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Deployment Enablers

Ensure the project maximises its impact and takes a detailed look on technical,
cooperation, business, standardization and policy/regulatory recommendations




Our work at a glance

¢ Provide recommendations and deployment options for the proposed
technologies
¢ Challenges/Recommendations for deployment and roll-out
e Focuses on technical issues

¢ Provided a micro (project-specific) and macro (ecosystem-specific) view of
challenges and recommendations

¢ Provided prioritisation of recommendations based on utility, cost and ranking of
the criticality of the challenges (performed through stakeholder inputs)

¢ Foster the adoption of innovative business models for 5G-enabled
CCAM

e Explain value chain created by the *project user stories
¢ Provide tentative business plans
¢ Provide customer exploration maps
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Our work at a glance

¢ Contribute to the relevant standardisation bodies and spectrum
allocation bodies

¢ Monitor partner inputs to standardisation bodies
¢ Explore standardisation gaps
e Explore issues of spectrum availability and capacity

¢ Provide recommendations to policy makers for the adoption of 5G-
MOBIX solutions

e Explore regulatory and policy ecosystem

e Explore cooperation issues among stakeholders

¢ Provide challenges and recommendations across the value chain
¢ Deployment study & ICT-18 Deployment Metastudy

¢ Additional activities mandated by the EC
¢ Various dissemination and exploitation activities
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Overview




Initial recommendations

Issue name

Recommendations

D lssue name Recommend;
+ Identification and development of legal instruments, additional to

e ey e o ol o' e s
spectrum management, that are necessary to provide an app

m || osemmy  accdents o sty sues
legal framework that provides the legal certainty req « Extrapolation of trajectory of "lost” vehicles.
facilitate the investments necessary for the deploymep A2 Dynamic QoS Continuity
technologies. « Defining a *Master ITS centre" to Conflct resolution techniques for DENMICAM
Lack of unified regulation Define requirements and potential needs for thg memgs
about traffic rules needed. Agreed safety standards for highly autog e « Push for standardized data formats | API.
and function on public roads. L] d Gl « Translation SW into single format for border areas
" . « 3rd party reference clock.
Develop different design strategies depending + Pro-active clock drift compensation based on analytics.
Enable the transition in the most efficient a Stack nteroperabilty « Under discussion.
frastructure (markings, road signs, layo Time Interoperability = Under discussion.
infrastructure. Accurate Geo-Positoning + Under discussion.
Liability of MEC applications
o « Under discussion

Consideration of constraints
related to SG/EMF emission  « SeeL7.

«With a regulation, collision avoidance
responsibllities can be separated between vd

Geo-driven Discovery

positionin

« Coordinated geo-distribution mechanisms among network components, RS! and
MEC between countris.

« Single digitalimage of the cross-border environment.

« Enhanced postioning accuracy vi diferential GPS and camerajradar relative

9
« Proactive pre-allocation of resources in new spectrum

Real-time Mult-tier
Jimits - i + Under discussion
Networks densification R On-demand Processing  + Under discussion.
implications for regulation Service Specifications « Under discussion
Lengthy engagement and * Under discussion
procurement exercises

Human exposure to

radiofrequency

electromagnetic fields (EMF)

Wireless operators may not
have the right to install small
cell or radio apparatus onto
street furniture such as
lampposts
Net neutrality

ge
computing solutions
Where new antennae are added, all regui

the bord

MECs, forstateful « Harmonized application level solution needed (ideally following indications from
Applications when crossing | ETSI1SG MEC)

e = Deployment
Organization (WHO), based on the ICNIRP Rf

across neighbouring 56
networks

Policymakers that offer streamlined and |
benefit the most from the innovation and ec

Dependabilty « Fault-prevention and fault-tolerance mechanisms, for instance redundant 5G
Tesements of CCAM networks, are typically employe to ensure such high dependabiy requirements.

