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EU project 5G - Solutions
« Smartport

Preliminary results
Slicing and ROV over 5G (NTNU, YARA, Telenor)
Why 5G?

Summary
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5G - solutions

9G - SOLUTIONS FOR
EUROPEAN CITIZENS

The "fifth generation” of telecommunication systems, or 5G, will
be one of the most critical building blocks of the European digital
economy and society in the next decade. Significant steps
towards this strategic technology are being made at EU level,
within the framework of the 5G Public Private Partnership, in view
of validating the technology across domains.

Read More

P
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Industry 4.0 Smart Energy Smart Cities Smart Ports | Me .'.fi Other ‘
apps apps apps apps vertical apps |

-

5G-VINNI, 5G-EVE ICT-17 facilities

Real-time data
processing

ICT-17 measurement portal
(instrumentation & service layer)

ICT-17 slicing & orchestration

(interworking layer) Machine

Learning
optimization

ICT-17 5G testbeds
(infrastructure layer)

Data collection &
pseudonymization

Web-based graphical
environment

’

Pre-commercial products

Deep Learning Algorithms
for graph data

~ Previous 5GPPP project assets
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5G will give increased network performance
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Smart Port
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Smart Port - 5G setup
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Smart Port - Integrations
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Smart Port - Fully digitalized supply chain

> | INTEGRATION
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Smart Port - Yara Birkeland
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Smart Port - Yara Birkeland

Facts about Yara Birkeland

» Yara Birkeland is the world's first electric and autonomous container ship with zero emissions. The ship will transport fertiliser across the
fjord from Yara's Porsgrunn plant to Brevik port and thereby replace 40.000 diesel truck loads per year and eliminate associated carbon
emissions.

* The ship has been developed in collaboration between several Norwegian players. The technology company Kongsberg Maritime is
responsible for the development and delivery of the Yara Birkeland technology, including sensors and integration required for remote
control and autonomous operations, as well as electric propulsion, battery and control systems.

» The ship was built at Vard's shipyard in Brattvag, Norway. Massterly, a joint venture undertaken by the Norway-based Wilhelmsen group
and the Kongsberg group, has operational responsibility for Yara Birkeland from its monitoring and operations center in Horten, Norway.
State-owned Enova has supported the development of Yara Birkeland with NOK 133.5 million.

» Yara Birkeland will be put into operation in 2022. Initially, it will start a two-year trial period to become autonomous and certified as an
autonomous, all-electric container vessel.

C"v, This project has received funding from the European Union’s Horizon 2020
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Smart Port - Topology drawing
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Smart Port - bG architecture
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5G will give increased network performance
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Low latency

Will make 5G capable to do real time applications

Makes it possible to have more or less deterministic communication

Will support autonomy in a good way
« Continuous and efficient movement

Demands a local breakout from 5G
« Travel distance is key for low latency

Not possible in NSA 5G, demands Standalone 5G

‘3 This project has received funding from the European Union’s Horizon 2020
S@LUTIONS research and innovation programme under Grant Agreement No. 856691 12/09/2022 19



Smart Port - Topology drawing

Kongsberg Yara WAN
AZURE N 5G Test
TB data N crver & DLC/PSS
transfer B ‘ erver
3 |
SG Modem SQL data sync - SQL data sync
) ﬁr‘ Z Firewall
Microphone \ S ien i 5 NP Gy Yara Porsgrunn LAN
! VP"T(;l_ ay
4K camera (5G) T
— . “Internet?
-. - . Nordic &
~ g connect VPN Gateway
5G Modem

DLC Tablets

\

. 3.5GHz
26GHz

5G test = o N
equipment

T »

A ‘\".\ il Baseband
ﬂ ™| processing ™
Tk

Antenna

Straddler

PLC

t Base station
|

Back haul

&
Area Network ™| =

Trondheim

|

26GHz k Base station ._HT
“ MGalewa

PSS client
5G Test PC

Direct Network
connection

-
SQL data sync

5G Test
server

Internet
-~

Nuro games
Server

/

8 ;
i : ' . & e
g : L Beseband | gkl ateway! $ : ! Q/
il . w | [ & 5G Vinni N
H .
s Autonomous bus | T b T Areafietwark) [E5Gicore
] - APl App

5G Transmitter

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under Grant Agreement No. 856691

S’@LUTIONS 12/09/2022 20



5G will give increased network performance
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Up and download speed

5G promise extreme speed

« Screendump shows results from our precommercial 26GHz 5G net
* Download almost 4 Gbps

» Upload at approx 380 Mbps

Upload is more demanding than download
« End user equipment have low power comperedto 5G antenna

But still, impressive results
» A limited number of industrial use cases demands more
* One of our use case demands UL at 500 Mbps

Public users demands high download speeds
« Streaming of video

Industrial users demands high upload speeds
« Data/video from field to control room or cloud

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under Grant Agreement No. 856691
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Smart Port - Topology drawing
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Up and download speed 3.6GHz

« Example result Smart Port
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5G will give increased network performance
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Slicing (capacity prioritization)

High speed upload linkon 26.6 GHz ons
system: — » T8 6

. ransfer Yo
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Mobile core: Slice 1 (eMBB slice) - | P @
Yara Birkeland pe ordic i
connect

Require >500 Mbps upload speed to upload
diagnostic data from the autonomous
operation of the Birkeland Vessel within the
available timeslot. Therefore, eMBB.

