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1. Executive Summary

The current deliveable 1.10 is an update of botmaturities in the deployment of 5G (5th generation)test
infrastructure andthe development of technological features corresponding 36 CAM Connected and
Automated Mobility requirements and use case needs.deployment plan serves ascanciseguide for all
partners involved in development and deploymeX: testing of 5G capabilities developddough 5GROUTES
project.

A major part of this deliverable is devoted to linkage of use case with requirements of trighsitephysical
and technological. Dependencies mapping for each use case @iad sites are given in both high level and
detailed from various perspectives. Amopgrspectives is classification n$e case need from 5G technology
perspective ag high connection density, extendexbverage, ultrdow latency, high reliability, high availability,
high data rate, extreme throughput, enhanced spectral efficiency. The challenge identified are linkednith
development stage of user equipment and user engrece requirements which are not intuitilyematching 5G
features.Moreover,even though the trial sites are under deploymen{#®0MHz & 3500MHz) New Radio base
stations the missingcommercial Rel.16 compatibility limitsnitial capabilities of 5GAmong deliverable
achievements should be notethe summary of KPI(Key Performance Indicatonequirements from
bandwidths/latency/capacity and reliability perspectiVidose KPI requiremendseintegrated inplanning stage
of 5G network rolkout within all trial sites andisk assessment artovisian of alternativesolutions.A result of
these efforts is initial reference4G network assessment awell assessment @volving 5G network including
cross border land and see regions. It has been noted tB& network coverage extends faeyond initially
thought which enables see use cam®d reduceneed for satellite handoveMoreover,radio frequency scan's
reviledthat even 40km are distance of existing 5G coverageallinng Helsinki motorway of theee corridor.

An update ofrecenty initiated procurement process of both Estonia and Latvia 5&®B& s and selection of
vendorsproved the maturity forseveral so faopen issues. This aspect hiauenced the change of perspective
for running bothvirtual and physical cross border large scale tridisverthelessit has been identified as well
that commercially availabledR16core equipment will come with limited functionalignd restricts accessibility
to low TRL level designsoncerrregardingorchestration functionality andccessibility procedure aralidand
need to betackled rather than neglecting.

For clarity reasons Gantt chart type ofdeploymentplan haseen added to sectiofi givinga holisticoverview
of all four large scale trial sites highlightingdependencies, time frangeand technology availabilityHaving
systemsedtrial site dependencies and technology readiness would alievearly as possihi® start verification
tests and toprepare for futureenablers to be deployed shortly. This in pracig@tended to reducéhe waiting
time and fosterinitial tests for use case readiness.

Finally, @ update ofthe longterm deployment plan consideringonnecting Europe Facility CEF DigitdP021
2027) newly issued calls for 5G deployment studies/work&ROUTES developmsnhave given a new
motivation for consideations of 5G CAMroll-out synchronizationamong Baltic and Nordic countrie$his
resultedin a recentsubmission o6G Northern European Transport Cortigwoposal addressing Nordic THN
transport corridors and it'sCAM and FRMCS8-uture Railway Mobile Communication Systefaature
deployment.
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2. Introduction

CAM infrastructure development asno be able to cover all major cities in Latvia, Estonia and Finland, including
all major transport pathgéroads, railways and shipways) traversing these countries with 5G connectivity 4y 202
thus aligning with andrealizing the longterm roadmap of the European CEF proposal. Collaboration
opportunities will be sought with othareighbauring EU member stateto extend the deployment plan to cover

other EU countries. The plan will be complemented with a set of new commercially justified and viable business
models (telco investing, emvestment telco/automotive sectors, muigiarty investment including road
operators, public financing from member states, cooperation options under CEF, etc.) for the deployment and
delivery of 5Genabled crosdorder V2X CAM services. A clear migration plan for the use aexistence of 5G
enabling technologies with other exisg technologies, such as IEEE802p2& for CAM services will also be
included.

2.1 Mapping 5GROUTE®utputs

The prpose of this sections to map5GROUTESa  tDAddegment commitments, both within the formal
deliverableandl 81 RS&AONALIIA2Yy S 3L Ayald GKS LINRP2SOGQa NBa LIS

Tablel Adherence to5SGROUTEE O ' ! $AT EOAOAAT A O 4A0EO $AOAOE
5GROUTESA SGROUTESA Component Respective o
Component Title Outline Document Justification
P Chapter(3
DELIVERABLE

Report on 5GROUTES CA|
D110 deployment plan and longer This document
term deployment strategieg2.0

TASKS
T1.2 5GROUTES CAl Major KPIs that are relevant t Section 3.2 describeshe
deployment plan anc network planning anc network and servicelevel
longterm strategies for deployment will be included ant Section 3.2 KPlIs that are defineitt D19
full-scale deployment o considered to meet the specifi that are relevant for
5G infrastructure UC criteria. network planning.
Main 5G Technologiesovered Highlevel description of
in BGROUTES projeaill be Chapterd 3GPPReleases 16 & 1and
described and testethe impact main features and
on UC teshg. functionalities
A detailed overview of the The sectiorsummarizeghe
current situation of spectrum Sections. 1 availability offrequencies at
availabilityin Latvia, Estonia an ' present and the schedulec
Finland will be carried out. auctions.
A detailed oveview of the
current legislative situation of Section 5.2 Section 5.ivesan insight

CAM in Latvia, Estonia an into CAMlegislation
Finland will be carried out

A detailed analysis of5G
ROUTESiItes will be carried out

Section 6.36.6 provides an

Chapter6 assessment othe existing
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identifying network infrastructure of MNGs at
development capabilities the planned testsites.

2.2 Deliverable Overview andReport Structure

This deliverablelescribeghe existing situation of network readinesayailability of spectrum, legislation impact
on 5G deployment5Gterrestrial and satelliteconnectivity options and other informatiowhich is neededo
reachthe initial 5 GROUTE&eployment plan.
The following chapters are included in this deliverable:

1 Chapter 3 includes brief description of each use ana summary of relevant KPIs for network
architecture development and necessary 5G features selection.
Chapter 4ives a common insight intbe readiness of technologies, features and 5G releasgsrneral
Chapter 5 coveran analysis of spectrum regulation and availability in Latvia, Estonia and Finland,
describes CAM legislative framewsdand gives insighinhto investment models carried out in previously
mentioned countries.

1 Chapter 6 describebke availability of existing infrastructure and opportunities network development

inthe 5GROUTER®ial sites.

1 Chapter 7 willummarizeéhe 5GROUTERitial deployment plan.
KPlsand use casadescriptions araghe base informationto start the development ofa deployment plan, this
information is describedand analyzedn D19 [38], but the main KPIghat impact network deploymentwill be
included in this deliverableaas one part ofthe necessaryinformation to define and describe network
requirementsand necessary 5G featureBo achievea full view d network architecture,analysis of trial site
locations infrastructure readinesand spectruntonditionsis crucial
This deliverabldasrelations with most of thetasks and work packagea the projectand the most essential
onesarelisted inTable2. Inputs and outputsandthe overall view ishown inFigurel, Dependencies within the
5GROUTES project

1
T

Table2. Inputs and outputs

Output Input | Brief description

T1.1 T1.2 Specifications and requirements of the use cases to develop the project
deployment plan

T1.2 T1.4 Project deployment plan and testing framework

T1.2 T3.1 Output tonetwork planning based on the deployment plan and trial sites
analysis

T1.2 T5.1 Analysis of existing investment models and Caggibrtunities to develop future
business cases
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3. UseCases & KPlIs

The 4G network already provides an opportunity to test a variety of CAM applications thatblagie
requirements for networlKPIsSGROUTES ain validate 5G as a true enabler of innovative CAM services that
cannot berealizedd & (i AviRdle@s@dimmuication technologies due to stringent requirements, such as-ultra
low latency (<10ms), ultehigh reliability érror rate <10-5),alarge density of connected devices (up to Gsers
per km2), high throughput (>100Mbps), high positioning accuracy (wWithém), extended coverage area, etc.,
gAGKAY | aAy 3anBalsa actoss differerst VMG Ndrrestesdtellite networks, countries, telco
vendors, vehicles, modes of transport and amskr devices.

Defining network requirements and developingnatwork deployment plans based on UC requirements
corresponding defined KP#nd 5G Core functionality provided lifie chosen vendarThis section containa
short description of 5ROUTESuse cases andhe main aggregatesieeded fora 5G deployment plan
Informationwill be updatedn the followingdeliverable 1.4ollowingthe 5GROUTE®sts on localized and large
scale trialsMore detailed description and definition of 5BOUTESC and KPls adescribed irD19 dUsecases,
scenarios, specs & target KPIsfob T2 NJ / | a €

3.1 UseCasesHigh-level Description

All use cases will be demonstrated over 5G in-veald field trials, to measure the performance improvement
and torealize5Gpotential, based on the target network and s&relevel KPIs. Alise cases ardividedinto five
main categoriehighlighted below with higievel descriptios of each use case.

3.1.1 Automated CooperativeDriving

Focus onautomated drivinguse casesvhere increased level of automation of theehicle functions and a
reduction of the involvement of the drivavill be tested to reach highly automated coopevatdriving

UC 1.1: Dynami¥ehiclesPlatooning

Description:Dynamic vehicles platooning enabtesdynamically form a group of vehiclastelling together. All
vehicles in platoon SJAE dvel 4 automation) receive periodic data frothe leading vehicle SAE dvel 1
automation).This use case will be tested with extremeips distance between vehicles at high spegdp to

90 km/h in crossborder or virtual cross border trial sites, meagthat gap between car is millisecondin

translation to time.

Figure2. Dynamic vehicles platooning
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UC 1.2: Cooperativeane Change

Description: Vehicle should be able tmaneuverin an automated manner: automatically change lanes in
highways when appropriate. For this, the interaction with the surrounding and the cooperation with other
vehicles in the vicinity is of absolute importance, especiallihe case of blind spots. All nearby vehicles are
informed about the intentions of the vehicle to perform safe lane changeaaedrdinglyreduce their speeds.

Figure3. Cooperative lane change

UC 1.3: Se&hroughView for Safe Automated Overtake

Description: SeeThrough helps the automated vehicle to take informed decisions, based on the information
received reatime UHD video feed from the vehicle in front, taking iotmsideration a number of parameters
including potential hazards, such as an oncoming remote vehicle in the passing lane or a lack of room in front of
the leading remote vehicle) for a safe overtake without the engagement of the driver.

Figure4. SeeThrough view for safe automated overtake
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3.1.2 Awareness Driving

The aim is to provide reliable data sharing on road conditions, such as increastithestabffic video streams

and controls at complex crossings, using V2X communicatimhsas location, speed, driving pathways, VRU to
ensure safe passing and preventing collisions, and to ensure user comfort in traffic jams during automated driving
in time.

UC 2.1 Redime Traffic Information and Cooperative Intersection Collision Control

Description: On intersections, traffiflow is complexdue tothe driving behaviour of involved driverm this
particular andcomplex use case, an intelligentl#dsed Intersection Controller System (ICS) installed at the
intersection, enabledoth the detection and prevention of potential collisions in réate as well as more
efficient operation of theintersection by notifying approaching vehicles about signal phase and timing,
dynamically instructing them to adjustteir speed and coordinatgthe traffic flow according to the actual traffic
conditions.

Figureb. Realtime traffic information and cooperative intersection collision control

UC 2.2 TraffidGam Chauffeur

Description:Use case with highly automated vehic{ep to SAE level 4) on cressrder, where a driver is not
involved. The scenario includes vehicles operatimgoads shared with other vehicles, pedestrigansd cyclists,

all following a designated route towards the border junction. The traffic jam fidauapplication would make
automated driving in traffic jams or stop and go conditions more convenient. The application can steer the
vehicle and its brakes in an automated way up to 70 km/h, monitoring the speed of the preceding vehicle and
surroundingsat the same timehrough several sensor sources.
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Figure6. Traffic jam chauffeur

3.1.3 SensingDriving

Aim is to enable connected vehiclesshare sensing observations and environmental information for related
vehiclesto obtain better understanding of the situation, in particular the absence of information VRUs outside
the line of direct vision of drivers, and the development of preventiventeaance system using forecasting
analysis, the provision of lortgrm maintenance and repair services throughout the life of vehicles.

UC 3.1 Sensdnfo Sharing for Cooperative Stuation Awareness

Description:Sensor info sharing enables tlexchange of raw or processed data gathered through local sensors
or live video data among vehicles, Road Site URSU), UEs of pedestrians and V2X applicatovers,to
achieve cooperative situation awareneskhe On-Board Unit (OBU) system of the vehicle colleaensor
information and proces# to reactto situations based on specific parameters, such as cruising speed, the
distance from a remote obstacle, the presence of passing vehicle in the blind spot and others.

UC3.2 ConnectedMaintenance

Description:Use caserovided by the collection and real time processingeliiclesensor data to monitor the
health status of certain vehicular elements. AR/VR can be mseohjunction with the usage of the sensdos
remote assessent of maintenance issigto have enhanced awareness.

UC 3.3 Vulnerable Road User (VRU) Collision Avoidance

Description: Interaction of vehicles with VRUs (e.g. pedestrians, disabled p@éopldeelchairs, peoplavith

sight impairmentspets, bigcles, motorcycles) especially at cross walks and spots without line of sight. A critical
requirement for is the realime accuracy of the positioning information covering pedestrians, cychisid
vehicles. VRU collision avoidance applicatiorstissuea warning,after calculaing the trajectories of vehicles

and VR, by using the geometry of the intersection, the road and its surroundings and determine the risk of
collision.

3.1.4 Uninterrupted Infotainment PassengerServices on theGo

This categoryaimsto enable passengers to benefit from the higérformance capabilities of 5G networks while
travelling and crossing the borders of EU Member States. Applications in this category includeserdaming
and 3D virtual capperationon the move
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UC 4.1360 ImmersiveMulti-user Gaming on theGo

Description: Srong increase is expected in UHD multimedisage as it becoms immersive and highly
interactive to provide media consumptioandcontentand ambiencedapting on the moveGaming will expand
into full 3600 immersive mulsensorial environment, restftgin more realistic experience, improved ability for
users to collaborate and without any limitation on the number of simultaneous players. Apart ftoarfast
connections and low latencies, 3600 immersive raur gaming on the go requires a uniform user experience.
Collaborative multuser video gamingnd AR/VR applicationsill be tested on the move crossing the border.

UC 4.2 3Reaktime Virtual Collaboration on theMove

Description: High resolutionand high dynamic range videos transmitting enable new real time auslial
experiences for users. 3D virtual video conference will be tested on thdugog entire journey: activating
contentwithin autonomous vehicle and afterwards crossing border via railway (LaBstonia border crossing)
or ferry (Estonia Finland).

3.1.5 Multimodal Services

It is important to have uninterrupted and seamless service delivery to passengevssibility of tracked goods

through different modes of transport, when changing vehicles or trains to onboard ship liners for journey
continuation. These use cases focus on seamless logistics processes, goods tracking, multimodal management of
pasengers ad freight, plus telemetry operations of railways with FRMCS (key enabler for rail transport
digitalisation).

UC 5.1 Good$rackingVisibility in Multimodal Q-ossBorder Logistics

Description: Goods tracking and online data is important for multimodalssrdorder logistics. The Gulf of
Finland between Estonia and Finlahds limited2G/3G/4G mobile connectivity and therefore, scalable- 10T
based tracking is currently not feasible. The aim is to validate effeessand continuous visibility of goods
tracking throughout multimodal journey of goods traversing multiple EU member states over terrestrial as well
as maritime transportTests will be performed from Latvia Estonia and continuation of the journey to a ferry
across the Gulf of Finland from Tiaflito Helsinki

UC 5.2 5ased Proactive and Multimodal Management of Passengers and Freight

Description: Use case comes in two phases: First focuses on the-bosdsr communication and provides
mechanisms for notifications on approachipgssengers and freight and assignment of necessary resources in
the destination network Second focuseson multimodality includingunloading of freight from trucks and/or
railways and loading them to ships in additiorith & & S picv&nedAutomated checking of freight (towards
zerotouch), conducting logistics operations and informing authoriggsart of this use case.

UC 5.3ontinuous Railway Infrastructure Monitoring witptical Sensors

Description: In the continuous railway infrastructure monitoring use case the optical sensors (LIDAR, depth
camera) are used to detect any deviations from normal state on the railway tiduk.collected information is
further broadcasted to central server, providing constant high volume data stream over 5G network. The
obtained data is further analysed to identify sections of railway infrastructure that degrade and require attention
and mantenance. As the result railway infrastructure quality may be increased and a higher safety level is to be
obtained through automated lonterm monitoring.
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3.1.6 Classification ofUse Cases

The International Telecommunication Union (ITU) has classifisg&i@Gesin three usage scenariggach having
different requirements andcommunicationneeds 5GROUTES8se cases are classifiby thesescenariosas
shown in Table 3. This classificationprovides an overall insight into the direction of possible network
requirements

mMTC(massive Machine Type Communicatjankigh connection densifyextended coveaige

URLCQ@Ultra Reliable Low Latency Communicat)apsltra low latency high rdiability, high availabilit.
eMBB(enhanced Mobile Broadbahd high datarate, extreme throughput enhanced spectral efficiency
Classification playanimportant role on netwak planning, necessary 5G features, architecture and overall 5G

network deployment.
Table3. Use case by ITU scenarios classification

Nr Usecase mMTC URLCC eMBB

1.1 Dynamic vehicles platooning M

1.2 Cooperative lanehange M

1.3 SeeThrough view for safe automated overtake S M

2.1 Intersection collision control M

2.2 Traffic jam chauffeur M

3.1 Sensor info sharing for cooperative situati M
awareness

3.2 Connected maintenance M

3.3 VRUcollision avoidance M

4.1 360 degree immersive muitiser gaming on the go M

4.2 3D reaitime virtual collaboration on the move S M

5.1 Goods tracking visibility in multimodal cross bor¢ M
logistics

5.2 5Gbased Proactive anslultimodal Management ol M S

Passengers and Freight
5.3  Continuous Railway Infrastructure Monitoring wi M
Optical Sensors
M ¢ Main, S- Secondary

3.1.7 Initial Trial Sites for Use Cases

Initially use case testing were planned in three trial sfieigure?) all located orthe crossborder O2 NNA R2 NJ @ 4
. FEGAOl b2NIKE

1 road border crossing between Latvia and Estonia located in Wallga

9 railwayborder crossing between Latvia and Estonia located in Wditga

1 sea crossing between Estonia and Finland, port imfadind port in Helsinki.
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§

Figure7. Initial trial sites

In total 8 new 5G base statiorare planned tobe implemented and relevant 5G infrastructure will be installed
to validate 5GROUTESIse casesValkaValga will cover autonomous driving, infotainment services and
multimodal services use cases involving vehicles and railways. Based oplenitipho base stationsith two
sectorsneed to be installedh Valkatwo with two sectorsin Valgaln Estonia; Finland trial site,wo additional
base stations will be installed in Tallinn port amad small cell in ferryelated to Multimodal sendes and
Infotainment use cases involving vehicles or railways and ferry aslwadhsure continued connectivity without
service interruption on all crodsorder use cases, satellite 5G connectivity will be provided vidald
geosynchronous and LEO dhtes and integrated with MNOs 5G CNs to support handover.