« Under discussion,

compatible with localised solutions. Relatef

virtualised and distributed infrastructure aftd

Ll Ll L] Fallback in case of network -
. e + Fallback to 4G or national roaming
ata Qualitv-Validi .
in different areas, however there is a neef

R o e R G o R

Quicker network handover  order to reduce. Interruption time during Handover procedure. Requires
s e (1 () A (00 s G e G G
Approva\ by regulatory. — MG
authori X traffic
Ha,mmud gy “ A regulatory framework for 5G CCAM dlassifcation " mappedonURLLC e and o etk on e or ATC s
harmonized at least on a European level - idg <
ramsseioncei ] r r G “This could
prlcstanitinthe 8l a a o e a n a em en mortorsacrose e
Gperatosscossorders tha SI o th dediated RRC configurationfo ases of potentil cormmuncaton

DPM1

DPM2

DPM3

DPMy

with vehicles operated by another mobile operator.

Issue name Recommenc

Data Barriers:

« Combatting GDPR
fragmentation

« Combined use of Al
automation and responsible
analytics

« Standardised data access, use

of open data and ensuring data

sl ixed On-Board infrastructure T o

« The impact of using Al for data
analysis needs to be
determined

« Data quality needs to be
assured

« Accountability & Transparency

Application and interoperabilit

transportinfrastructure including the
e protection of users' privacy and

I EU-level approaches, agreements

bersecurity recommendations Lo

a minimum quality of service (QoS)
« Standardised data access, use rhemu B,
of open data and ensuring data
quality
+ Anonymisation on-the-fly
« Accesstoa data
economy/platform.
« Data Sharing among public
and private actors.

est security tools like firewalls and
PoS) detection to ensure the network is

OLD (m aC rO) recommen d ati ons (1 5) B

es like threat modelling, which allows to map
‘provide the right countermeasures, reinforcing

inking like an attacker in order to'stop the,

« Well defined framework (pollcy andr

is needed to encourage the different parties (including services users) to share ’ ‘
their data. As data sharing has a significant impact on privacy and security,
policies and rules are needed to ensure appropriate use of the shared data.
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Example: Prioritisation of x-border issues and
recommendations

GR-TR ES-PT

IM
ID K-border Considered solutions U C F PA|U  C F IMPAC
Issue Title T
cT
. . . |
1) Inter-PLMN HO using extra interface between the
XBl_1. 4
- NSA 2 PLMN + Release with redirect ®43 ©29 IO 15 . 04 O 26 (015
. 2) Single modem with application to steer :
XBl_1.2 = Roaming - 40 025 ®16| &+ @3, @40 @03 2
interruption | _connectivity 040 ® !. ' ® . '
XBI_1.3 3) Multi-modem | multi-SIM implementation 0370228013 4 04 @32 013 -
SA Roaming | 1) Requirements and proposed architecture for inter- '
XBl_2 interruption PLMN handover with SA networks . 4,3 D29 IO 1> .4 O 2,7 .1’6 4
. . . . I
1) Considering the low latency possible with a direct
XBl_31 2
=3 Inter-PLMN connection (theoretical lower limit). O 41 024 |. L7 L E . 2,2 O 16
interconnect | 2) Comparing impact when using a shared |
XBI_3.2 ion latency connection (not optimized for latency, e.g., Internet | 2,3 @ 2 11 2 92014 ®18 2
based), giving a worst-case scenario |
XBl_4.1 Low 1) Satellite connectivity . 36 @32 11 & O34 . 3,1 (13 4
coverage y
XBl42 | Areas 2) Multi-modem / multi-sim 037 028013 4 03,032 012 4
NOTE. Corridor Impact:
1 Has not impact
2 Has little impact, brings awareness to a specific gap
3 Has average Impact - somewhat limits an existing gap
4 It has the potential to simplify CAM deployment
5 Has great Impact - will greatly help 5G for CAM deployment plan
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Analytical tools

¢ Customer Exploration Map

¢ With the help of this tool, we
will be able to see interactions
among stakeholders, compare
existing and new proposed
solutions, what customers like
and dislikes etc..