Antenna

Straddler

PLC
T

Low latencyrequirement to support Real )| R
time applications: aerl |

In order to control straddle carriesin real time,
the system need to react quickly in a
predictable way. The latency needs to be low
and repeatable. The performance needs to be
guaranteed when the network is loaded and
capacity is shared with other traffic. Therefore,
(URLLC).
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NTNU student project in cooperation with Yara og Telenor

Machine control — remote steering of vehicle over Telenor’s
commercial NSA 5G network

« Service requirements
« Device-to-Device VPN network over 5G

« eMBB video uplink from vehicle and downlink to control
unit

+ URLLC - signaling uplink from control unit and downlink
to vehicle for steering, speed, and brakes

« Live pilot May 2021
« Drive test Trondheim from Tyholt to NTNU (2.0 km)
« Verified that it is possible to steer vehicles over 5G
« Average speed 9,23 km/hour
« Median video latency 124 ms

« Median signaling latency 34 ms

« Video Slik fiernstyres bilen over Telenors 5G-nett! (online.no)

Source:
Jon Ola Landgraff, Lars Markus Lerdahl, Karsten Sedal Slagstad, Aksel Digre Sebstad 2021: -
Fjernstyring av kjeretey over 5G/4G. Bachelor oppgave Ingenigrfag. NTNU telenor
; 7N group
Sensitivity: Internal
This project has received funding from the European Union’s Horizon 2020
broJ g P 12/09/2022
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Outdoor coverage - Download speed

Smart Cities & Ports / Autonomous Assets & Logistics for Smart Port

01/06/2022 - 13/09/2022 8 Ookla's speedtest.net v 228 items selected v Download Speed (Mbps)

Machine Learning results Data forecast

Gv‘ This project has received funding from the European Union’s Horizon 2020
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Outdoor coverage - Upload speed

Smart Cities & Ports / Autonomous Assets & Logistics for Smart Port

01/06/2022 - 13/09/2022 B Ookla's speedtest.net 228 items selected v Upload Speed(Mbps)

Machine Learning results Data forecast

Overall Statistics s
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Indoor coverage from outdoor RAN’s
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Indoor coverage from outdoor RAN’s
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Indoor coverage from outdoor RAN’s
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Indoor coverage from outdoor RAN’s
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Challenges for 5G in Industrial environments

« Steel reinforced concrete buildings
« Demanding for outdoor coverage

» Steel reinforced concrete walls
» Blocks 5G signals and reduces indoor coverage

« Speed
 Industry demands upload speed
« End user equipment have low power compered to 5G antenna

 Wireless instrumentation
« Limited 5G / NB compatible alternatives
e |nstrument vendors still not onboarded

« Accurate positioning
« Still not part of 5G technology

5’ This project has received funding from the European Union’s Horizon 2020
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Less infrastructure with commercial 5G systems than with the use of WiFi
* Lower CAPEXfor the industry partner

« A project does not need to invest in infrastructure if 5G coverage is present

Infrastructure cost kills the business case of many smart projects
+ Costis moved from CAPEXto OPEX

« Break even WiFi/ 5G need to be investigated

(¥) DOWNLOAD
The telecom companies might limit the success of 5G with their pricing model Mbp
* My kids included data will be used by 1 single speed test
* Increased capacity -> Better video quality -> Increased data consumption

* Canthe 5G technology compete fiber + WiFi in homes and offices?

5G might replace several wireless communication platforms
*  WiFi
*  Wireless Sensors (Narrowband loT)
+ Walkie Talkie solutions

« Emergency networks

5G promise more accurate positioning
+ Can5Greplace GPS and DGNSS ower time?

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under Grant Agreement No. 856691
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What about functional safety? Will 5G be an alterative solution? RESULTS
« Will the availability be sufficient for autonomous solution with safety level intact?

Always networked
» 5G standalone will give end users the feeling that they are always connected

(& DOWHNLOAD

848

r—

Autonomy and edge computing i 5G network

» 5G with appropriate design can keep local functions running while central parts is down 927
* Increased availability of critical functions

» Telecomcan deliver edge computing at site on customer need and request

One network only, is it smart?
* Whatifit fails?
* Our 5G stopped due to an earth fault of the cooling system

What about cyber security?
»  Will 5G create a back door into production networks?

This project has received funding from the European Union’s Horizon 2020

research and innovation programme under Grant Agreement No. 856691 12/09/2022 36



Cyber security
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Summary

5G have the potential to be an enabler for the industry
Shorter execution time of projects with infrastructure/ coverage at the site

Steel reinforced concrete
» Indoor and outdoor coverage is a challenge for the 5G technology

Upload speed is more important than the download speed for industrial users

Availability of 5G compatible instruments (Narrowband 1oT)
« Battery lifetime 5-10 years to compete with Wireless HART

Cyber security.... A critical factor

Is 5G the network of the future for the industry/ Smart Ports?

Maybe

This project has received funding from the European Union’s Horizon 2020

research and innovation programme under Grant Agreement No. 856691 12/09/2022
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Yara Birkeland at the Smart port
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