Based ordiscussionamong5GROUTE®artners on the planned trial sites as well as on the first study and
analysif locations, a new trial sit¢ . A 1 S NJ A S hak bebidndi§ed tdpravide CAM testdccording to
initial plan two 5G base statiorigas been installedone provided by LMThe other by Telia. In that manner
virtual crossborder has beercreated ina closed area, which @unique solutionfor safe testing buse cases.
TheTable4 shows the summary where each UC is planneettested.

Table4. Use cases and trial site locations

Road Railway Muuga

Usecase Valka VLGS Vuosaari SIS
racetrack
Valga Valga
1.1  Dynamic vehicles platooning X X
1.2  Cooperative lane change X X
1.3 SeeThrough view for safe automate X X
overtake
2.1 Intersection collisiorcontrol X
2.2  Traffic jam chauffeur X X
3.1 Sensor info sharing for cooperati X
situation awareness
3.2 Connected maintenance X
3.3  VRU collision avoidance X X
4.1 360 degree immersive multiser gaming or X
the go
4.2 3D reakime virtual collaboration on the X
move
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5.1 Goods tracking visibility in multimodal cro X
border logistics

5.2 5Ghbased Proactive and Multimod: X X
Management of Passengers and Freight

5.3 Continuous Railway Infrastructut X

Monitoring with Optical Sensors
* - New trial site irbGROUTESroject, not forlarge scale trials

3.2 KPEkRelated to Network Planning andDeployment

Each use case is associated with a specific set of requirementoammbsiteKPIsThis section includes general

KPIs which are relevant for 5G network architecture and deploynid?itdetailed description is available inD1.

& ! &aSes, scenarios, spezs (O F NBHS G Yt L [B8]anamethadoldg@d\r KPI nedsurements inlD1.
GaStiK2R2f 2 30A20NER SFININD 20ENERIaca2 NI G A 2y | Yy R [@] Five RdindPAshate 2 T p
been selected to evaluate the use casHstoughput LatencyReliability CapacityLocalizationSummary of KPls

defined by each UC is summarizad able5. Composite KPIs of UCs

Table5. Composite KPIs of UCs

Bandwidth : i Reliability
. Packet loss intensity
Minimum granted . Latency (ms) ) Latency [ms.] (packets per mil. Packets! Nb devices per cell per MHz
throughput (Mbps) (Median - 50% percentile) (95% percentile) .,
or packet loss ratio)
1.1 =5 Mbps < 100ms <200ms <20 0.5
1.1 <= 2Mbps >200ms >300ms 20> 0.1
1.2 =5 Mbps < 100ms <200ms <20 >0.5
1.2 <= 2Mbps >200ms >300ms 20> <0.1
1.3 >15 Mbps <200ms <99% 0.07
1.3 < 10Mbps >300ms 90%:= 0.1
2.1 =5 Mbps < 50ms <100ms <1% >1
2.1 <= 1Mbps =200ms >300ms 5% <0.2
2.2 =5 Mbps < 100ms <200ms <20 >0.5
2.2 <= 2Mbps =200ms >300ms 20 = <0.1
3.1 >25 Mbps <10ms < 1% > 400
3.1 <=0.5Mbps >50ms 2% > <3
3.2 >200 kbps ==30s < 2% = 1000
3.2 <100 kpbs >1mn 5% = <100
3.3 =5 Mbps < 20ms <100ms < 1% =1
3.3 <= 1Mbps =50ms >100ms >5% <0.2
4.1 >5 Mbps <=10 ms <=10 ms <0.1% >0.5
1.1 <2 Mbps >70 ms >70 ms >1% <0.2
4.2 =50 Mbps <100 ms <100 ms <1% >0.04
4.2 <25 Mbps > 500 ms > 500 ms 5% > <0.02
5.1 > 60 Mbps <50 ms <50 ms <1% > 1000
5.1 <40 Mbps =100 ms =100 ms >5% <100
5.2 =10 Mbps < 80ms <200ms < 2% > 1000
5.2 <= 2Mbps =200ms >300ms >5% <100
5.3 =50 Mbps <100 ms <100 ms <1% >0.5
5.3 <25 Mbps >500 ms >500 ms >5% <0.1

Given that, as part of the project, the aim is tdeploy a 5Gnetwork that provides connectivity for all UG without
specificmodifications and configurations individually for each of,ithe mainKPIsrelated to the network
deploymentare pooled(

Table6. KPIs poolsto getoverall viewon minimumgrantedthroughputand latencyby number of UCsSuch
information isvery importantfor deployment plan regardingpecificatiorfor RAN and Core.
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© 5GROUTE2®0

Table6. KPIs pools

Minimum granted throughput

Number of UCs

(Mbps)
>20Mbps 4
5-20Mbps 8
1-5Mbps 0
<1Mbps 1

Latency (ms)
(Median - 50% percentile)

>100ms

Number of UCs

20-100ms

10-20ms

<10ms

NiFRi00IN
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4. TechnicalFramework

The hidp-leveltechnical approach ddGROUTEShown inFigure8. The 5GROUTES networks will be validated
over the emerging 3GPP releases R.16 & R.17, for the 5G RAN andBEQmetwork slicinglJRRLC and other
crucial featureswill be implemented tagyrant successfuest resultsof predefined use cases.

/-/ Inter-domain Integration Fabric
</ +  E2E Service Orchestration \>

*  E2E Al-based Vertical Slicing J/
Country A E2E Data Collection & Analytics
5G MNO,

\ Satellite 56 »
] & GPS
“""'/"’/

Tenant Web Portal
Secure web access

Country B Pracessing & Analytics a
5G MNOg KP1visualisation =c

Servi 0SS / BSS Orchestration thiluidh

Services

-5[J Core 5G 53 NFV KPIs, SLAS
- - ‘illcm . :

r Data Analytics

AI based 5G Core NFVI

Services

o
_____________ ° L radio &
| =% mMICslice | ~- 8 = positioning Transport network
i <4—» JRLLC slice E :, g = -enhancements MEC
| emeaslice 222 R %555 vee N Foge
0

Edge NFVI

_
(" V2X Driving -
use Cases

LIDAR
4van

Uninterrupte

Telematics control unit with hybrid

Uninterrupted multi-modal connectivity |
A

infotainment satellite-terrestrial 5G connectivity
passenger & =~ 5G : Terestrial 5G small cell
logistics tracking “="5at 5G: 5G small cell with satellite 5G connectivity

\_use casas

Figure8. 5GROUTE®igh-level architectural approach

4.1 3GPHreleases androadmap

5GROUTES aims to significantly reduce the amtyigtior to EUwide deployment of CAM servicea European
TENT networks. Within North Europe test bagtwill validat capabilities of the following innovative 5G enabling
technologies for CAM services (which walintegrated in 5G network equipment aadio, RAN, core network
andnetwork orchestration levels)North East Europis distingushedby highlydeveloped connectivity anidw-
densty population, with potential for fast uptake and introduction of new generation of connectivigy.
reasonableconfidence has been establishbygswift and national wid8G and 4G introduction in Latvia, Estonia
and FinlandA new set of challengesnd opportunities arisevith latest 3GPP releases i.e. R.16 and RAL7.
historicaldevelopment andhewtimeline for upcoming releases arghown in
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Table7.
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Table7. Network standardsand they ntroduction year

Generation. Release ~ Mainfeatures
1 1992 Voice
2 1995 EFR codec
2G 96 1997 HSCSD
97 1998 GPRS
98 1999 EDGE
99 2000 UMTS 3G, CDMA
4 2001 al-1P
3G 5 2002 HSDPA, IP Multimedia Subsystem
6 2004 HSUPA, Multimedia Broadcast and Multicast Services (MBMS)
7 2007 HSPA+, NFC
8 2008 All-IP Network, Multiple Input and Multiple Output (MIMO)
9 2009 Home eNodeB (HeNB)
10 2011 LTE Advanced, Multi Cell HSDPA
4G 11 2012 Advanced IP Interconnection
Enhanced Small Cells, Carrier aggregatiobeviceto-Device
12 2015 communication (D2D), eMBMS
13 2016 LTE unlicensed, LTE Advanced Pro
14 2017 Multimedia Broadcast Supplement, Cell Broadcast Service
New Radio (NR), V2X, IP Multimedia Core Network Subsystem
15 20182019 | Future RaiMobile Communication System (FRMCS)
5G 5G System- Phase 2, V2X Phase 3, UlRaliable and Low Laten
16 20182020 | Communication (URLLC), Satellite Access in 5G, 5G NR Position Se
17 20202022 | NR MIMO, RAN slicing, NR Quality of Erpeé

3GPP release serves as a best practice guideline for system prawidategrate the new features and for
vendors to develop and provide a set of new connectivity serviRekease 15 has set the scefoe updates of
missioncritical (MC) communicationsnd MC services functionalities. These functions rewaved from LTE
affectingeverything from private communications across broadband to emergency alerts and file distribution for
government facilitiesRel. 15 allowidustries that rely on largecab MC communications to improve response
times, gain better control over device and network software updates and revision management, and assemble
GSFYa 2F NBALRYRSNE YediBelehsuztuies ds ¥ehichy-8ver@hinghas@nhSigai t & ©
and left for much matureipdate within Release 16.
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2020 2021 2022
Mar. Jun. Sep. Dec. Mar. Jun. Sep. Dec. Mar. Jun. sep. Dec. Mar.
TSG#83 TSG#84 T1SG#85 TSG#86  TSG#87 T5G#88 TSG#89  TSG#90 TSG#91  TSG#92 TSG#93  TSG#94  TSGH#95
' |
Rel-14 Stage 2 Rel-16 RAN Completion
Rel-16 Stage 3 Release 16

DAY rana ‘

|
Rel-17 RAN Content Definition

Release 17

|
Rel-17 RAN Completion ASN.1 RAN4
Rel-17 Stage 2 (RAN2/3/4core)

Rel-17 Stage 3

sl Release 18
x@ Definition |

&4 . (T8C)

Source: 3GPP TSG SA#87e, 17-20 March 2020, e-meeting document SP-200222 © 3GPP 2020

Figure9. 3GPP upcoming release R&b and Rel7 timeline

Key features(new and updated in 3GPP Release 18n overall trend in Rel6 is to make the 3GPP 5G System
(5GS) a communicatie®@y I 0f Ay3 LI FG0F2N)Y &dzZAGrofS FT2NJ 6ARS NI
transportation (autonomous driving V2X, Railways, Maritime), automated factories, healthcare, public safety and
more. In this respect, the versatility amdliability of the 5GS has been further increased to make it industry
grade compatible, with enhancements to UHReliable Low Latency Communications (URLLC), Network Slicing,
Edge Computing, Cellular IoT (Internet of Things),-Rigslic Networks, Positiing Services and LANbe
services. In addition, the use of 5G as an underlying communication network (i.e. to be used transparently by
applications external to the network) has been enhanced, mostly under the work on "Northbound APIs". Besides
all theseindustrial aspects, other R&b6 enhancements cover the coexistence of 5G with-BG#®PP systems,
entertainment (e.g. streaming and media distribution) and network optimisations (e.g. user identity).

The aim of 3GPP Rel.16 is to bring overall systgivance Sy 1 & (2 { K Gescéibedin R.18d welBas m é
functions relevant for addressing the specific communicatieeds of vertical sectorOne of the verticals
directly targeted by the 3GPP is the automotive sector, ands&iported vehicldo everything (V2X)
communicationconsideradvanced scenarios that are beyond what is possible withdaBEd V2X, primarily in

the area of low latency use cases. The general 5G System architecture for 3GPB Reédified by the 3GPP

SA2 Group in TS 23.5(A5] while the 3GPP document TS 23.228] targets the5G system architecture
enhancements required to support V2X services in 3GPP Rel.16. Thepattdication will largely be based on
GKS oDtt (GSOKYyAOFft NBLR NlebharkcemensdobEvyhved Radi@itstzR EPS shd | N K
pD {2@adSY (2 &dzLlLi2 NZ7] It sRodid bé Ot&dfhat the relevanbvg3spadificatidns pertain

to V2V, V2I, V2N and V2P commatiiens using-TE/EPC networks as defined within the previous releases of
the 3GPPAnother important new feature of 3GPP Rel.16 will be 5Gaked positioning services. In the 3GPP
Rel.15specifications, despite the introduction of the new radio acceshnelogy, positioning is still handled by

the LTE network. Advanced positioning capabilities of 5G NR will be crucial for applications emengancy
services and automated driving, which require advanced positiofiaog.a wide range of verticals, theain
achievements of the 3GPP Rel.16 standards will be the improveraedtsievelopments relatetb industrial
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Internet of Things (loT) and URLLC, which arether two pillars of the ITU specifications on 5G systems that
complement enhanced mobilbroadbandcommunications. Offering 5G technology in unlicensed bands and
reaching a more accurate level pbsitioning will pave the way for novel services for existing subscribers of
mobile operators as well as varionsw sectors that will benefit from@G capabilities. The performance of MIMO
systems and powetonsumption are also on the agenda of the 3GPP Rel.16 standards. The 3GPP document TR
21.916[33] listsand summarizes all the 3GPP Rel.16 work itéang/orking document and will be frozen once
3GPHRel.16 is ready

Firstguidingstudy appearancelescribingRelease 1 expected imid-2021, however, someexpectedfeatures

are highly valuable foautonomousdemonstration withinsGROUTESroject

Some of featuregelevantto autonomousdriving as part of Rel7 are:

NR Machine Type Communicatioin 3GPP, 5G Low Power Wide Area (LPWA) IoT communication is based on
the LTEnassive MTC (mMTC) technologieSEM and NBIoT. These technologies cover wide range of use cases
and requirements to handle high volumes off Idevices in a numbeaf use cases, such as smart metering,
parking, building management and controlling smart city lights.

3GPP has worked on UlReliable Low.atency Communication (URLLC) mainly as an NR technology so as to
meet the stringent reliabity and latency requirements of critical MTC (cMTC) use cases, such as robotics and
YIEydzFlF OGdzNAYy3Id LYy 06SisSSys GKSaS 2FFSNAy3a O2dzAZ R o
[AAKGEO GFAf2NBR G2 &dzLJi2 NI Lighycmnanichtibn ist basgdioNBR blildiag a Sy
blocks, such as numerology and SSB bandwidth, but complemented with enhancements to meet the new
requirements such as reduced complexity and lower UE power consumption.

mMIMO: 3GPP has worked on advanced Mudtipiput and MultipleOutput (MIMO) antenna technology over
multiple releasesMovinginto Retl7,the focuswill be on fixing the issues learned from rddé deployments

(instead of standardizing incremental enhancements or enhancements that are noicpiigdmplementabl®

IAB enhancementsintegrated Access and Backhauling (IAB) soligi@xpectedintroduced in Rel6, will be

further evolved to provide increased efficien@nd therefore support additional use cases. For instance, in
disaster scrarios and areas, it can be critical to enable support dfiacl and temporary IAB nodes.
Broadcast/Multicast For broadcast solutions, it is important to look at more advanced use cases compared to
the traditional TV broadcast-or example a public safety scenaridenefiting from group call and video
broadcast. Furthermore, intelligent transportation systemBS)l couldapply this technologyin regardto road
conditions and traffic sign/lightmformation. Therefore, a common framework to enable single and nualti

(SFN) broadcast needed

Sidelink enhancementsRell7 is expected to support more use cases3GPP based mobile communication.
Public safety is the prime example. Support of communication should leverage on as many synergies as possible
with ITS. For example, sidelink standardized in ITS use case can be leveraged as broadcast.

NR operation on hgh frequencies (NR > 52.6 GH2perating NR in higher than 52.6 GHz provides great capacity

for the operators in specific use cases such as mobile broadband services in indoor and dense urban dtenarios.
is important to leverage current NR standardsrasch as possible also in high frequencies to ensure synergies.
Considerable sharef spectrum in higher frequencies is unlicensdtherefore, acommitment to explore
(minimum) changedo support unlicensed operation in those frequencié¥ith respect toNRU operation in

lower bands, Rel6 already provides the necessary key components.