¢ Value chain representation &
Business Model Canvas to
understand the stakeholder
ecosystem and business models
arising from our user stories

ES-PT Final Event, 13-14 Sept 2022.

i Existing solutions
: Arvy kind of soluticn that coukd help to fulfill the needs

Customer Exploration Map ¢
;’wh;a;, ;j_u_r_Cl_J;.t_D_n:u;r_f_L;s_t;r_f_s_te_:l;e_r{c;lr_:jéf: > What are r_u_s_nkéé ;”u:wr_:l_d_m_h_k;e;? _______________
: Be specific por;n’ :.;r- n, job, inter Related 1o the general cha r af the person § stakeholder

| Iu’dc:ma-.vl_.r industry, pu p

' Jobs to be done & challenges ' | What we don't know

o
. ) Assum| I
| Functional / sacial n’tmo:-onal.f ppo ting needs in a specific situation 1| Assumptions, black spots B
| ag | nead fost transport / ,L e ety el 0. | | Why/when is something a challenge / a good experience

I
| ‘Quotes, that could be r cal for this person

i 1 THIS WOULD BE GAME CHANGING!

[
1 Empolh ize with your customer / user / stakehaolder
I | What would be the perfect solution, situation or experience?
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Standardisation gaps and spectrum issues

Standardization Gaps

Integration of satellite access in 5G

Seamless cross-border roaming in 5G

IPv6-based 5G for Connected &
Automated Mobility

Dynamic Service Discovery and
Placement in C-V2X Slice for CAM

ETSIITS Services

ETSIMEC

Ubiquitous 5G coverage can be enabled by integration of
non-terrestrial communication capability.

A tight integration and exchange of information between
the bordering MNOs is required.

Migration to IPv6 will be required with the proliferating
number of connected devices. How will CAM be affected?

A service discovery method is explored for establishment
of C-V2Xslices.

Advanced Driving use case design and performance should
be investigated with 5G connectivity.

The requirements from the ETSI MEC architecture should
be revisited for cross-border settings.

W °C
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Policy recommendations

The recommendation section of D6.8 provides 18 selected key roles recommendations for policy makers and
19 for requlatory authorities. For the presentation purpose 3 recommendations from each section were

selected.

Selected recommendations for

Selected recommendations for policy
makers

regulatory authorities

Vehicle certification/Type approval. Vehicles that rely on
V2N and V2V communications should be subject to some
level of certification for the whole vehicle, not just the
modem component or the OBU.

Coverage cannot be guaranteed 100%, thus mechanisms
should be designed so that autonomous vehicles
(different levels of autonomy Regulators 69 may have
different requirements) are capable of safely coping with
coverage loss or signal degradation.

5Gis still in its early phases but LTE is mature. The
recommendation is to foster the deployment of 5G
networks.

Target area: CAM
Timeline: Long
term

Target area: 5G
Timeline: Long
term

Target area: 5G
Timeline: Short
term

Target area: 5G
Timeline: Medium
term

Target area: 5G
Timeline: Medium
term

Target area: CAM
MNOs, Authorities
68 Timeline: Short
term

ES-PT Final Event, 13-14 Sept 2022.

For CAM services, policy makers have to ensure that
MNOs provide consisted coverage along relevant routes.

There is a need to increase 5G coverage in the
motorways and other roads where there is no coverage.
Policy makers need to play a relevant role to improve the
situation. In any case, the networks deployed need also
to be commercially viable.

Prioritization towards the most relevant use cases,
including the definition of the corresponding
architectures and validation methods.
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5G-MOBIX Deployment Study
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Geographical scope

Geographical Overview:

~40km section (20km on each side of the border) of
each of the following five CBCs was assessed as part of
this study.

e ES-PT: Tui/Valenca(Vigo—Porto)

e GR-TR:Kipoi/lpsala(Alexandroupoli—Kesan)
e DE-NL: Veldhuizen(Emmerich—Arnhem)

e FI-NO: Kilpisjarvi(Skibotn—Muonio)

e ES-FR: LePerthus(Figueres—Perpignan)

Mandated at the initiative of the European Commission

Scope: Estimate the investment “delta” to provide adequate 5G coverage and capacity on Cross-border Corridors, serving the
needs of advanced CAM

Undertaken by DETECON Consulting on behalf of 5G-MOBIX after a public RFQ process ﬁ

7 5GMOBIX

ES-PT Final Event, 13-14 Sept 2022. Herkese Ack-Public



Existing sites in DE-NL, 5G NR 3500 MHz TDD radio
coverage simulation

Preliminary
Example

Existing infrastructure
(coverage maps, interviews)

o

Necessary infrastructure
(radio planning)