[
“

4.2 5GFeatures &Functionality

3GPP Releasé6 & 17involvea widevariety of innovatie features andunctionalitiesthat will betested in the
5GROUTES project in order to ensure ttrag specific KPIs can Iseiccesfully achieved according to use cases.
Some of key featurewithout which 5GROUTES would hmrealizableare described below.
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4.2.1 Network Slicing

Network slicing is a concept for running multiple logicastomizednetworks on a shared common physical
infrastructure complying with agreed Service Level Agreements (SLAs) for different vertical industry customers
(or tenants) and requested functionaés.

Concept of network slicing is a key mechanism for 5G networks, and -edl&€d specifications have been
developed by 3GPP from the beginning with the aim to supportterehd slicing mechanisms, allowing a UE to
connect to multiple network slicest the same time[13]

4.2.2 Mobile Edge Conputing

TheMobile Edge ComputindEG platform, as defined in ETSI GS MEC[02B offers an environment where

MEC applications may discover, advertise, consume and offer MEC saviis@glatforms can be deployed at
multiple locations in a network with the chosen locatidepending on various factors, including required
performance criteria (for example, latency), physical deployment constraints, scalability and use case
requirements.

4.2.3 NRPositioning

Release 16 extends NR to provide native positioning support by introdeéimdependent positioning schemes

NR enhanced capabilities provide valuable, enhanced location capabilities. Location accuracy and latency of
positioning schemes improve by using wide signal bandwidth in FR1 and FR2. Furthermore, new schemes based
on anailar/spatial domain are developed to mitigate synchsaion errors by exploiting massive antenna
systems.

The positioning requirements for regulatory and commercial applications are described inMm8GF885%11].

For regulatory use cases, the following are the minimum performance requirements:

1 Horizontal positioning accuracy better than 50 meters for 80% of the UEs.
w Vertical positioning accuracy better thamieters for 80% of the UEs.
w Endto-end latency less than 30 seconds.

For commercial use cases, for which the positioning requirements are more stringent, the following are the
starting-point performance targets:

w Horizontal positioning accuracy bettédran 3 meters (indoors) and 10 meters (outdoors) for 80%
of the UEs.

w Vertical positioning accuracy better than 3 meters (indoors and outdoors) for 80% of the UEs.
w Endto-end latency less than 1 second.

NR adopts a solution similar to that of LTE LPPar@mdBast Assistance Data Delivery, which provides support
for AGNSS, RTK and OTDOA positioning methodsPPRPositioning will extend LPFGASS assistance data
YSaar3asS o6FaSR 2y O2YLI OG0 a{{w YSiaibas&RATeEMNBYDLY %{ {
only positioning techniques are supported, where the positioning estimation will be done at tivaddl on
assistance data provided by the location sery&0]

4.2.4 NRV2X

NR V2X solutions complement existing LTE V2X solutions for advanced automotive industry $ghiiees.
Release 14 @2X introduced sidelink (V2V, V2I, V2P) to support basic safety use cases, Release 16 builds on
Release 14/15 by introducingNRbased sidelink that will enable new advanced safety use cases while also
paving the path for autonomous driving. Release 16 supports reliable and efficient multicast communication
based on HARQ feedback and uses distance as a new dimension at tiilptiysi f @ SNE stheFOR ¢Sy |
multicast groups based on distance and applicati@js.
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NR V2X is designed to coexist and internetwork with LTEIVR)urel0is shown example afualconnectivity
with V2X support¢ KS ! 9 Q& =+ Hon ot WK siziéllkds conkrolled and configured by the LTE or NR
Uu interface, while the UE is configured inBN mode.

- TNRVAXSL T
e

_— , G

LTE V2X SL
Figure1Q LTENR Dual connectivity with V2X support

B ;'}H:______ﬁ \
v .

In Figurellis an examplef NR standaloneetwork withV2X suppo® ¢ KS | 9 Q& +H - O2YYdzy A
sidelink is controlled and configured by theRjtkrough the NR Uu interfac§lO]

«“—p
LTE V2X SL
FigurellStandalone NR with V2X support
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5. Current 5GDeployment Plans &Readiness in Latvia, Estonia &inland

5.1 SpectrumRegulation and Availability

In November 201614], the Radio Spectrum Policy Group (RSPG) provided the first indications for the frequency
bands that can beised,and which are priority for the development of 5G systems: the 700 MHz ban@®.5he

GH (3.4-3.8 GH}yband and the 26 GHz band (24-2%,5 GHz)The 700 MHz frequency band is not a proper 5G
band, however, it is internationally recogaed as a band that can provide 5G serviegth wide coverage.
Nationwide coverage can be built withe 700 MHz band, but the narrowness of the band means that it cannot
implement highspeed 5G data transfer connectiofitie 35 GHz spectrum (34@@800 MHz) has been identified

in Europe as a key frequency band for the construction of 5G netfldks

In 2019, the latest International Telecommunications Union (ITU) World Radiocommunications Conference
identified new radio frequency bands for the InternatidrMobile Telecommunications Administration (IMT)
(4.2527,5 GHz, 343.5 GHz, 45:87 GHz, 47:28.2 GHzand 6671 GHz). It is more than the 17 GHz spectrum
available for the next 5G deployments, where 85% of it is globally aligned.

The European Union kalefined a spectrurharmongation plan for the three first bands concerned for 5G and

is leading in 5G band auctions worldwidgy March 2021, commercial 5G service is available2dbhmember
countries Figurel?2). The 700 MHz band has been assigned indfetmem: Austria, Denmark, Finland, France,
Germany, Hungary, Italy, Luxembourg, Netherlaasl SwedenSpectrum in the 3-8.8 GHz band has been
assigned iraccordance with 5G technical conditions in 16 countries (13 EU MS and in the UK): Austria, Belgium,
Czech Republic, Finland, France, Germany, Hungary, Ireland, Italy, Latvia, Portugal, Romania, Luxembourg,
Romania, Slovakia, Spain and United Kingdodhthe 26 GHz band has been assigned in Italy and in Fifil&hd

2 Countries with
5G commercial service
o o
= . )
+J 5G commercial service
g 33%
8 % No 5G commercial service
100%.
/o - o 100% % of operators offering 5G
% 33%
o 66% Pioneer bands
Dss
Pioneer bands & DSS
33%

Figure125G commercial service availabilitijarch 2021Source: 5Gobseratory.eu)

Latvia, Estoniaand Finland haveariedreadiness for 5@nd spectrumavailability (

Table8). All three primary frequencies have already been auctioned in Finlandhand is already available
commercial servicegn Latvia5G is provided at 8.GHzband butin EstoniabG is availdle on existing spectrum
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and 5Gbandswill be auctioned in 202(Table9). The countryby-country spectrum availability is detailed in the

following sections.

Table8. 5G strategy and bands follovup, September 2020

Country Frequency Channel width

band
Estonia | 700MHz | -
34 ¢ 38| -
GHz
26 GHz -
Finland | 700MHz | 60 MHzdividedto six blocks ofLOMHz
3.4 ¢ 3.8 | 390MHzdividedto six block®f 60 MHzand70
GHz MHz In the provice of Alandthree blocks of
100MHz
26 GHz 2.4GHdividedto three blocksof 800MHz
Latvia | 700MHz | 80 MHzdivided to eight blocks of 10MHz
1.5GHz 80 MHzdivided to fourblocksof 20MHz
3.4 ¢ 3.8 | 400MHzdivided ineight blocks of 50MHz
GHz
26 GHz -
Table9. Spectrum auctions and availability16]
700 Mhz 1.5GHz 3.5 GHz 26 GHz
Estonia - - Auction planned in -
Q22022
Finland Auction: 2016 - Auction: Q3 2018 | Auction: Q2 2020
Available: 2018 Available: Q1 2019| Available: Q3 2020
Latvia Auction: Q2 2021 | Auction:Q1 2022 Auction: Q3 2018 Under planning
Available: Q2022 | AvailableQ1 2022| Available: Q1 2019

5.1.1.1 SpectrumAvailability inLatvia

According to the stated objectives, Latvia is set to expand 5G mobile network along land transport corridors and
state roads and railways by 2025, covering road transport routes according to the definition of the Trans
European Transpt Networks (TEN) Figurel3), as well as urban areas with at least 50,000 inhabitants: Riga,
Daugavpils, Liepaja and Jelgava.

© 5GROUTE2®0 Page |30



D 110Report on 56ROUTES CAM deployment plan and losigen deployment strategies2.0

4

g

60km

Hosonorows  gomi
TENEC ()(,—mr..-mr.v,“(.yv(f,v.vml\.,t.n\, Credit: EC-GISCO, © EuroGeographics for the administrative bou
Figure13 TransEuropean Transport Network, Latvia

In Latvia 5G network development is carried out & GHz frequencywhich is divided into 50MHzequency
blocksand available to threNOs Available spectrum distributioshown inFigurel4.

LMT UNISTARS TELE 2 TELE2 | O Lo o LMT UNISTARS = .ccian

Figure1l4 35GHz spectrum availability in Latvia

The 700MHz frequency for the development of the 5G network is not availabieisagsurrentlyused forTV

broadcat i Ay3dd ! OO2NRAyYy3A (2 GKS abl GA 2yl freleasint LAtYidjthdl F 2 NJ
take place between 1 January 2022 and 30 June 202&ionof 700MHzband(703-733MHZ and758-788 MHz
spectrum)will be most likely carried o021, with network deployment MNOstartingfrom 15t of July2022.26

GHazwill be on offer, however,no exact auction plans and spectruimsve beerpublished.

5.1.1.2 SpectrumAvailability inEstonia

Existing 5G deploymertty Teliais carried out orits existingd LJS O NHzY G KNRdzZZ3K (GKS dza S
spectrum sharing technolodit 7]. Main reason fousageof 2.1 GHz instead of 5G pioneer spectrane the
issues on & GHz auctiorsuspended in April 2014 licences in 3.GHz frequencies initially expected likely in
2021, 700 MHz(703¢ 733 MHz 758¢ 788 MHz)and 26 GHz tenders scheduled later in 20Ré&spite delays
Estonia have a cleaim byto achieve 5G connectivity in major cities and in their peripheral redgrd23and
transport corridors by 2029n 5GROUTES$Broject scope Telia Estonkeave few possible scenarios regarding
bands andspectrun used forlarge scale and localized trigls]:

9 Trial licerces for 700 MHz and 8GHz bands

9 Usage of existing bands;

1 Commercially available spectrum if auctioiil e carried out.

© 5GROUTE2®0 Page |31



D 110Report on 56ROUTES CAM deployment plan and losigen deployment strategies2.0

5.1.1.3 SpectrumAvailability inFinland

700 MHzband in Finland wassaigned in November 201&hich is paired frequency band: 7Q¥33 MHzand
758-788 MHz. Band is divided by three MN@egerel10 MHz in lowepart and 10 MHz in upper paate available
for each of them(Figurelb).

DNA Pic* Elisa Jelia . Elisa Telia
== Corporation®  Finland" DNAPICE™  corporation® ' Finland®

Figure15 700 MHz spectrum availability in Finland

Until the end of 2018, the frequen&/5 GHzband was used in Finland for fixed wireless access networks, radio
amateurs and radio links. The entire&s35Hz band was auctioned 8eptember2018 for the construction of
nationwide wireless broadbandvith atotal of 390 MHzavailable to three MN§) a breakdown specified in
Figurel6andFigurel?.

S =R DNA Pic === El isa .
Finland - Corporation Finland® ' corporation® DNA Plc

Telia Elisa Alands
Finland Corporation Telekommunikation

Figurel7 3.5GHz spectrunavailability in Finland (The province of Aland)

In January 2020, Finland launched a consultation on the 26 GHz auction scheduled in the summer 2020. It
included spectrum from 25.1 to 27.5 GHz excluding the lowest 850 MHz part of the 26 GHz band. The auctio
took place on Junet 2020, and the current MNGOsElisa, Telia and DNAwere each assigned 800 MHz of
spectrum. Licences are national for mainland Finland. Elisa won the28®R1GHz frequencies, Telia the 25.9

26.7 GHz and DNA got the 227.5 GHZrequencieqFigurel8). The lowest 850 MHz part of the pioneer band
(24.2525.1 GHz) was reserved for local and/or regional vertical players and research & devdlagmen
educational usagerinland is the seconcbuntry to have auctioned 26 GHz spectrum at European level and the
fourth country at world level[16]
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Figure18 26 GHz spectrum availability in Finland

5.1.1.4 Frequencylordination

According to Radio Regulations, in radio region 1 of the International Telecommunications Union (ITU), which
includes Latvia and neighbouring countries, thebile radio service in the radio frequency band 34800 MHz

has primary status and the band is also allocated to international mobile telecommunications (IMT). On the other
hand, in the 3608800 MHz radio frequency band in the ITU Radio 1 region, thieilenradio service has
secondary status. Secondary service radio stations shall not cause harmful radio interference to existing or
planned primary service radio stations and shall not require protection of radio stations from harmful radio
interference.[19]

Applicable technical conditions and restrictions for the use of the radio frequency band38000MHz for

mobile and fixed communications networks (MF@he duplex (TDD) systems:

Conditions for radio frequency coordination in cross bosdegtweenLatvia ancheighboringcountries

Table1Q Frequency coordination in Latvia betweemeighboring countries[19]

Borderareawith Russia

The power flow density generate
by THE MFCN station shall n
exceed; 154.5 dB (W/(m2 x 4 kH
(or 22,3 dB n V/Im/5 MHz) at the
m State border.

The calculation shall be based
ITUR recommendation P.45P6
at 20% of the time, with Smoot
Earth terrain profile

Use under protected conditions:

The power flow density generate
by THE MFCN station shall n
exceed¢ 139,8 dB (W/(m2 x1
MHz) (or 13 dB p V/m/5 MHz) i
the limit of 20 m.

The calculation shall be based
ITUR recommendation P.45P6
at 1% of the time, with Smoot
Earth terrain profile.

Use under vulnerable conditions

The power flow density generate
by THE MFCN gian shall not
exceed; 154.5 dB (W/(m2 x 4 kH
(or 22,3 dB p VIm/5 MHz) at the
m State border.

The calculation shall be based
ITUR recommendation P.45P6
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at 20% of the time, with Smoot
Earth terrain profile.

* Secondary service radio statiol
shall not cause harmful radi
interference to existing or planne
primary service radio stations ar
shall not require protection fron
harmful radio interference from
primary service stations
Protection from radio interference
caused by other grants is 1

guaranteed
Border area with Lithuania,| The electromagnetic field value ofhe MFCN base station shall n
Estonia and Belarus SEOSSR oH R.>*kYxkp all |G o Y

According to ECC Recommendation (15) 01;RTt¢écommendatior|
P.15465 at 10% of the time and 50% of the sites shall be used fo
calculation.

As indicated in th@ablel0, Latvia must comply with very strict ruleear Russia border areastonia and Finland

have the samehallengeausing the upper part (360§ 3800 MHz)If better termsthan noware not agreed,
restrictions on the use of wireless broadband in Finland will be considerable, at worst a few several hundred
kilometers from the border. In the lower part (343800 MHz) of the frequency band, the use of frequencies i
Finland may be restricted around 1Rometersfrom the border.

Transnational FrequencyCoordination Agreements

The use of frequencies in the border area shall be determined by bilateral and trilateraboroles frequency
coordination agreements. Agreements witleighboringcountries are concluded with a view to agreeing the
conditions for the use of frequencias the border area and the principles of frequency coordination, which
ensure the use of frequencies without harmful interference froeighboringcountries, as well as facilitate the
coordination of frequencies witmeighboringcountries. These arrangemenshall provide for the level of
emission permitted in the direction of theeighboringcountries concerned and for oth@onditions andshall
specify the cases in which prior coordination of the base stations to be installed witleigjeboringcountryis

to be carried out. In cases where there is no international frequency coordination agreement on conditions for
the use of frequencies in the border area, countries shall be guided by the Rules of Procedure of ITU Radio and
shall use the relevant CEPToenmendations to address technical issyés]

5.2 CAMLegislative FFramework

The European Commission has fodlgognizedhe importance of 5G for future mobility solohs and embraced

the deployment of 5G technologies including both network and direct communication in transport as a European
public policy priority.

A legislative framework dedicated to the approval of automated vehicles in the EU does motistét & A (1 Qa
complex issue by involving not only automotive and telecoms physical and digital infrastructure, but also
communication technologies, and cooperation amongst differentgiems.
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However, existing EU legislation is to a large extent already suitable for the placing on the market of automated
and connected vehicles.
There areelevant public policy initiatives that have already been adopted at EU level

1) The 5G Action Plan for Europe (5GAF)16)[40], calling for action to ensure that the EU can use
advanced5G connectivity as a strategic advantage to lead in digital transformaitioparticular,in
vertical industriesThe action plan set out a clear roadmap for public and private investment on 5G
infrastructure in the Eldndall main transport paths iall Member States by 2025.

2) The European Strategy on Cooperative Intelligent Transport SysteiiSY2016) [41]isone of the key
ECstrategic documentdor developmentof cooperative, connectedand automated mobility. The
objective of the @TS Strategy is to facilitate the convergence of investments and regulatory frameworks
across the EU, to see deployment of maturd'S services in 2019 and beyo@dT Sequires vehicles,
traffic signs and motorways to be equipped with technology to send standardized
messages to all traffic participants around them . This cooperative element is expected to
significantly improve road safety, traffic efficiency and comfort when driving, by helping the
driver to make the right decisions and adapt to the traffic situation.

3) The399! az2o0Af Ade t I O 3@018[82}definingsn idtegratadipblicy domdsEre a
smooth transition towards a mobility system which is safe, clean and paves the way to connected and
automated mobiliy.

4) The new European Electronic Communications (2028)[43] - EEC@nhancesthe deployment of 5G
networks by ensuring the availability of 5G radio spectryrovides operators with investment
certainty and predictability for at least 20 years in terms of spectrum individual licefagilates the
deployment of 5G networks by iducing a lightauthorisation regime for smatharea wireless access
points, etc.

5) The European Strategy for Dat2020 [44], which proposes to set up common data spaces for key
sectors health, the environment, energy, agriculture, mobiligd transport finance, manufacturing,
public administration, and skillas well as a legislative framework on data sharing and governance.

6) The European Green Dg2019 [45] provides a roadmap to turn the EU climate neutral by 2050, by
boosting the efficient use of resources by moving to a clean, circular economy and by restoring
biodiversity and cut pollution. Thiscludes measures for rolling out cleaner, cheamard healthier
forms of private and public transport.

7) The European Industrigbtrateqy (2020 [46] aims to deliver on three key priorities: maintaining
European industry's global competitiveness and a level playing field, at home and glatiting
Europe climateneutral by 2050 and shaping Europe's digital future. This includes supporting sustainable
and smart mobility industries.

8) TheCooperative, Connected, Automated and Autonomous MobiZAM Single Platfornj47], first
presented in June 2019, aims at advising and supporting tlie &@gen road testing and making the link
to pre-deployment activities. This is done through the coordination of CCAM research, piloting, testing
and deployment activitie® increase their efficiency and effectiveness as well as integrate existing fora.
CCAM alsaddress issues related to data access and exchange, digital and road transport infrastructure,
communication technology, cybersecurignd road safety.

9) 5G Strategic Deployment Agenda for Connected and Automated Ma@iySDAM8] - The 5G SDA
presents a common vision for investing in-8systems in the fld of Connected and Automated
Mobility and identifies the key drivers for accelerating infrastructure-eall. It will serve as a basis for
the upcoming privately as well as publicly supported deployment projects in this field with a particular
focus on he upcomingConnecting Europe Facility2gitalprogram

10) Connecting Europe Facility programme (CEF2 Digital) for2022[49] - aims to support and catalyse
investments in digital connectivitjor accelerating private investments in 5G infrastructure along

A % 4 A x
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TheforeseenlLddzo f A O Fdzy RAy3d F2NJ 6KS pD O2NNAR2NB oHAff
finances. This supportive public policy context creates a favourable environmesntourage private
investments in large scale deployment of 5G infrastructures, paving the way to future autonomous
mobility. The initial goal of CEF Digital is to stimulate investments into a network eEpampean 5G10
Corridors for Connected and Autoied Mobility as a first strategic step towards large scale deployment
of 5G for CAMand other high value services related to connected vehicles, road operation and overall
smart transportation.The estimation fothe next five yearss - more than 70% of aw vehicles and
other mobility devices will be exchanging data with external sources, bringing new services and business
models to automotive and transportation markets.

11) Directive 2007/46/EC, modernised in 20@pplicable from 1 September 20R0egulates how new
vehicles should operate and be designed. Within the EU,qmagkiced cars may only be used on public
roads if they are typ@approved in compliance with the administrative procedures and technical
requirements established by the Directive

12) Guidelines on the exemption procedure for the EU approval of automated ve(20i#9) [50] published
by the Technical CommitteeMotor vehicles (TCMV) of theuropeanCommissionThe goal of these
guidelines is to harmonize the practice of Member States for the nationdloadassessment of
automated vehicles and to streamline the mutual recognition of such assessment, as well as to ensure
fair competition and transparency. The guidelines focus on automated vehicles that can drive
themselves in a limited number of driving situations (Levels 3 af&MAE)According to theGuidelines
the Member State may grant a provisional approval to the vehicle type, valid only in its territory,
provided that it informs théeC and the other Member States thereof without delay by means of a file
containing the 6llowing elements: (a) the reasons why the technologies or concepts in question make
the whole vehicle type incompatible with the requirements; (b) a description of the safety and
environmental considerations concerned and the measures taken; (c) a dascrigf the tests,
including their results, demonstrating that, by comparison with the requirements from which exemption
is sought, at least an equivalent level of safety and environmental protection is ensured. The
Commission shall decide by means ofraplementing, whether to allow the Member State to grant an
EC typeapproval in respect of that type of vehiclénder the Guidelines, the manufacturer shall declare
to the typeapproval authority the scope of the automated driving mode where and when the
automated driving system is designed to operate. This shall include at a minimachconditions
geographical area, environmental conditions, speed range; other conditiamsnust be fulfilled for
the safe operation in the driving mode.

Figurel9 outlinesthe overview of Elstepsfor development ofCAMdeploymentslegislationacts within
timescale.
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STEPS TOWARDS THE DEPLOYMENT OF AUTOMATED DRIVING IN THE EUROPEAN UNION
Automated lane keeping systems (ALKS) on motorways Post-ALKS use cases
TECHNICAL Further through as required (eg 1SO 21434 on CSMS)

SPECIFICATIONS

Vehicle interaction with dynamic traffic management systems and law enforcement

EDR

EU implementation or
SAFETY & SECURITY Cybersecurity and software update reference to UNECE Regulations
SPECIFICATIONS on safety requirements

DSSAD

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

B Further clarification / evolution of UNECE road traffic conventions (resolutions, annexes, amendments)
Review, adaptation and harmonisation
of required regulatory framework at
international (UNECE), EU and
national level

- Revision of the EU type approval Regulation

IMPLEMENTATION m Harmonisation of road traffic laws in EU member states to support harmonised national frameworks

FRAMEWORK
Article 20 exemption as foreseen by EU type approval framework
EU product liability regime
Adaptation of physical and digital infrastructure for the deployment of higher levels of automated driving
INFRASTRUCTURE
ROLL-OUT

Performance of large scale, cross-border testing on open roads

Figure19 Steps towards the development of automated drivingn European Union

The 5GPPP Automotive Working Group and the European Commissiato@@&entd5G Strategic Deployment
Agenda for Connected and Automated MobilityirdzNE LIS ¢  theSripdditedihe @gulatory environment
oninnovativebusiness approaches aimntentivizeinvestments in mobile network expansion for CAM

1 different network sharing options

I coinvestment approaches

1 spectrum needs harmosation of assignments and reasonable conditions

9 spectrum license duration amather administrative ways to support and ease 5G roll out (e.g.

permitsauthorisation).

The evolution of the crossorder coordination scheme between mobile network operatardl ensure
improvementsin connectivity and eventuallyseamless handover between networkscauntry borderslIt will
be important to both exploit all possible and appropriate regulatory optiand maintain regulatory flexibility
to enable CAM and further innovative mobility pasitions. In thiscontext, it is anticipated that th€CEF
programme will offer concrete opportunities to test, in a "saooix " scenario environment, new regulatory
approaches supported by the modernised telecom rukesonsiderationof the regulatory emironment is
compliance with competition rules when CilaRding will be used.

With CEF funding, the differembodels and supporting arrangements need to be consistent with competition
principlesto avoiddevaluing or crowdingut private investments.

Whenthe particular use of CEF funding is being considered, cooperation arrangements involgasj tto or
more undertakings from the same or different sectors may have to baugetccordingto specific models
regarding the sharing of passive and active infrastructure network elements, farsas they may have
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implications on the level of investments required to deploy. Moreover pitogect may involve different funding
mechanisms and financial instrumenits;luding resources froithe Member StatesThere is theneed to identify
criteria to ensureconsistency with EU competition law principles applied to-f0Réfed projectsespeciallywith
respect to antitrust and stataid rules.

5.2.1 LatviaCAMLegislation

Recently Ministry of Transport of the Republic of Laf\ig] K I & R S @réahspdrifevelopment guidelines
for 2021202 [52], what determines thefollowing CAMdirections related to 5@ROUTERroject objectives:

1) Provision of multimodal public transpos.g.mobility points);

2) ITS use and digitition opportunities- 5G along VIA Baltica and RailBaltica;

3) ontinuation ofimplementation of the Rail Baltica project (indésign of regional stations);

4) Continuation ofprovision of mtional main roads (TEN network) and regional roads (Regional

accestility);
5) Development and implementation of a mieneobility development plan

In the beginning of 2018atvian stakeholders of transport industhave elaboratedd DdzA RSt Ay Sa 2y
Ldzi 2 YF GSR + SKA (B8], Svhat via@dogted byt AV$i&té/ of TranspoiThe Guidelines set out
requirements for testing automated vehicles on publicly accessible roads in Latvia, thus reducing the potential
risks associated with the participation of such vehicles in traffic.

Within Interreg BSR programr@garoject SohjoaBaltic[51]F & G dzReé awSa Sl NOK 2F [ S3l €
Testing and Implementing Automated Vehicles and Their R¢h2 @as @ccurred Work is currently under

way to identify the exact routes in Aizkraukle and Jelgava cities, where a pilot project launching an automated
bus could be carried oy80].

I O02NRAY3 G2 a¢KS w2l RYIFL (2 ! dzi2T™e ieGaRFraméndiestingh O { K
developed by IKEM Institut fur Klimaschutz, Energie und Mobilitat ewithin BSR Sohjoa Baltic projgbt],
automotive vehicle technology does not require speaiathorisation if vehiclecontrol can be assumed at any
time by a trained and licensed test driver or driver and operatioraccordance with the Guidelines for Test
Vehicles, vehicles must be:

9 suitable for participation in traffic, compliant with all vehicle requirements, and usedaffic in a

manner that does not violate the requirements of regulatory enactmetgerning traffic;

1 equipped with a manual control mode;

9 shown to have successlulperformed testing on closed test routes or in test areas

1 the legal entity responsible for automated vehicle testing must have adequate insuwaverage.

The driver must be in possession of a valid drilizensefor the relevant category, correspding to the vehicle

type. The test driver and test vehicle operator must have at least five years of experience as a driver in the
appropriate category. The driver and operator of the test vehicle must also submit information to the legal entity
organizingthe test, and their driving history must indicate that they do not pose a particular risk to other road
users.

Standards for the vehicle operator and vehicle driving: During the testing of automated vehicles on public roads,
the vehicle must be monitoredt all times by an appropriately trained and licensed test driver or test vehicle
driver and test vehicle operator who can assume control of the vehicle as necessary.

The guidelines set out a series of obligations regarding the competence of the test driver and test operator,
including comprehensive knowledge of the technologies used in testing, as well as the capabilities and limitations
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of these technologies; knowledgof the test vehicle; and recognition of the situations in which it may be
necessary to interfere in vehicle operation. Under the guidelines, the legal antignizingthe test must
establish rules for the test driver and thehaviorof the operator oftest vehicle and ensure that they are known

by and understandable to test vehicle drivers and to the test vehicle operators; it must also ensure that the test
driver and test vehicle operator are competent and have received proper training. The trairiiregtest driver

and the test vehicle operator should include practicaaimalyzingpotentially hazardous traffic situations and
taking appropriate action to assume control of the vehicle. In the training process, attention should be paid to
the transition from traditional manual to automatic contr§0].

5.2.2 EstoniaCAMLegislation

In Estonigd57], automated vehicles (SAE levet8PDcan be tested in road traffic using a test plate certificate.

1 These vehicles must have a driver, either within the vehicle or acting remotely, who is responsible for
the vehicle andakes control of it if necessary.

9 Testing can take place on public roads ofrotd.

1 The Road Administration can issue a testing permit for six months with the possibility of an extension.

1 The Road Administration requires manufacturers to follow Bt Directive 2007/46 at least in its most
important parts, e.g. with regard to seat installation, safety windows, break acceleration, door €losing
F2NOST SYSNHSyOe fAIKGAX NBTFESOG2NRI fAIKG Ayadldl

Thete are no specific requirements for automated vehicles. A driver is legally responsible for following traffic
NHzf S& yR F2NJ SyadaNAy3a (KFd GKS @GSKAOf SQa G§SOKYyAO!

5.2.3 FinlandCAM Legislation

Under national law58], every vehicle must have a responsible driver, but in tests of automated vehicles, the
driver can be either inside or outside the vehidikgthe situation in Denmark and SwedenheTterm driver

does not have a legal definition in Finnish law.

In Finland, testing of automated vehicles (SAE lev@} i@ possible in road traffic using a tesdte certificate.
Finland's technologfriendly licensing practice allows autonomous vedscko be tested on public roads
provided that a permit has been issued by the Finnish Transport and Communications Agency TF&diboom
grants test plate certificates based on an application by a testing organisation.

Test plate certificate entitlene bearer to drive test vehicles, to a limited extent and on a temporary basis, both
in road traffic and off road, under the conditions detailed in the test ptadificate. A Trade Register extract
FNRY (GKS O2YLI yeQa O2dzy i NB threefmorithg 6@ Ndsi2bNlappended to yhe (i Y
application. NorFinnish basedrganisationsneed to apply for a Business ID with the Trade Registget a
Finnish traffic insurance for%arty liability.

The applicant must also enclose a trial pilaat includes:

I 3SYSNIf RSAONARLIIAZ2Yy 2F (GKS OGNARIfaAx
G§SOKYAOLFt &LISOATAOFIGAZ2YA 2F (GKS GSad @é AOt Sax
AYF2NXEGAZ2Y 2y GKS NRFIR FNBF 6KSNB GKS (GNRIfa | NX

LINE2F 27F AY 4 dpbidy jabildy, ad®2 S NI F2 NJ 0 KA NR

I RS & ONMX L¥itd ehsire 2odd safedy| iriclddids cybersecurity and privacy handling.

The draft plan has to be sent to Traficom, and, dependent on the feedback, Traficom will provide the permission
for an online application. The test permit is normally valid for 1 wesigl for the use mentioned in the trial plan,

and includes obligations fofrée formai) reporting., and can be renewed automatically.

geegee
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5.3

Investment Plans & Models

5.3.1 EuropeanCommission Study on CEFRCost ofDeployment of 5GCorridor

According to the interim finding of a study conducted by a team of independent consultants BCthsupport
the implementation of CEF Didif81], these four scenarios will beonsideredn 5GROUTESroject:

1.

Minimum scenario a scenario based on the critical data that should be transmitted in any traffic
conditions. The reference is the minimum bitrates observed on the current tests. Usetltatsejuire

additional services, such as the video visadilbn to improve driver comfort and to reassure him, are

not considered as critical services during the busy hour (baay: the worst traffic conditions meaning

almost 200 vehicles per km onghiway). However, they will be available in more flexible traffic
conditions. Under this scenario (equipment every 4km), the total investment required to cover the
HeZnnnlyY [/ 9CH O2NNRAR2NR g6Aff 0SS eynnY knifdr®2l I LIND
FYR I LINAOS 2F emMTtInnnklY F2NJ +Hbd ¢KAA& $2dAf R NJ

Classic scenari@ scenario based on the critical data that should be transmitted in any traffic conditions.

The reference is the average bitrates observed oncilireent tests with the possibility to have main use

cases at the same time (the majority are not alway$. Under this scenario (equipment every 3km), the
G20t Ay@SadyYSyid NBIdzZANBR gAff 0SS edpyyY SNGK |
HL FYR F LINROS 2F ennzZnnnklY FT2N) +tuHbd ¢CKAA ¢2dz

I+

Breaking scenarioa scenario based on all 5G CAM use cases, including those that are more specifically
designed for the driver (and not for the unmanned algorithm) lnose that are designed for the V2V
communication, V2N2V as a fallback. It @snsiderduture services that will require higher bitrates and

have not been tested yet. With this scenario (equipment every 1 km, bitrate of 30 Mbps), the total
investmentregizA NER gAff 0S enIptyY AGK | LINKOS 2F emp
FYR I LINAROS 2F etnZnnnklY F2N) +tHbd ¢KAA @g2dzZ R NJ

Future Proof scenarioin this scenario, the network will support any conceivablaifetservice,
0SIdALIYSYd SOSNEBE nodn {YX OAGNI OGS 2F wmnn aollaovsz
LINAOS 2F empZnnnklyY F2N) FAONBET | LINAROS 2F emnzIn
g2dzZ R NBLINBaSyd | G2a04lf 2F enumnInnnkl Yo
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MINIMUM CLASSIC BREAKING | FUTURE PROOF
5G Scenario 5G Scenario 5G Scenario 5G Scenario

Existing Backhau!
along 5G corridors
k€/km

mE

50% available 20% available

1 Mbps 2 Mbps 30 Mbps 100 Mbps
Average Average
CAM use case bitrate bitrate bitrate bitrate
in highly trafic | in highly trafic nomal normal
period perod conditions conditions
Available 700Mhz & 3500Mhz,
Frequencies 260Mhz nationwide BW
Multi-operators Standalone
S Moswt & Active Ran Sharing & Passive Ran Sharing
Inter-site distance
=4 km =3 km =1 km =0,4 km
evaluated
Site cost 90ke
(& installation)
5G corridor dist. 26 000 km
Existing radio sites
5G site upgs

TOTAL 5G V2N COSTS

RoadSide Unit cost
(& installation)
Distance between
two RSU

5G corridor dist.

3 km 2 km

TOTAL V2I & V2N COSTS 800 988 2578 5460

Figure20. Deployment costs estimation for 4 scenarios

The figures in the table above only represent a first and generalised indication which will vary across member
states and regions (e.g. cost for civil works) and significantly depend on the specific topography and the
availability/reusability of legacy mdb network infrastructure, i.e. existing 2G/3G/3G/4G sites of mobile
network operators and the various network grid structures deployed so far. A refined model has to reflect that
the requirements for ITS and CAM services have to take into account #a&Qborridors and each corridors
sections have different numbers of vehicles on average and during rush hours, which could be grouped into
traffic demand scenarios. This will lead to a more differentiated model for addressing the traffic demand (physical
and digital) by 5G network deployments without significant overprovisioning and associated costs.

5.3.2 BusinessModels for Gross-border Environment

Possible bsiness models from for cross border environment described bedéevred from5G PPRutomotive
WorkingGroup materiabBusiness Feasibility Study for 5G V2X Deployér(261.9)[32].