—— Research
s (reports, previous projects) —
Varsseveld

Interview responses on
‘Gaanderen costs

4 }Te.t.)org , ~——

ilvolde

5G deployment plans
(interviews, cov. obligations)

(

Cost catalog
; (CAPEX & OPEX per
e site per country)

BoQ per CBC

Investment Delta
(CAPEX & OPEX per
site CBC)

&3

LEGEND
RSRP Interpretation | Color code
Existing site  New site

-60dBm Excellent Brown orange

2 o -72dBm Very good
= I W -90dBm Good
'vl»‘ \ &; 4,"& ;‘- % “ 111dB L
Kr ' ” : ;\g - 2 I : " =
anenbUfg o 4 i ) 122 dBm Poor Dark blue
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Existing and new sites in DE-NL, 5G NR 3500 MHz TDD radio
coverage simulation

EETITTER
%

b Y Preliminary
V4 Example

;/'l

/
Ddetinchern? oh . .

T 7 | = Existing sites could be upgraded to
&5 4 o G: 12 on the German side, 2 on the
" i etherlands side

. , Varsseveld
g Caanderen : = 12 new sites were added and

distributed along the road in order to
provide seamless coverage: 8 along
the German stretch of the corridor, %
along the Netherlands stretch of the
7 corridor

= Fleet share estimates, vehicle traffic
estimates, CAM requirements

W%, Silvolde
‘_\_\_.\ 2 I-!
| “ﬁ#
Ulf S

i

3
f 'y
N

LEGEND

RSRP Interpretation
Existing site  New site

-60dBm Excellent Brown orange
E—

-111dBm
122dBm Dark blue

" -Public




Study comparison Gap analysis — Key findings Future framework
¢ 5Gfor CAM: Deployment Study Synthesis ) o ' ) T )

Comparing the costs of shows major corridor cost differences.

Deployment cost for the 700MHz scenario, on all corridor

I CcAPEXnew [ CAPEXupgrade annual OPEX

FI-NO | 2,652,600

The costs have been compared considering the 2023

DE-NL 1,507,840 deployment scenario

GR-TR

Each corridor is 40km, approximately 20km on each side
PT-ES I 1,343,200
ES-FR I 661,700 For each corridor the deployment planned and obligations have
o 1,000,000 3,000,000 5,000,000 5,000,000 been deducted to obtain the investment delta:
Deployment cost for the 3.5GHz scenario, on all corridor A= RANyequirea = (RANpiannea + RANexisting)
I cAPEXnew [ CAPEXupgrade annual OPEX

B 6,388,300 Cost varies drastically between corridors showing the impact of:
= Existing infrastructure

DE-NL I 1,528,135
= Price differences between countries
l 1,966,080

N 3,313,800 = Geographic surroundings
- 3,108,600

o) 1,000,000 3,000,000 5,000,000 7,000,000

— N\ 9
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ICT-18 Deployment Meta-study




Deployment Metastudy Objectives

e The overall objective of the metastudy is to compare the three underlying
studies, consolidate their results, identify methodological and analytical
gaps

e The metastudy reflects the diversity of the three different approachesin

order to arrive at a consolidated perspective on 5G deployment and related
investment estimates with respect to the CEF2 Digital deployment.

e The study is available online [pdf]
e DETECON was subcontracted by 5G CroCo to perform this task

e The three ICT-18 projects, along with DETECON, organised a panel during
EuCNC 2022 and have submitted a paper to IEEE Future Networks 2022 which
has been accepted.