The building blocks of 5€nabled CCAM solutionsn icrossborder environments integrate multiple

telecommunication and computing technologies. From a business point of view, these elements are developed
and/or managed by different stakeholders that will participate in the value chain (e.g., AutomotipieBsip
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Telecom Equipment vendors OEMs, MNOSs). New roles and business opportunities will be identified for different
usecases and cross border scenaridsecases are some of the main drivers for the development of business
models, business casegalue chains, and strategic decisions.

In a crosshorder environment, new relations between market players will be established. For instance, new
services definition and how connectivity can affect them by enhancing or enabling them for deployment.
Busiress model examples, where the evolution from a linear value chain to a-linelir relationship model
might be expected. New neutral operators for dedicated AD and network functions (e.g. MEC service, RAN
sharing, ToD) mawrise, as well as adaptation @afccounting and payment models in an intgperator
environment for mixed markets and different use cases.
The cost of deployment of the 5G technology to be used in any CCAM use case shall be divided in three fractions:
1. Cost of 5G network deployment (CapiExpenditure CAPEX)
2. Cost of HW and SW for the embedded telco system in the cars (CAPEX)
3. System operation (Operational Expenditust@PEX)

The adoption of new business models for CCAM will help to identify appropriate financing schemes for 5G
enabled tansportation solutions, revenue allocation and procurement models.

5.3.3 Infrastructure and Network Sharing Models

The cost of deploying and operating 5G V2X for providing CAM and other Intelligent Transport System (ITS)
services will be very high and challemgto be carried by one single network provider, e.g., a single MNO or
Road Infrastructure Operator.

Four different network sharing models aradescribed[32], according to the level of sharing of network
infrastructure, network functionalities and radio spectrum between different network operators. A possible
scenario is sharing more extendivatan earlier phase, followed by independent and separate investments by
each operator. These modelswillt&oE A &840 | YR ©6S dzaSR I O02NRAYy3 (2 (GKS |
models have significant implications on the required investments tdayepnd operate 5G V2X networks and
the savings in CAPEX and OPEX with regards to the baseline of no sharing based on the estimates provided by:
1) Passive infrastructure sharingach network operator deploys its own network in the service area.
Only passig infrastructure elements are shared between operators, e.g. space, masts, power
generators, and air conditioning equipment. These elements could be deployed by Road
Infrastructure Operators, a joint MNOs venture or thpdrty infrastructure providers. Siags: 16%
to 35% CAPEX and 16% to 35% QPEX
2) Active infrastructure sharing excluding spectrum sharictive elements of the cellular network
such as base stations are shared. Each operator is still transmitting on his own spectrum. Savings:
33% to 35% GZEX and 25% to 33% OPEX
3) Active infrastructure sharing including spectrum sharengive elements such as base stations are
shared. One single operator operates the dedicated spectrum. The RAN connects to the core
YySGg2N] 2F (KS O Keieht MROE Erectd.[S&/NFs: B2 46% KAPERaN 30%
to 33% OPEX
4) Core network sharingelements of the core network are shared by more than one network operator.
Savings: the savings corresponding to just sharing elements of the core network attedegsvery
low. If the sharing agreement includes some aspects of the RAN, then the savings are similar to active
infrastructure sharing including spectrum sharing model.
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National roaming can be considered a form of active sharirthidrway sibscriberscan roam to other networks

within a country (e.g., in case coverage is provided by an exclusive operator in a locality). As in the general
international roaming case, theonnection goes to the core network of the exclusive operator before going to
GKS O2NB ySig2N] 2F GKS GArarid2NRa 2LISNI G2NTF GKAA& A,
delays if used as the default roaming option. Other alternatigash as Local Breakout should be considered for
latencysensitive services. In addition, international roaming should be supported especially for cross border
corridors.

Any type of sharing will require a certain set of agreements between network apstatlated to the passive

sharing (also on a lease base), active sharing involving a joint deployment, agreements of using other network
2LISNF G2NRa ySig2N] F2NI I &aLISOATAO (SOKyz2ft23& 6Sod3I
Moreover,they need to be in line with the regulatory frameworks in each country. This implies both telecom
regulation and any possible concerns from the competition authorities.

Additionally, backhauling options and other possible sharing models are envisapgiel.cértain areas already
count with opticalfibre backhaul deployed along roads, commercial agreements are sometimes unfeasible to
allow sharing mechanisms for sufihre access. In any case, sharing options should be encouraged to reduce
additional depbyment costs; for example, if a road operator owfilsre backhaul infrastructure, it could
collaborate with MNO(s) to cover different geographical segment.

5.3.4 Charging andRevenueModels

The revenue models for the 5G V2X deployment are highly dependertvenues generated on the application

level.At 5G PPP Automotive Working Group stddy dza A y Sa &8 CSIF aA oAt A (e [37X deRS &F 2
LJS NJ dz& Sstcon¥ideiRd® Bstimate the network revenues. In pay per use, it is considered that a fee is paid
every time a section of a road is usdiétg toll feeson highways). Qter options include onéime payment; in

this case, it is assumed that users pay an intermediafframt fee that guarantee service subscription.
Recurring subscription (with fairse policy) is also an important and likely model.

The monetsation fromthe network is highly dependent on the services enabled by connectivity. For example,
in-vehicle applications focus on infotainment (e.g., audio/video streaming). However, they are expected to cover,
through virtualgation and artificial intelligence, otheuse cases requiring isolated software execution
SYGANRYYSyiGa IyR aSOdzZNBE AYGSNI OUGA2yYy 0SiaafdBgfuatbréILI A O
Such approacfaciltatescreation ofnew business opportunities fenunicipalities, insuranceand other service
providers, as well as road and connectivity infrastructure owners.

Ideas for usiness setup

Tomake a deployment evaluatiothe followingassumptionsare made

1 The network deployment investment is done hyecactor. Foexample this actowill be anetwork operator
(it could be a traditional MNO or potentially any actor, such as a road operator, willing to invest in network
deployment).

1 The network operator might have the possibility to reuse physicahsitifiucture (such as towers, power
supply orfibre network) from a road infrastructure provider.

1 CAM services might be provided by road operators, OEMs, MMO#her service provider to have this role.
It isnot necessarily the same actor in charge & ttetwork deployment and operation.

1 The CAM service provider receives a fee from end customers. It could also be envisaged that service fees are
indirectly covered by OEMs in their service offers to end customers.

1 The CAM service provider will then pafea to network operators for the provision of connectivity products
and addeadvalue services. This is the main revenue source considered in the analy$igure21 describes
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a paential business scenaridlso, other businesssetups are feasible depending on the market conditions
and the regional or national interestas well asegulatory frameworksn the country.

¢ CAM Service fee

End Customers CAM Service Provider

Enjoys CAM and other Uses high amount of data to
services provide their services

Pays CAM service fee » Pays communication fee

Connectivity fee for CAM Service

Network Operator Road Operator

Invests in network il Makes investment in road
deployment e infrastructure
Revenues for the network = ... Optionally shares its road
services [ infrastructure
l Center focus of the cost and Passive infrastructure sharing
profit analysis (e.g., masts, cabinets, fiber, etc)

Figure21 Main busiress setup for the network operator deployment analysis

5.3.5 EU Runds andinvestments in Latvia

Latvia has made progress on the goals of the national broadband strategy fe2@20f4], which include the

Digital Agenda for Europe targets and the Gigabit Society objectisgga has been among the EU frontrunners

on fibre and 4G deploymerso far It has the highest fibre to the premises (FTTP) coverage in the rigtalin
FNBFa ocdi20X | YR 0SAY Bythe gdxtigenkratigan@d&ess (KGA) @ye@de inlthd SHele 3 S
country (91%).

The main objective ahe broadband strategyas to reduce thaligital divide between urban and rural areas
Bridging the digal divide remains a challenge, despite the progress ensured biurteleéd projects. Some
LIN2EINBaad Ay O2@0SNF3IS KIAYHEBSYLINE RBSOUBRNRAHAKY QKB TN
deploy optical cables and optical network access pointddogs that currently have no broadband access and

no plans for commercial deployment. At every access point, operators have the opportunity to create a local
f221L) 0GKS Wil ald YAESQU dziAfAaAiayd GKS yQoAyBGaaNByi
companies are, however, lacking in some parts of the country. Further efforts are necessary to close the last mile
gap.The middle milgorojectis critically important to the development and stability of the last mile networks.
However, lov income and population scarcity in rural areas cause low commercial interest for deployment of
the last mile. Latvia is making further efforts to reach territories not covered by the current State aid programme
and to bring the middle mile as close to euskers as possible. This will make deployment of the last mile more
economically attractive for electronic communication operators. The middle mile and last mile development
measures, including State aid, will be evaluated and included in the broadbantbp20212027.

The national5G Roadmapin Latvia[54] was approved by the Cabinet of Ministers in February 2G2mr
objectives were defined withirmplementationof 5G Roadmap in Latvia
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1) Timelyharmonization of radio spectrum bands for use in the provision of 5G mobile networks

Since 201%he 3.43.8 GHz band has been awarded 5G mobilecommunication. The 700 MHz band is
currently used for TV broadcastingigital terrestrial television@TT) by Tet whose rights of usepire in 31
December 2021. The use of the 700 MHz band for wireless broadband is planned for 2022, with auctions
expected between end 2020 and n221. Advances in allocating this band depend on the DTT migration
and thefrequency coordination (to avoid mutual interferences) with Russia and Beld83.33 MHz / 758

788 MHz bands will be allocated for wireless broadband services and could be used fdP Ruétiton and
Disaster Relief (PPDR) system based on agreem®&RDBR system owner and electronic serpiee/iders.
Allocation of 733736 MHz un 78891 MHz bands for Internet of Things (IoT) will be subject to consider in
the nextsector policy plan making periotintil the end of 2020 a part of 26 GHz spectrum band will be
allocated for the use of mobile communication servidé#hile spectrum bands above 24 GHz are already
used for 5G tests, realizing the allocation of substantive frequeesyurces between 24.26Hz and 27.5
GHz for 5G still requires coordination with the militargtvia is one of the frontrunners in preparation for
the deployment of 5G, ranking 5th on the 5G readiness indicator, with 33% of 5G spectrum assigned.

2) At least one large city must tselected in each EU Member State, where 5G availability must be ensured
by the end of 2020;

Using radio spectrum of 3.5 GHz and higleeprovided f | & { 5GYnbHiléSnétork base stations may be

required every 350 m in urban streets and every 500 nsidet urban roadsConsequently, the planning of

5G networks is different and more complex than the planning of 3G or 4G networks.

3) By 2025 continuous 5G coverage must be ensured in all major cities (in Laévi®Riga, Daugavpils,
Jelgava and Liepaja);
Currently commercial 5G services are available in the two cities in Latvia: Jelgava and Daltgsvpils.
important to develop the construction of a 5G mobile communication network in those municipalities whose
territory is crossed by TENroads or wher@a TENT port or airport hub is located in the vicinity of an urban
area.
4) By 2025 the availability of 5G must be ensured along all main land transport routes, including the nodes
of Latvian ports and airports (iB.l dz3 | GLIAf 4 [ ASLInal > wo3dl > +SydalLh
The Baltic States envisage the gradual implementation of 5G networks on the Via Baltica to improve the
interoperability of connected vehicles, as well as to connect the Baltic States with other important European
transport corridors. An important element ¢he commitment is to ensure crogsrder cooperation so that the
systems set up operate without restrictions, both in border areas and throughout the transport corridor. The
vehicles will mainly use 5G networks for mutual data transmission and commionicaith the surrounding
infrastructure, as well as for the collection of data from different types of infrastructure sensors for further
processing.
Particularly 5GROUTESVP3 and WP4tasks through the use casesand crossorder trials where project
partners: TELIA, Eg$son, LMT, EDPVrole isessential, will provideontribution in 5G Roadmap implementation
at European level.

EU Projectsn Latvia

During2014-2020Latvian beneficiaries participaden 11 Connecting Europe Facili(¢EFprojectsin the field

of transport andreceivele Hy o ®c YA f £ A 2 y -fuhdihg, (o8t whichid yTaL @I Y Ad2f A 2y C
(KS /2KSarz2y SyodSt2L803 sAGK AydeOadysSyida Ay (KSas |
Additionally,3 projects are located in Latvia but without the involvement of Latvian beneficiaries. prasets
correspondi 2 | G2GFf 2F etndm YALfAAWOISHEIYSY (¢ NIFY & Ld MId ¢F
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Figure22 Overview of CEF funding in Latvia 202820

1) 5G infrastructure and Via Balticgateway
In September 2018 Estonia, Latvia and Lithuania signed a memorandumderstanding where they agree to
cooperate on the deployment of the 4G+, 4G ++ and 5G network along a sectiba @fa Baltica: Tallinn
(Estonia); Riga (Latviag Kaunas (Lithuania) Lithuanian/Polish border in order improve roadfety, to foster
sugainable mobility and innovation in transportation systems and test autonomous vehldledMemorandum
of Understandingvas signedn 28 Sept. 2018 in Riga at the 5G Techritory event. Although focused/aK,C
elements of the Rigdallinn segmenbuild upon Smart E67 project (ITS).

In September 202Qatvia, LithuaniaEstonia andPoland have signed a memoranduror cooperation in
introducing 5G and Connected and Automated Mobility (CAM) solutitims signed memorandum apprave
roadmap for the construction of 5G and CAM corridors along the Via Baltica transport thoroughfare connecting
the four countries.The 5G networkis an important stimulant for innovative transport solutions and the
improvement of traffic safety in the Ntir SeaBaltic Sea transport corridor.
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In line with the EU's targets for the availability of 5G along major land transport routes, the right to use the 700
MHz spectrum band will include a condition for the provision of 5G coverage along major land ttmEdor)

roads. Baltic expert working groupse working on the issue of providing the Via Baltica (E67) road with passive
broadband infrastructure to create the preconditions for 5G connectivity along the entire road have identified
the location of exiing fiber optic cable networks along the international rodke Latvian section of the Via
Baltica (E67) motorway, while also identifying the availability of electricity infrastructure and the coverage of
mobile base stations. Based on the identifiedomfiation, preparations are underway for the project
implementation.

2) Rail Balti@ project [55]
The Rail Baltic project is tHargest Baltieregion infrastructure poject financed byEU CEF progranenwith a
goal to integrate the Baltic States in the European rail network. The project includes five European Union
countries¢ Poland, Lithuania, Latvia, Estonia and indirectly also Finland. It will connect Helsiim, Pélnu,
wA3lZ tlyS@gSOeas Yldzyl &as +AfyAadzaz 21 NBElF6d ¢KS .t
Baltica Global ProjecRail Baltic isthelpNIi 2 F G KS 9! QA&-T coRidedivith lefgdlof 870kni, G A O
max. speed: 249rk/h (passengers), 120 km/h (freigh&nvironmentally friendly¢ powered by electricity,
produces less noise and vibratiandwill be equipped with 5G technologies.
The total estimated cost of the rail Baltic project is 5.8 billion euro in all three countries afidagldingis
projectedat 85%.In December 202thnovation and Networks Executive Agency (INEW)jointventure of the
Baltic States RB RaIS signedwo additional crosdorder Grant Agreements on the Connecting Europe Facility
(CEF) funding for Rail Baltica. The total budget of these two Agreements is 214,3 million euros, of which the CEF
contribution will be of a maximum amount of 182,2 million, catusing 85% of the total eligible cost$his
additional CEF funding will enable the project to further advance construction works in the key passenger
terminals in Estonia and Latvia and ensure the construction of further main line section from Kauaesstthe
Lithuanian¢ Latvian state border. Furthermorghe additional CEFunding will allow to progress with the
development of the key railway subsystems, planning and design of regional stations and infrastructure
maintenance facilities for all threBaltic States
During 2020 the maiperformed Rail Baltiactivitiesin Latvia were: iRIX construction (Il phasei) Riga central
Station constructiorfll phase)iii) Riga main line constructigiv) Salaspils intermodadieight terminaltechnical
dedgnregional stations desigand v)land acquisition (Il phase)

3) Construction of Kekav@ Bypass
The construction of Kevageypass(part of Via Balticproject) is thefirst the publicprivate partnership (PPP)
project, A YLX SYSYiSR 0@ a[ | $dfiedlled to{bégin inShe se2ondRqudrter bofy26The
estimatedtotal budgetfor 20 years period would be2¥0 milion EURThe state will pay +3,5 mill EURer year
to road builders.

National mobility and 5&olicy andEUFundingin Latviain 2021-2027
In Decemberof 2026hea A Y A A G NE 2F ¢NI yalLR NI 2F (KS vwbvelpména O 2 F
Guidelines for 2024 n H,Twhat determines the following three strategic directions relatedst® and CAM
deployment
1) Establishment of a multimodal public transport network with rail as the "backbone" of public
transport, integrating Rail Baltica into the existing state and mpaldransport network, creating
multimodal transport and passenger transfer hubs, enhancement of populati@bility,
developmentof safe roads and street infrastructure etc.;
2) Improved international connectivity by implementing the Rail Baltica projectl@ding Riga
International Airport as the part of RB project), making Riga an important and modern multimodal
transport hub, inclupgradedinfrastructure required for mobilitglevelopment
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3) Establishment ofbroadband electronic communications network ime with EU connectivity
objectives by developing the infrastructuneeded forthe "middle mile" and "last mile" electronic
communications networks and broadband mapping.

Meanwhiled ¢ NI ya LJ2 NIi RS @St 2 LM 3 yiB2ffarezdeR BU fungs &rid naichldnvesinents
for:
1) Availability of 5G mobileommunicationinfrastructure coverage alonghe VIA Baltica and Rail
Baltica transparcorridors- 202,5 km for Via Baltica and 265 km for Rail Baltica;
2) Design and construction of Rail Baltica regional stations by integrating the railway line Rail Baltica into
the existing national and municipal public transport route network
3) Continue theimplementation of the Rail Baltica projecat the same timedeveloping Riga
metropolitan areaas the multimodal transport hub integrated in the TENetwork, reorganization
of urban transport and public infrastructure

Various EU financigupport instruments will be available for the implementation of 5G and mobility in Latvia
during 20212027 period:
1) CohesionFunding- the priority investment area and implementation of the Cohesion Policy -202Y
is the focus on Policy Objective 3: a m@onnected Europe Mobility and regional information and
communications technology connectivitfhe transport infrastructure in Latvia remains far below the
9! T@PSNI3IS AdGFYyRIFENRA Ay (SNXa 2F (G(KS ySighz2N] Qa
significant regional accessibility issues. High priority investment needs have therefore been identified to
develop a sustainable, climate resilient, intelligent, secure and intermodal -Earmgpean Transport
Networks and their accessibility, in partiauto:
1 bring national sections of the Trafisiropean Transport Networks road core and comprehensive
network to meet EU standards, including safety;
1 complete the Trang&uropean Transport Networks conventional rail core network;
I improve access to the Trai8iropean Transport Networks and cross border mobility.

Levels of traffic congestion in larger Latvian cities remain an issue due to the limited coordination of investments
with policies for urban transport. Priority investment needs have therefore beemtified to promote
sustainable multimodal urban mobility, in particular to:

1 develop urban transport systems within relevant integrated territorial development strategies and

sustainable urban mobility plans, with a focus on functional areas.

There is a gnificant digital divide, in terms dfroadbandinfrastructureand communicationcoverage between
urban and rural areas in Latvia, even though the country performs relatively well in terms of overall broadband
connectivity. The investment needs have themef been identified to enhance digital connectivity, in particular
to:

1 deploy veryhigh-capacitynetworks, eliminating coverage gaps in rural and less populated areas;

1 improve the cybersecurity and physical security of public hayicapacitynetworks irvestments.

2) European Regional Development Fund (ERDHjpor research and technological development,
development of local, regional transport, telecommunications and energy networks and related
infrastructure

3) Connecting Europe Facility (CERround3-billion-euro EU funds are foreseen for the establishmeht
digital infrastructure and the introduction of 5G technologiEt) o-financing ratedor projectswill be
up to 50% if the projectsactionsare with important crossborder dimension, such as continuous
coverage of 5@echnologieson major transport corridors or for the deployment of core networks
between EU Member States andbetween the EU and third countries-or the projects actions
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implementing gigabit conneiwity of socieeconomic driver€EU cefinancingwill be even upto 75%
Within CEF EC plansitwroduce a newsub-programme5G4EU initiative for municipatitiated projects
to provide 5G services in placegere there are no plans to deploy 5G in tlering years.

4) InvestEU investments in sustainable infrastructure, including digital connectivity.

5) Connecting Europe Broadband FUn@gEBF) priority is broadband projects (technologneutral using
high-performance technologies; incl. 5G) in sparsely pafmd and rural areas in areas that meet the
criteria of the EU guidelines for "white" and &gt areas

6) Horizon Europe prgrammec EU researc innovationinvestmentprogramme2021-2027 with budget
95.5 billion euro. Horizon Europe will incorporate five research and innovation missions to
increase the effectiveness of funding by pursuing clearly defined targets : a) Adaptation to
climate change including societal transformation ; b) Cancer; c) Climate -neutral and smatrt cities ;
d) Healthy oceans, seas, coastal and inland waters ; e) Soil health and food .

All above indicatedUfinancial instrumentdor 2021-:2027 are still under developmemind conditionswill be
clarifiedduring the decisiormaking processnd approvaby EC and responsible national authorities.

5.3.6 EUFRunds andinvestments in Estonia

In 2014, Estonia updated its targets and measures for broadband as part of its Digital Agenda 2020. The
strategy envisioned full coverage witlhnnections of at least 30 Mbps by 2020. It also aimed at promoting the
take-up of ultrafast subscriptions (> 100 Mbps for 60% or more of all internet subscriptions by 2020).
Deployment of a middikeile network of fibreoptic cables is ongoing in Estonigsulting on 98% of all
residential buildings, companies, and public authorities located within 1.5 km of at least oneifrenetwork
access point. The goal of Estonia with its 5G roadmap is to achieve 5G connectivity in major cities by 2023 and
along transport corridors by 2025.

The main goals for broadband development:darethe completion of the higpeed middlemile network, 2)

the expansion of the broadband access network in regions of market failure (reducing administrative burden
related to the construction of a communication network by simplifying the relevant legal framework; obligatory
Ayaulrttlraarzy 2F aftlad YAt Sé O2yy Sbded geyelpmeny proje@% 0 dzA
promoting community initiatives for the develapent of fast internet connections; supporting the construction

2F aflrad YAESe O2yySOGA2ya Ay FNBFa 2F YFEN] SO FFAf
need for external connections and implementing relevant projects when negges®aensuring the availability

of radio frequencies that meet the requirements of information society to provide internet access for end users

in areas where fixed networks are not available; 5) the promotion of the principle of network neutrality, which
YStya (KIFId StSOOGNRYAO O2YYdzyAOF A2y 2LISNIG2NAR  YI &
services, websites or available platforms; 6) the promotion of secure public WiFi networks, mainly provided by
(local) public sector organisations.

AY AYLRNIOIFIYG YSOKIFIYAAY Aa (GKS a9ad2yAly 2ARSOFYR L)
solve the rural connectivity challenge in an area underserved by telecom operators. EstWin aims to brng ultra
fast internet access within 1,5 km of alfal households, enterprises and institutions in the project area. Funded
almost 100% by the European Agricultural Fund for Rural Development (EAFRD), this project was a finalist in the
European Broadband Awards.

Estonian 5G Roadmap

Estonia aims to delop 5G connectivity in a form that would allow data free movement, the development of
innovative services and the introduction of artificial intelligence. Estonia aims to achieve 5G connectivity in larger
cities and in their periphery by 2023 and in tihartsport corridors by 2025. The roadmap does not create barriers

to small cellular wireless access points commissioning and use. It ensures that telecommunications companies
have the widest possible right of access to natural persons infrastructure dewtrblyy national or local
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authorities. It identifies bottlenecks in information exchange and deal with a single information point, developing
userfriendliness. It identifies the need for investments in the fiber optic base network and base stationscto swit

to 5G. It agrees and develop roles between the private and public sectors private and public investment model.
Estonia aims to monitor and map the geographical map of 5G deploymeni.fietikaart.e§. Theroadmap

looks for opportunities to work witimeighboringcountries and at the European level to create joint investment
plans for crosdorder 5G infrastructure, such as 5G corridors for interconnected and automated mobility.
Estonia will start a CAD project oretWia Baltica corridor and cooperate with border countries. It will look for
5G synergies in the Rail Baltic project. If necessary, it will support pilot projects. It looks for opportunities for
Smart City 5G tests. In the spring of 2019, a competitio8400-3800 MHz frequency licenses was announced.

In the first half of 2020, a competition was announced for-899 MHz frequency licenses. A public consultation
was conducted in the 24.257.5 GHz band to identify market expectations for its introductibime consultation
deadline was end of 2019. The possible use of the-48.5 GHz and 681 GHz frequency bands is specified.

EU Projects in Estonia
EU projects can be organized3 directionsi) infrastructureii) telecommunications/services iii) reagrch and
analyses.

1) Infrastructure projects:

a) 5G infrastructure and Via Baltic gatewain terms of regional cordination, in September 2018,
Estonia, Latvia and Lithuania signed a memorandum of understanding where they agree to
cooperate on the deployment of the 4G+, 4G ++ and 5G network along a section of the Via Baltica:
Tallinn (Estonia) Riga (Latvia) Kaunas (Lithuani&)Lithuanian/Polish border in order improve road
safety, to foster sustainable mobility and innovation in transportation systems and test autonomous
vehicles. The Memorandum of Understanding was signed on 28 Sept.i2(RBa at the 5G
Techritory event. Although focused orM2X, elements of the Rigaallinn segmenuildupon Smart
E67 project (ITS).

b) Rail Baltic projectThe Rail Baltic project is the largest Baltigion infrastructure project financed
by EU CEF pgoeamme with a goal to integrate the Baltic States in the European rail network. The
project includes five European Union countrig2oland, Lithuania, Latvia, Estonia and indirectly also
CAYftlIYR® LG gAff O2yySOG | Rdurag Yihids Waksawt The\Balyic>  t N
part of the Rail Baltica project is referred to as the Rail Baltica Global Project. Rail Baltic is the part of
0KS 9! Qa b 2 NITKorriglds With lerigth of 870km¢n®ak. speed: 249 km/h (passengers),
120 km/h (feight), environmentally friendly; powered by electricity, produces less noise and
vibration and will be equipped with 5G technologies.

2) Telecommunicationg servicesprojects:

a) X-ROAD:X-Road is a "centrally managed distributed Data Exchange Layer betwieemation
systems”. Organizations can exchange information over the Internet usiRga¥ to ensure
confidentiality, integrity and interoperability between data exchange parties. Nearly 1 billion queries
are managed through this infrastructure and 5atisand organizations are indirectly serving users
through this platform.

b) 5G service use case study (Ministry of Economic Affairs and Communications (70003158),
Reference number :224830Estonia needs a leap forward in connectivity, and 5G technologies
provide an opportunity for this. We need to know how Estonian companies and people can benefit
from global 5G trends and the state, together with companies, support structural changes in key
areas of 5G content and business services (Bgital culture, indstrial digitization, energy,
environment and road safety). The study is necessary for a more substantive preparation of the
planning of Estonian cohesion policy 262027 funds. As an important result of the study, we want
5G usage stories mapped in thetdfsan context. We want usage case descriptions in areas of
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greater public impact, where there is a clear perspective to support the development of the field,
which requires describing 5G usage stories now and in the foreseeable future and clearlyiitgentify
those responsible, parties and possible activities.

3) Research and analysgsojects.

a) pD aiGNXzOGdzNY £ FdzyRay ac¢ltffAyy | YAQSBSH®RA Godle 2F ¢
20142020.4.01.161 n o HPart of the structural funds at Tallinn Universif Technology, also
address the need to meet the emerging communication technologies such as 4G, 5G, loT etc.
bdzYo SNJ 2 F LINE F S & a oy Kiikg the Gagrs/oRrasgarc énd dewelBpmany jointly
with local industry (e.g., mobile networks enator).

b) European Research Area Chair (ERA Chair) projddisse are largescale support and action
measures supporting to alleviate the research and development productognitive Electronics
(COEL) ERA chair project established at Tallinn UitywefsTechnology created new synergies
among other instruments to support sustainability.

5.3.7 EUFRunds andIinvestments in Finland

In order to remain at the forefront of technological and digital service development, the Finnish government
issued aDigital Infrastructure Strategy 202R6]. The digital infrastructure strategy specifies Finland's
technologyneutral broadband objectives for 2025 and the means byctvthey will be achieved. The needs of

both business and consumers have been taken into consideration in the strategy. The strategy contains measures
for promoting the implementation of 5G and supporting optical fibre construction. The strategy alddiégen

key challenges facing the digitalisation of services and existing infrastructure as well as data needs, which are
crucial to, for example, automated transportation. The strategy is in line with global development trends, such
as augmented realityhe Internet of Things, automation, artificial intelligence and M2M communication.-High
guality and reliable communications networks pave the way for these services and new innovations. The
measures proposed in the strategy involve, among other thingsgdhestruction of 5G networks and frequency
policy, streamlining network permit and construction procedures, promoting market functionality, and
supporting research and innovatioAt the end of 2020, all operators are building their 5G networks

Severalna A2yl f FTdzy RSR pD G(GSadAy3a LINR2SOGa INB 2y3a2Aiy3
created an ecosystem for testing of services and networks. The operator 5GTNF (5G Test Network Finland) has
been established for the test network projects)dacoordinates collaboration between test environments and

the construction of a common test network.

5G Momentum, managed by Traficorthe Finnish Meteorological Institute and the Finnish Transport
Infrastructure Agency, is an ecosystem established #8206 enable Finland to reach its goal of becoming world
leader in 5G Technology, and promotes the development and implementation of 5G services.

Maritime:

a) Sea For Value (S4\fationally funded project aiming at increased level of maritime autonomy. The
project prepares for advanced autonomous operations, by ensuring safe, sustainable and efficient
channel for ships to enter and leave harbours.

b) Digirail (digrata.f): Study of the Finnish authorities regarding the future of rail, and the deployment
of ERTMS. The study decided that ETCS Level 2 is best placed to replace the current train protection
system, meaning that Finland must begin to use the FR[AQSThe goal is to begin extensive
establishment of the system in 20287].

Finland is involved in multiplEEF projectsrelated to the investment in the Traituropean Network for
Transport. Some examples, which may have relevance for tHRGGTES project include:
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a) NordicWay projectregarding the deployment of O0S services in the Nordic countriEgland
(nordicway.net)

b) Twin-Port 4 projectfor upgrading the MoS (Motorway of the Seas) link between the ports of Helsinki
and Tallinn, connecting the North SBaltic to the Scandinaviaklediterranean Core network
corridors.

5.4 CEF ZProposalsfor Roll-out of 5G Northern Europe Transport Corridors

Among achievements &GROUTESould be consideredwarenesand cooperation for joint application &G
deployment of CEF programm20R2 2027). Both 5GROUTES MN® have considered to join consortia for
further deployment of5G networkalong Nordic and BaltidENTiransport network corridorsBoth study and
deployment projects are in pipeline andwvill support early wave of deployment actions for 5G systems for
connected and automated mobility (CAM) including safety and-saiety servicesFurthermore, proposal
support deployment of Future Rail Mobile CommunigcatSystem (FRMCS) and trackside and associated on
board equipment related to critical automatic train control systems and applications (ETCS and/oAMoQy.
activitiesconsidered for both LMT and TELIA Estonia58eNew Radio deploymenBoth CCAM and FRMCS
functionalities developed within 5S@0OUTES will be further scaled VIA Baltica and RAIL Baltica corridors. A
projectsubmission is foreseen in2022 QPsucceedé the synergy with CE&nding could alreadyeinforce the
ValkaValga physical cross bordeials in 2023.

r
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Figure23 A high-Hevelview of CEF25G Northern Europe Transport Corridor
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6. Availability of Existing Infrastructure

6.1 GeneralRequirements for Gross Border Trials

5GROUTESross border trials itNortheastEurope are planned between Estonia and Latvia. A special focus is
given to autonomous trials on TElNmotorway networkAlthough North Europeés sparselypopulated,and it
haslow intensity of motorway network in terms dilometers(km) of motorway per 1 000 km2 of land area
(Figure24). Nevertheless, border crossings of these motorways facilitate international traffic flow of passengers
and freight between EU Member States.

eurostat e

<s A ek itnve boandeses [ Durvdeoyghes C UNFAD © Tundst
Canography Eurostst — GO0, 042020

s-48

] 18-«
] .« 0 200 40 &0 KO0

. e
B Duta st avallable

Figure24. Motorway density per 1 000 kmz2 of land ardg& UROSTAT 2018)

According to EU White paper on deployment of 5G network, the TE&tworks should become operational by
2025, depending on national deployment plan. Both for Latvia and Estdmieetdistinctive EU category
motorways identified as prioritieare: AL/E67; A2/E77 and A3/E264. Motorway Al having direct linkage
North¢Southgoods flow, thus experieimg the most trafficintensityin region, while A2 has WeBiast corridor
of goods connecting EU27 and Russia. FingByserves more regionBlalticconnectivity needs.
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Figure25. Latviaz Estonia TEN road border crossings

Thethree plausible motorway options for cross border test beds should be evaluated for deployment of 5G
connectivity trials. As summarised Tiable11 several advantages are associated with A3 Valga/Valka crossing,
where existing railway connection and dense network of MNO base stations are among the strongpoints for
selection of this scenario. Moreovex fourth scenaria virtual border crossig inBikerniekiracetrackisincluded

in comparison matrix of able11.

Tablel1Comparison matrix among several border crossing scenarios
Nr. Of Base Nr. Of Bas

. Road Railway Operational o o . . o

Scenario category connection  customs station in R= station in R=
2km LMT(LV) 2km TELIA (EE)

A3/E264 TENT Yes no 3 6
Valka
/Valga
A2/ET7 TENT No no 1 1
Veclaicene
/Murati
Al/E67 TENT RailBaltic yes 1 1
FAY L OA (2030?)
/lkla
Virtual border Racetrack N.A. N.A. 16 TBC.
¢. At SNy

One ofthe key enabling technologies for deployment of 5G connectivifipie optical broad band;transport
network. For MNO's it is not mandatory to hafere optical link to serve current commercial LTE technology,
while advancement in 5G is directly linked withv latency requirements. Both Latvia and Estonia have heavily
invested in last mile optical fibre network. Estonian side has installed connectivity along border and all three
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border crossings are connecté@om Latvimd A RS NXzNJ f  dzNbdIVsika hasBptical 26hnedtivity | O A
Veclaicene is remote for current investment policy. Optical connectivity map of Estonia and Latvia is given in
Figure26 and Figure27.