@ sam
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Comparative Analysis

Comparison Between
the Deployment Studies

Gap Analysis Between
the Studies

Cost Comparison
Between the Studies

Key Findings

Future Framework

Ry /
f's 5GMOBIX

T00MHz and 3.5GHz
deployment in 2023 or 2025
Precise radio planning using
the HTZ simulation tool

Cost A calculated considering
planned and existing sites

5GCroCoy,

Coverage, with IsD of 3km, and
high throughput, with 15D of
1km, 3.xGHz scenarios

Cost calculation attributing a
percentage of the costs to
CAM (10% to 50% of CAPEX)

Technical Gaps

CAM
requirements

Cross-border
handover

Cross border Satellite
handovers Comms

Network
sharing
Regulatory Gaps
Roll out Regulatory
obligations uncertainty
Environment Cross border
impact data policies

Alignment of Access to RO
the NRAs network

Average costs of the corridors per
100km (high density case®)

8,261,120

""" Es’,iﬂli,'[iéé""'"""""w
4,012,499

5G MOBIX 535G CROCO 5G CARMEN

Average upgraded (grey) and new
(blue) sites per 100km (high
density case®)

Costs vary depending on the
location and geographic
specificities of the corridor
There are several key steps in
estimating the investment
delta that all three studies have
in common

Differences are mainly within
the applied methodology for
each step

Generally, estimations of the
investment deltas align
among the three studies

Determine CAM reguirements

. 4 $

Choice of Choice of

a specific a frequently
geographical used

landscape cormidor

¥ ¥

Considering Considering
corridor specific global
regulations regulations

. 4 4

Cnnsiden’ng Considering

country specific global
costs

R, S, P,

CAM service penetration and, road
and network traffic estimation

o oo e T

costs

9 1 [ G o bomien Deployment scenario and technology
9 5 G Financial Gaps 2 T e 3 ¥ 3 ¥
Continuous 700MHz and 3.7GHz Role of big L R Radio network planning
tech and inflation o s i
deployment between 2021 and 5GMOBIX 5G CROCO 5G CARMEN e 0 e ——— $ & 3
2025 Revenue Availability of P — Multi-access Edge Computing
Precise radio planning model of CAM space on BS “High density case: O e e deployment and study of impact

Costs calculated per year with
15% planned upgrades and
revenue from 5G senvices

Communal Role of logistic
benefits companies

= 3.5GHz deployment in
= High throughput case in 56 CROCO
= Optimistic approach in 5G CARMEN

4y ¥ 3 &

Total cost delta calculation
with price elevation and inflation

isCy: Inter-sife Distance; RO: Road Operators; BS: Base Station

DETECON

CONSULTING

m 5GMOBIX ﬁCroCdL QJ?5GCARMEN
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¢ 5Gfor CAM: Deployment Study Synthesis

Study comparison — Cost comparison Key findings Future framework

Several issues and cost drivers remain unclear. They can be grouped into three larger
categories: technical, regulatory and financial gaps.

Technical gaps

®

V o—
[V guu—

Unclear CAM Roll-out obligations
requirements @

~ Cross-border handovers
and network

<<;&>) N et

Assumption of
availability of space Alignment between
on base station site NRAs
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i

Regulatory-legal
uncertainty

Financial gaps

©
Pl =

Revenue models for

CAM services - Q —

Potential investment

@ in alternative
D3' technologies

Price Evolution and
Inflation

e i N .9
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e 5Gfor CAM: Deployment Study Synthesis

Study comparison

Gap analysis — Key findings

- Future framework

The cost comparison has been made between the average case of the three
deployment studies and the EU CEF2 baseline report.

We choose for each of the studies the average of all corridors or
segments normalized to 100km to compare the results for each density

scenario and compare it to the cost per 100km estimated in 2017 by the EU
CEF2report

Average deployment cost of all corridors per 100km

B CAPEX in EUR for a high-density deployment per 200km
B CAPEX in EUR for a low-density deployment per 100km

8.900.000

6.614.093

3.600.000 3.381.210

EU CEF2 2017

5G MOBIX
(deployment in 2023)

5G CROCO 5G CARMEN
(deployment from

2021 to 2025)

ES-PT Final Event, 13-14 Sept 2022.

We choose for each of the studies a similar geographical corridor or
segment normalized to 100km to compare the results for each density

scenario an compare it to the cost per 100km estimated in 2017 by the EU
CEF2report.

Average deployment cost for specific corridor per 200km

8.900.000

7.281.000 7-423.522

5.310.151

3.600.000

3.085.500

2.695.328 2.296.363

EU CEF2 2017

5G MOBIX
(deployment in 2023)

5G CROCO 5G CARMEN

(deployment from
2021 to 2025)

m S5GMOBIX 5GCroCoj,
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