-

TET ———
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Figure27. Latviaz in situ optical broadband néwork

6.2 Assessment oiCross Border Road Infrastructure for Autonomous Trials

Assessment of existing road infrastructure should be lined with traffic intensity and traffic regulations. Among
other aspects the traffic intensity per hour and numbercodssing junctions within first 2 to 5 km should be
analysed. Moreoveh y Ol aS 2F aOf 2aAy 3¢ (K SsedvdhtialRor auggnomdusitaNd/ | G A
on public roads within given project timeline. A set of matching indicators for indivicheacasess aligned with

existing regulations iffablel2. Comparing each border crossing route indicators for further risk assessment.
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Table12 Comparing of each border crossing rout@1] [22]

Crossing Road visual

Junctions Excessive  Hourly traffic
speed

sign of view within 2km

Average car Monthly
Road width average speed traffic
limit range (cars/per hour) Km/h average

LV side ((RY)) (cars/per day)
EE side
A1/E67 70/50 2+ km of 6 no 276 81* 4470
LAY OA straight road in
/Ikla grasslands
A2/ETT7 90 2+ km of 6 2 x 250m 138 104 828
Veclaicene straight road in
/Murati forest
A3/E264 50 Circular road, L 12 150 m 90 95** 3771
Valka junction in
/Valga urban area
Virtual 100 Closed N.A. yes N.A. N.A. N.A.
crossing racetrack with
Bikernieki safety
racetrack installations

As shown irFigure28, Figure29 and Figure30 several junctions are along the border road. For legal regsons
correlation with number ofunctions andraffic safetyrisks can be drawn. Therefqiia a future risk assessment
in negotidion process with roaduthoritiesthis aspectshould be considered before the final decision of thal tr
roadand use casanplementation.
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Figure29. A2/E77 Veclaicene/Murati border crossing

Latvijia

/ P24
E254 <

Figure30. A3/E264 Valk&/alga border crossing
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B2GK L1flk! Ayl OA

trofdhgseoszdslongiskaiglt O4dl- an@&ghtige compared with

Valga/\alka scenariolt should be noted that rail connection in Valga/Valka border crosshas umost
importance from project perspectiv@herefore opportunitiesandriskswill be evaluatedcarefully

6.3 Assessment of MNCExisting Quality of Service Within Border Grossing Region

An assessmenbf MNO's existingnfrastructurequality of servicean vicinity of border crossing is essential for
drawing a full picture for futureonnedivity. An existing 4G an8G if availablguality of service scans has been
performed on a particular trial sites and routes to be takdinis has been aligned with initial tasks of
infrastructure deployment to understand and to perform initial reconfiguratioméicessarythe 5G BS
installation.Within the assessment a quality of service is highlighted as a green if indicator is-®GSOdBm
range. Anything abové&@0dBm are turning fromyellowto red or blackonce level exceedl10dBm. It should be
noted thata highest availabléGfrequencyband givesndicative level of quality one can expect once 5G would

be installed.
First quality of service was performed @A NIi dzl f

ONR & &

racBtiddR & have2odth 4GAandSEY A S |

(3.5GHzppectrum measurements. It should be noted that oB€& coverage will densifies due LMT 5G roléout

new and upgraded version should be performed.

~

Figure31 Bikernieki racetrack virtual border crossing 5G (3.5GHz) quality &érvice assessment
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8¢,

|
Figure.; Bikernieki racetrack 5G (3.5GHz) quality of service assessmerong lap

A physical Valk&alga border crossing was a measured in several attempts. A several exit routes (Tartu/Torva)
direction ha been considered. A similarly LMT and Telia coverage has been measured separately. A further 5G
deployment coverage is foreseen to be remeasured once bases station will become operational. Similarly, sector
specific measurements are required for furthér fk R2 3SNJ ' yR NBF YAy 3 adFAf2NRyYy £
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izl
Figure34. ValkaValga Torva road CAM physical borderossing 4G (0.8/1.8/2.1GHz) quality of service assessment
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Figure.. ValkaValga Torvaoad CAM physicél border crossing 4G '(0.8/1.8/2.1GH2) quality of service assessment

A cross border rail configuration has some obvimsgtrictions agerritorially LMTbase statiortower coverage
blank spots in Latvia while having a good signal strength in Esfidnigin future may trigger sevenaaming

initiations during the Rail crossing. To avoid sushenario a much more tailoringitlhbe necessary.
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P

Figure36. ValkaValga Rail physical border crossing 4G ‘quality of service assessment
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Figure37. ValkaValga Rail physical border crossing 4G (0.8/1.8/2.1GHz) qualggrofce assessment

A severahttemptswasmadefor quality-of-serviceFerry use case measurements. It included existing Finnish 5G
coverage and existindG Estonian coverage. It has been concluded that even above 40km from the shore a
quality of service aald be below-100dBn. This has made lauge impact on planning of the use case as a sober
vision what's needed and where the network would not be accessible was extracted.
AT RS 2 s — M ¥‘ 7 - o =

Lag 7

BING

Figure38. Tallinn/Helsinki ferry border crossindG (2.1GHz) quality of service assessent
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Figure39. Tallinn/Helsinki ferry border crossindG @.6GHz) quality of service assessment

, R SR W Ko O
Figure40. Tallinn/Helsinki ferry border crossing 5@.7GHz)

¥

qualityof service assessment
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Figure42. Tallinn/Helsinki ferry border crossing 5G (3.5GHz) quality of service asaess
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e
Figure44. Tallinn/Helsinki ferry border crossindG @.6GHz) quality of service assessment
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Figure45. TaIIinn/HeIsinki}erry border crossinG @.6GHz) quality f service assessment

Figure46. Tallinn/Helsinki ferry border crossingG 0.7GHz) qu
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6.4 CAMTrial Stes Within the Framework of 5GROUTES
6.4.1 Virtual OossBorder Trial Ste z Bikernieki Racetrack

A virtual border crossing y . A tré&étd{ckh&sibden identified as potential trial sieiring planningorocess

andwhen facingechnical issuesegardingto defined use case An umost advantage of racetrack deployment

as a virtual border crossirigals are- controlled road risk. Theagreement with trackownet / { 55 [ | G @A | t
been signebn Q4 2020allowing to start the trials irearly 2021.Central loation of LMT infrastructurés an

enabler foraquick set up 0bG infrastructure. A discussion with radio spectrum authority has been initiated for
deploymentof sharedbandwidth of LMT between both MNO partners namely LMT (LV) and Telia (EE). An
interpretation of two operatorsectorial network deploymeris depicted inFigure48.

Initial assumptions on 5G network deployment are aligned with availability ofdbetrack for the trials. First
option considers start/ finish straiglalowing maximum platooning speédustestinghandover efficiency. The

second optiorconsides a full cycle allowing to quantify and to perform a rstop trials looping andssessing
connectivity. Thethird option is to deploy botMINOs base stations on obt@werto reach best result feamless

handover.A strongcommitment for establishing 5@ulti-MNO- virtual crosing borderracetrackis set for the

first quarter of 2021Exploringentire racetracklengthfor connectivity will be evaluateth upcoming years due
requests of partnerinvolvedin several use cases.

1st OPTION
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3rd option
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N VIRTUAL
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Figure48. Eventual virtual border crossing between Telia and LMT on Bikernieki racetrack

6.4.2 CAMTrial Site ValkaValga

Two junctions were selected at Valkalga junction based on existing MNO, road, and city infrastructure. Even
thought it would be more than beneficial to merge both railway and CAM use case MNO infrastructure setup
cost perspective the compromise. Aswaily station is located at theentreof the city the border crossing traffic

is diverged from it. Therefore, a limited cooperation between both uses cases located on the border between
Latvia and Estonia was met. Nevertheless, initial estimate indicasgsatimost 5km of 5G connectivity will be
provided by two national operators.

| CAM trials

Figure49. ValkaValga Railwas and CAM use case locations

A detained analysis of plausibility to deploy 5G connectivity on A3(E264) crossing Latvia/Estonia border within
bounds of twin cities Valgdaka has been analysed in detail. After several iterations and alternative scenario’s
discussed among partners a d@gon is made to demonstrate 5G cross border connectivity on section Rujienas
iela (LV) Viljandi tanav (EE) Transpordi tdnav (EE) and plausible Tartu tanav (EE). Approximately 2km long
straight section on Rujienas iela (LV) have attributed LMT ceflatarork infrastructure (LMT Elvi). LMT active
antennas are located 41m above ground level on a platform of an industrial chimney adding a couple of a new
antennas are not a limiting factor. Initial estimates indicate that cellular network tower locatibatvia side is

well suited to beam both east and west by two active MIMO antennas. A whole scratch of the road has line of
sign with communication tower thus the connectivity must be at the best quality. Furthermore, a handover
between LMT and Telia nebsks could be remarkably close to the physical border between both countries which
are a gain for a demonstrator. It should be noted that T junction on physical border of Rujienas street and Vijlandi
street set a limitation on car driving speed. An altdive option to increase the speed of border crossing is to
explore former Customs area which currently is run by number of private businesses. Another aspect is location
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of traffic lights at a junction of Rujienas and Ausekla street which possess anreetddiom municipality point
of view. Within activity radius of this junction are cities hospital and shopping mall which attracts a remarkable
number of pedestrians while all cross border heavy traffic is passing by.
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Figure50. Selected Valkav/alga crossing map overview

Main advantage of selected use case location is visual line of sign throughout the whole section of the road. As
shown inFigure51 both LMT and Telia base stations could be seen at the country border junction therefore
securing reliable connectivity and providing best connectivity.

Ul

- el
B e ek

- " g .
WM B Rt NN
. Mg 3 Border crossing
" 'I, L

Figure51 Selected Valka/alga crossing street view

Selected LMT base station is conventionally located on the chimney as deiguirie52 base station is on the

side of Rujienas street where CAM use cases are foreseen to be demonstrated. One could note that Rujienas
street has twaline traffic while several junctions on that street has third line for turning. This could be further
exploredfor road safety and reduction of road blocking during the trials especially for platooning at above
currently set speed limit within city limits.
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Figure52 Rujienas street view with LMT base station

Another advantage is existinnecessity for upgrade of Rujienas stre¢tdzid S1 vl & i NB S 2dzy O 7
from Valka city perspective. As junction has shopping mall, city hospital and pedestrian/bicycle road it's both
heavy populated as well as critical for first respond@ae of cities requirement is to align the junction signalling

with influx of heavy traffic of goods. If smarffic controlis used both pollution from engines as well as sound
pollution could be limited as traffic flow could be adjusted. This is paatiluheeded in off office hours when

city traffic extinct. As it could be seenkigure53 andFigure54 complextrffic controlis used in section including
separating the right turn and pedestrian crossing from overall traffic.

"

LMT base station

==
o m——

Figure53. _RujienasAusekIastreet juncton z RLljienas street view

it e
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: : : 3 : | e prmp—
Figure54. RujienasAusekla street junctiory Ausekla street view
Another advantage of selected demonstration route should be highlighted that Edtahi@ junctionRujienas
iela (LVY Viljandi tanav (EEare equipped with CCTV for local municipalities and border guards. An incoming
video stream could be discussed with cities to provide as a reference signal of upcoming traffic for
wdz2A Syl dak! dza&S1 wl & i NB S inayséle B énaéblerFok deployinentyoll dew typeioB | 2
locationtbased service deployment integrating street virtual twin. Those locdiased services could be cross
checked and validated by CCTV data strefaigufe55).

Figure55. Rujienas iela (LVZ Viljandi tanav (EE) junction equipped with municipalities CCTV's

6.4.3 Preliminary Use CassLocations at ValkaValgaTrial Site

Eventual location of CAM usases in Valk&alga physical border narrowed down to a street and junctions are
summarisedin anddepicted inFigure56. Usecase 1.1 Dynamic ehicles platooning CAM use cases will be

centred around Bjienas street (LMyf2 Y +Af 2+ yRA aGNBSG 6990 FyR ! daAS{ul
perspective LMT and Telia coverage are adjustable to handle cross border handover close to physical border line
on Rujienas street for all U@emonstrators. For UC2 and UC3 the roatlvork could be extended merging the

range to the point where 5G network will dim and restrain from network KPI perspective.
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Figure56. Usecase 1.1Dynamic ehicles platooning

Table13 Use cases and trial site locations

Nr Usecase Eventual location in Valka Valga
1.1 Dynamic vehicles platooning

1.2 Cooperative lane change
1.3 SeeThrough view for saft UCL1 Rujienas street (LV) 1.3 km straight between Vilja

automated overtake street (EE) and Ausekla street (LV).
2.1 | Intersection collision control | Junctionsof Rujienag Y R | dzA S{ vl & i NB
and Viljandi street (EE)
2.2 Traffic jam chauffeur Centered around Rujienas street (LV) and 2km radiu

surrounding streets.

3.1 Sensor info sharing fg
cooperative situation  Centered around Rujienas street (LV) and 2km radiu

awareness surrounding streets.
3.3 VRU collision avoidance

6.5 Latviaz EstoniaRail Gross Border Trial Stes Connectivity Options

Only one optioris available for a cross border radad connectivity deploymenbetween Latvia and Estonia.
Althoughthe Pan-European railway line Raititica is undethe construction with devoted 5G infrastructutéis
connection will nobecome availale for tests withirbGROUTEfroject timeframe. Ascheduledail connection

NHzy & FNRY wA3dIl G2 =+ 3 .Fdd Valgh indntii®Nd Tarfu byt parthér Bivors Ntz + A
demo case will be deploydmetween Valga and connected stationud | O A Uaddg+ 0 @i NI @St GAYS o
and Valga is appro¥ minfor 4km of distanceAs shown inFigure57. The MNO infrastructure idensely

deployed in Valkd/algaregion, thereforea relatively rapid deployment of 5G connectivityuld be expected in

2021.
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Figure57. Rail connection Valk&/alga

From Railway connectivity perspective most appropriate LMT infrastructure is located on Valka LT&ntbwer
Telianear Valga stationA tower itself is 62m tall and on high grounds compared to railway line. A sectorial MIMO
antSyyl adK2dzZ R LINPOGARS || M®PH]Y AGNIAIKG O2yySOGAGAGE
is close a similar distance towards Valga train station could be restrictive both from urban environment
surrounding Valga train station andg@ated frequency interference from Latvia to Estonia. From drone view at
O2YYdzyAOlIGA2Y FtyGaSyyla tS@gSt 2yS OFly ARSydGAFe | @Ara
in vegetation(Figure59, Figure60). A full forest vegetation could be a drawback thus for extended connectivity
radius a trial within winter ouspring would allow to extend the 5G coverage.

o “ \'.\u_\Lé A7 i2bi _~"l { g - :1.\{
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Figure58. Railway use case locationValga, OCALE AT 11T AAQEI 1
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Lugazi railway stations
location (no direct view from
base station). Could be an
issue to provide 5G coverage

Railway line

Figure59. Birds view from LMT communication antennaAE OAAOET T O1 xAOAO , OCALE ¢

R o]

Telia base station

Figure60. Birds view from LMT communication antennadirection towards Valga station

6.6 Estonianz FinnishSea Gross Border Trial Stes Connectivity Options

A new levéof connectivitychallengewill beaddresgd at Tallim (EE) and Helsinki (Filom Muuga to Vuosaari
seaports)sea border crossingf ferrieson open seaFigure6l). The distance between both capitdtsapprox.

80km - a stretch for 5G connectivityTouriss and cargo are two separate flows address during the
demonstration activity Several scenarios are to be evaluated including handover by satellite communication
provided by partner Airbus. Among currentdgnsideredscenarioss one where connectivity iprovided from
shore to ferry consigring open fielddimming of the signal. Alternative scenario involves settindg@pstation

on the ferry. Each scenario hesveraldrawbacks and severaiteractionsfor tacking technical solutioty end

of 2021
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Figure6l Ferry crossing oMuuga-Vuosaarisea border

6.7 Satellite 5GConnectivity

With the earliest beginnings in the 1960s satellite communications have been the first commercial utilization of
space ¢ providing international and longhaul telephone services and becoming the primary means for
distributing TV programs around the world. Today fixed and mobile satellite communications are supporting
mainly two types of applications:

1 The high dataate and -volume buk traffic supported by highthroughput satellites (mainly from
Geostationary Orbit) and
1 The low datarate andgvolume 1oT traffic mostly employing smaller satellites in Low Earth Orbit

Section 2.3 of 5ROUTES deliverable B]1] gives an overview of satellite communication networks.

The implementation of the next generation 5G networks foreseen in its 3GPP standardization effort the
integration of nonterrestrial networks i.e. the 3rd dimension including aerial and satellite noglas an integral

part of the 5G ecosystem. Satellites can well serve two of the three corners of the triangle of 5G usage scenarios
(see section 2.1 of 580UTES deliverable B11]):

1 enhanced Mobile Broadband (eMBBgorresponding to the high datate/-volume applications that
are relevant to commnications for flying vehicles (passenger aircraft, UAVs, UAMs) domains discussed
above. Due to the throughput requirements these applications will typically require larger more complex
satellites of at least 10§ 200 kgs or even significantly higher.

1 massive Machine Type Communications (mMMTCgorresponding to the low dateate/-volume
applications that are relevant to the Aerial Cloud Domain that will be described in the following section.
For these applications nanosatellites (cubesats) of onlgA&ys are considered.

1 While ultraReliable Low Latency Communications (URLLC) cannot be served well by satellée®
latencies of at least multiple 10s of milliseconds due to the transmission path length via space. To reduce
latency as far as possiblew Earth Orbit constellations are increasingly "en vogue" for both eMBB and
mMTC applications.
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6.7.1 LegacySatellite Systems

Satellite systems are composed of a space, a ground and a user segment. The space segment is composed of one
or more satellites connecteto the ground segment. The ground segment contains ground stations and a
complete core and RAN network which is interconnected to private or public networks. The user segment is
composed of satellite terminals which are used to communicate over satellite

There are three types of satellite systems:

9 Public satellite networks
i Private satellite networks
1 Backhauling satellite systems

6.7.1.1 PublicSatellite Networks

In public satellite networks, the end user communicates directly to the satellite using a tradiishar more
advanced mobile or 10T terminal. There are also specific terminals to communicate in specific environments like
maritime, aeronautical or nomadic environments.

Public satellite networks are characterized by the fact that their ground segooemdins RAN, Core and service
equipment (like terrestrial system) as well as a complete satellite control system to operate the satellite or
satellite constellation.

Public satellite networks are operated by large satellite operators like Inmarsatinridtutelsat which offer
wideband and broadband satellite communication services on large areas.

.‘_;Ef;, p .
Figure62. Satellite dish Figure63. Inmarsat satellite Figure64. Satellite tracker
phone

6.7.1.2 VSatNetworks

VSat networks are private networks build over a traditional satellite infrastructure. They contain a RAN, a Core
Network and service platforms but, to the difference of large satellite netiidtk G KS& R2y Qi KI @
control system. The satellite resource is rent from a satellite operator. The access to these networks can be wired
(ethernet) or wireless (via WiFi, DECT or GSM bubbles).

VSat networks are typically used to interconnectrém® 38 3GSY&a |4 SyolaaiasSaz LIS

also used for tactical applications where a classical network deployment is not possible.

6.7.1.3 Backhauling

Cellular backhauling systems are satellite radio relays systems used to interconnect reneogtdbasns, RAN

or Core Networks to a main RAN or Core Network. The backhauling system is a layer one or two system which is

transparent for the cellular system. The radio access for the end user remains a classical cellular access (GSM,
UMTS, LTE or 5G)
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Gontrary to VSat networks, which provide generally a complete access control mechanism via a core network,

GKSasS aeadsSvya R2y Qi YIyYyl3S AYRADGARZ f dzZ2ASNE YR R2y
6.7.2 5G systems

6.7.2.1 Integration ofSatellite andCellularNetworks

The importance of the satellite and terrestrial system integration has been identified since the beginning of the
satellite telecommunication history. The integration was first limited to interconnection of satellite and
terrestrial networks: a satelliteser could call and be called by a terrestrial user via a network interconnection.

| 26 SOSNE GKS alGSttAGS dzASNE FyR GSNNBAaGNRIE dza SN&
terrestrial (resp. satellite) infrastructure.

This issue was soldaewith second generation systems and the arrival of dual mode terminals. Thanks to the
roaming capability, users equipped with dual mode terminals could benefit of cellular quality and price when
they were covered by a cellular network and of the satelfitwerage outside cellular coverage. However, the
terrestrial and satellite networks were in most of the case own by different operators and used different chunks
of spectrum.

Recent systems like Terrestar go one step further by integrating satellite edlulac systems in one global
network. The spectrum is shared between cellular and satellite, enabling a better usage of the radio resource.

Coverage Map X

Spat baams respond
dynarmically 10 Usage requirement

Xy - Band
Feoder Upks

Figure65. Terrestar integrated satellite/terrestrial network

6.7.2.2 SpaceSegmentEvolution

GEO satellites

The space segment of legacy satellite networks is generally composed of a few Geostationary satellites providing
wide and broadband communication services over a large seawgze(i.e a continent and more). Thessellites

continue to evolve, using new spectrum in Q band and new technologies (beamforming, multifeed/multibeam
antennas, beam hoping, etc.) to provide more capacity
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- 1Y b
Figure67. Inmarsat 6 mobile satellite

Satellite constellations
Satellite services can also be provided by a LEO constellation, like Iridium or Global star. The interest of these
constellations is that they provide a worldwide coverage, including high latitudes and a reduced roundtrip time.

Figure68. Iridium constellation of 66 satellites

This situation is now changing with the deployment of LEO constellation in Ku &aad& The higher amount
of spectrum enables to offer low latency broadband services all over the world. An example of those broadband
constellations is the OneWeb constellation of 700 satellites.

~— ) TOTAL COVERAGE

Iterrat 10 everycne,
everywhare on Earth

A REVOLUTION —
IN SATELLITE
MANUFACTURING

GLOBAL LOW EARTH
ORBIT CONSTELLATION
Providing Ngh-speed intermet

Connectivily equivaient to
tomestial fher-optic netwecks

Figure69. OneWeb constellatiorof 700 satellites

© 5GROUTE2®0 Page |78



D 110Report on 56ROUTES CAM deployment plan and losigen deployment strategies2.0

6.7.2.3 Status of 5G NTN

The integration of satellite and terrestrial systems is also studied in the standards, in particular in the ETSI and
3GPP standardisation bodies. The main objectives are

- the adaptation of the 5G waveforms to cope wthe space environment
- acomplete integration of satellite backhauling systems in the cellular network
- satellite infrastructure sharing via network slicing

Relative study items are carried out at 3GPP under the Namestrial Network category.
Nonterrestrial networks are networks (or their segments) that use spaceborne or airborne vehicles for
transmission. 3GPP TS 22.28]l- approved at SA#82mandates in its section 6.3.2.3 among other things that:

1 The 5G system shall be able to provide services using satellite access

1 A5G system with satellite access shall support different configurations where the radio access network
is either a satellite N®RAN or a norBGPP satellite access network, or both.

1 A UE supporting satellite access shall be able to provide or assist in providing its location to the 5G
network.

1 A5G system with satellite access shall be able to determinesdddition to provide service (e.g. route
traffic, support emergency calls) in accordance with the governing national or regional regulatory
requirements applicable to that UE.

As a consequence a humber of activitie®. study and work itemswere defned and have successively been
carried out to support Noterrestrial networks by identifying suitable use ca$8fF exploring the different
technial aspect$4] and deriving solutions for New radio to support N[BN

These activities have culminated into a proposal for a work {@&no draft a first specification for NTN within
5G forrelease 17 that was approved at RAN#86. With this the procesmofeterrestrial networks to become
an integral part of the 5G ecosystem has been advanced significantly. Based on this specifibatias due
with the finalization of release 17 by tlend of 2021- equipment vendors will be able to develop suitable chip
sets, components, and units.

Given this timeline, a full implementation of 5GNTN will not be ready for trials withiRGGTES. However,
3GPP foresees an Inter Working FunctiondBiythrough which legacy satellite connectivity can be integrated
with 5G core networks. The concept that will be used as the baseline for demonstrating the util@telite
connectivity in for selected 58OUTES use cases is showFignre70.
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access

Figure70. Satellite connectivity integration with 5G core network via N3IWF.

The implementation of 5G NTN will transform the satellite communications industry. Satellite connectivity will
become part of the mainstream telecommunications ecosystems. As the 3GPP standard for 5G New Radio
defines a mode for direct access to Noerredrial Networks. The same device that connects to a ground base
station will also allow connections to satellites without modificatideading to a dramatic cost reduction for
satellite access. Therefore, it can be expected that future satellite systerhe tleployed beyond 2025 will
conform to the 5G NTN standard. An assessment of the expected future developments and deployments will be
conducted in theinal version.

6.7.3 Satellite Connectivity for 56GROUTES

No dedicated deployment of 5G ready satellites t@nachieved within the 5®0OUTES project. Therefore,
demonstrations and field trials on satellite connectivity must rely on the space assets that are available and can
be accessed in the relevant time framiee. late 2021 to early 2023.

In particular, he utilisation of OneWeb, planned at the beginning of the project, presents a risk. Three other
main alternatives/backup solutions could be:

- To use the narrow band Iridium services (LEO)
- To use the Inmarsat wideband services (GEO)
- To deploy a cellular babauling system (GEO)

6.7.3.1 CAMUseCases

The use of the Iridium constellation is planned for CAM application. The terminal is a satellite phone that has
a subscription to Iridium and sends messages via the satellite network to a service platfosanvite platform,
which collects the €TS messages is common to cellular and satellite messages.
Thecurrent base line is the Iridium solutions. From feasibility point of view also other solutions could be taken
into consideration.
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6.7.3.2 FerryUseCase (UC 5)1

The ferry use case will be used to demonstrate the utilisation of satellite to extend the coverage of terrestrial
system over sea. A cellular backhauling system, composed of satellite routers, modems and steerable antennas
could be deployed to connect&bG base station located on the ship to the 5G core located on the ground. The
backhauling system is transparent to the end users, so that there is no modification of the 10T terminals when
they use the satellite connectivitizigure71 shows the architecture of the communication chain.

5G Backhauling architecture

________________________________________

|

Radio link

I B = e

plication data (logical link)
""""""" e R TS
______________________________________ 1 Ground

______________________________________

Figure71 Cellular backhauling architecture for the ferry use case
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7. 5GROUTE3nitial Deployment Plan

Maturity of 5G technologies and commercial solution readinfgsdeployment of 5G networksre still in
development phasin 2022 Therefore an initial deploymentof 5GROUTER®ial network solutionplan isbased
solelyon CAM featuresalready available from 3GHRlease 15Achallenge ahead is ttormulate deployment
plan with realistidcimeline respectingdelays ofReleasel6 and 17andits consequencegroviding commercial
solutions forvendors to procure and depld@oreand RAN equipment Adeployment plan shouldlign several
primarily unrelated events andsettings toenable initial tials of use casesSGROUTES deployment plén
describedfrom network, trial sites and use casgsrspectivewith a firstinitial versionin deliverable 1.1Qvith
an outcome to high level timelinendsecondfinal iteration inthe nextdeliverable 1.4vith detailed description
based onlessons learnednd gained experiencewithin the project.Each tral site hasdesignedits own Gantt
chart for clarification of time frame and availéty.
The 5GROUTES project deploymagianned to implement in threphaseshasedon availabilityof technologies
andUCgeadiness
9 First phase; 5G NSA network deploymenh existing commercial 5G networks provided by LMT
and TeliaAim for first phase is toealizefirst tests andocalizedrials to validate overall radiness
andthese testswill serve aperformance referencéor next testsand trials
1 Second phase 5GSACore and RAN delopmentplanningstarted inparallel withfirst phase5G
NSAocalizedrials and actual deployment activitiewe coveredasa secondhaseto get readyfor
release 16 feature®calizedtrials.
I Third phase; relays orachievements in project and gained lessons leatoembntinuewith alarge
scale cross border handovetrials based onrelease 16 features deployment armelease 17
introduction in case ofechnological availability.

7.1 Network Deployment Options

Multiple connectivity options in the 3GPP architecture for 5G have created several possible deployment
alternatives shown ifablel4 andin Figure72Error! Reference source not foundinitial focus for commercial
non-standalone (NSA) deployment with release 15 is on Option 3, but further 5G deployments with next releases
were considered on Option 2, Option 4 or Optionhe Main difference is which radio access technology (RAT)

is used as main: OptiondNR and Option € LTE. Option 2 is Standalone (SA) option and represents a 5G NR
access deployed in the network and connected to the 5GC. This option is most suitd¥iddar, if it wants to

offer 5G only service without 4G intgrorkingand dual mode corenaintenance This option is considered as

main for 5G deployment iBGROUTESrojectandthis type of deployment option will allow to implement and

test all types ofuse cases

Tablel4 5G deployment options

Option Core Network Master RAT Secondary RAT Type
Option 3 EPC LTE NR NSA
Option 2 5GC NR - SA
Option 4 5GC NR elLTE NSA
Option 5 5GC eLTE - SA
Option 7 5GC eLTE NR NSA
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Figure72 5G deployment optiong28]

7.2 5G NSAeployment

To ensure the opportunityo provide 5G tests befor8G SA deployment, existing LMT and Telia 5G NSA Core
commercial networks will bprovided for 5GROUTE&Nnd5G base statins (release 15, NSA) will be deployed in
Bikernieki racetrack, Valkdalga and Muugaarbor. Connectivity from Vasaari will be providedvith existing

Telia 5Gietworkcoverage on a s6aom coast of FinlandMeasurements on a ferry have been maedesdbed

in Section 6.&andit could be assumed thahere is no need to performadditional deployments in Finland for
5GROUTEfroject.In almost all trial sites, the 3.5GHz frequency will be used, which is already available in Latvia
and possibly also in Estonia on time when tests will be performed. The only exception is use cases tasted on
ferry, where the 700Mhz frequen@&t Muuga habor will also be used to provide extended coverage. In the case
of Bikernieki racetrack, additional conditions for the use of spectrum shouttbhsidered in order to ensure

Telia coverage in Latvia, a spectrum of frequencies already issued to localmisOse used. Telia will use the
spectrum issued to LMT for the duration of the test with a temporawhorization from the regulatory
authorities.High level view of network architecture is showrFigue 73. 5G NSA higlevel architecturewith
additionalthree external server® provide Tenant WEB portal, MQTT routing and Gaming server functionalities.
Fewdeploymentchallenges already have been identifiaad possible solutions will be searchadd validated

within the framework of the projece.g.roaming limitationoptionsonly for CAM testoutersto avoid existing

LMT usersiearby Bikernieki racetrackeamlessiandoverat Bikernieki racetracktc.

© 5GROUTE2®0 Page |83



D 110Report on 56ROUTES CAM deployment plan and losigen deployment strategies2.0

EPC Core
TELIAEE

IP Network
I
| | |
-_— —_— —_—
HOME PLMN i VISITED PLMN
S v . ==
| —

m
m
A
&
o

Figure 73 5G NSA higlevel architecture

7.3 5G SADeployment

According to initial plan of theGROUT$roject, 5Gconnectivitywas planned to provide on commercial 5G
Standalone networks by LMT and Teli&onsidering delays of release 4&ndardizationand availability of
commercial networksa decision has been takendeploy twotest 5G SA Coresnecentral site located in Riga
with edge site in Valka provided by LMT, second centrallaiigted inTallinn provided by TaltectBuch an
approach ensuresfaster implementation gives an opportunity to test fulbG capabilities andelease 16
functionalitiesin the project second phasand will providewider opportunities for test@and trialswithout any
impact oncommercial services provided MNOs The main objective of the 5G network deployment planning
is to provide a networKor successful demonstrations without individual adjustments or configuratibas
meets all the requirements and needs of ade casedbased on KPldefined bytask 1.1 angbooled inTableb.
Composite KPIs of UQdigh level descriptiorof initial network architecture andoperational principlesare
described in this chaptehere are stilfew open questions whichwill be clarifiedin ongoing discussianin
parallel with 5G network deployment activitiesg. final 5G SA Core functionalitiegechnological enablers
integration opportunities with 5G Coreetwork orchestrator,end-to-end slicingfunctionality, second MEC
necessitydetails onsatellite integration additional HWdeployment for externasystemsand others.

5G Core solution includes products, solutiond aervices in the Management, Orchestration, Core Network
Applications and Cloud Infrastructure domairiscovers 5G Core network functions including subscriber data
management and policy functionSolution provided in 5&0OUTES will include all thressyérs of the packet
core network:

1 User plane Layer (PCG CtlBger Traffic Steering and Shaping
1 Control Layer (PCC CNMobility and Session management
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1 Data Layer (UDM & Policy CN&$)ser subscriptions, policy and authentication data, procedures, and
information.

Main target ighat all NFs are built cloud native based on microservicesitial network deployment plamain
SA Corservicesare irdicated, listedbelow,and shownin Figure74. 5G SA Core initial architecture

1 Packet Core ControllefPCC)solution provide device network accesand session management
Functionalitywill include Access and MobilititanagementFunction(AMF) andSessiormanagement
Function (SMF)

1 Packet Core Gatewd{PCG)s used fo processing of data payloashabling UE tdvave simultaneous
local andcentral anchoring of PDU sessionsunctionalitywill include Traffic Analysis and Traffic
ClassificationRacketRoutirg and Forwardinghuthentication andAuthorization) PCGQully coversEPC
and 5G Core user plane, deppcket inspectionintegratedTraffic Management Function (TMBGPP
network functions UPF, SGU and PGAL.

1 Cloud Core Data ManagéCCDM)xompromisessG Unified Data Reposito(WDR and Provisioning
Function UDRstores 5G Core subscription and policy data d@mvisioning Functiorprovides
provisioning interface fostored data

1 Cloud Core Resource Control[@CRQrovides NF Repositoyunction (NRF) which is a kiemction
enabling service discovery across MRga access to network sing.

9 Cloud Core Subscription Manag€CSMprovides user authentication and subscription management
for 5G access includingnfied Data Management (UDM) and Authentication Server Fun¢tduSF)
functionalities.

1 Ericsson Dynamic Activatidtrovisioning orchestratio(EDA2gnabledaunch and actiation ofservices
for subscribers, this is a main link between Business Support Sgstérdperations Support System
layers.

1 Signaling Controllg|SC1providesSecurity Edge Protection Proxy (SEPP) which enables 5G roaming and
security for connections bateen MNOs.

9 Ericsson Network Locatidi&ENL)s separately added t6GROUTES project to providetwork location
service for several UCd!/ithin the project ENEunctionality capabilitiesvill be validated and deployed
based on technologicalvailability by the vendor.

9 Ericsson Orchestrat@volved VNF ManagéEO EVNFMrovides Life Cycle Management (LCM) support
for Cloud native Networkunction (CNFA single EVNFM can handle CNF orchestration across multiple
CCD clusters.

All elementgplanned tobe integrated with:

9 NR Radio (N2, N3 interfaces)

Data network / Internet (N6)
LMTPLMN/Taltech SEPP (N32) for roaming
Edge PCG (N4, N9)

Network Location ENL (NLs, NLg)

E B
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7.4 5GROUTE®eployment Timeline

A deployment timeline serves purpose taalignpartners involvedielivering hardware or softwarsolutions to

be verified and validatedon initial or fully deployedbG infrastructure Among focal point is readiness phase
accessibility of initial 5G NSA Reth&n initial deployment of Rell16. 5G SA and finally Rel 16 operation cross
border roaminghandoversolution

7.4.1 5GNetwork Deployment Timeline

Figure75. 5G network deployment timeline

© 5GROUTE2®0 Page |87



























