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Executive summary

Abstract

This whitepaper provides a comprehensive and systemic analysis of the future evolution of
the European telecommunications ecosystem. It highlights how technological innovation,
economic pressures, and regulatory choices are jointly reshaping roles, business amatlels,
value creation mechanisms. Through a layered ecosystem model and the application of
technology and strategic foresight methodologies, the study identifies four alternative future
scenarios up to 2040 and assesses their implications in terms of ecoabmeccompetitive
dynamics, and technological development.

A core contribution of the whifgaper is the quantitative estimation of the current and future
value of the European telecommunications ecosystem, showing that overall growth is positive
but highly uneven across layers. While traditional connecthélsited activities tend toward

a lower growth the strongestontribution to the whole ecosystegnowth concerns the
enabling technologies such as cloud, artificial intelligerugdaersecurityanddataanalytics.

The paper concludes by identifying key strategic crossroads for industry glayer
policymakers, underlining that industrial and regulatory choices will be decisive in steering
Europe toward more sustainable, innovative, and sovereign digital futures.

The study

This whitepaper represents the final outcome of a rrydar research effort carried out within the
RESTART programme, aimed at understanding and anticipating the evolution of the
telecommunications ecosystem in Europe. The study is rooted in the observatioa dtastitstem

is undergoing a prolonged phase of structural stress, marked by declining revenues for traditional
telecom operators, increasing fragmentation of European markets, rising investment requirements for
nextgeneration networkend price competitio, and growing competitive pressure from global
digital platforms.

The analysis starts with an-tepth assessment of the current market context, highlighting the
mismatch between the exponential growth of data traffic and digital service demand, and the limited
ability of telecom operators to capture value from this ginovt the same time, telecommunications
infrastructures are becoming increasingly strategic for the digital transformation of industries, public
administrations, and society at large.

To address these challenges, the wpdper adopts a conceptual framework based on the notions of
business model, value network, and ecosystem. This approach allows the analysis to move beyond
linear value chains and to capture the complex interdependencies among heterogeneous actors
operatingacross different layers of the telecommunicatiec®system.

The research is structured around two complementary perspectives. TiBeaf@lysis maps the
current European telecommunications ecosystem, identifying activities, actors, business model
archetypes, and market valuation. The-BP analysis applies strategand technological foresight
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methodologies to explore how the ecosystem might evolve under different combinations of
technological, economic, and regulatory drivers.

By integrating qualitative insights, quantitative market estimations, and scenario analysis, the white
paper does not aim to predict a single future, but rather to define a space of plausible futures. In doing
S0, it provides a decisiesupport tool for both industry stakeholders and policymakers, helping them

to understand the loAgrm consequences of gent strategic choices.

The layered ecosystem model and market valuation

A central pillar of the whitepaper is the introduction of a layered model of the European
telecommunications ecosystem, designed to represent the full set of activities involved in the creation,
delivery, and capture of value. The modeattizicturednto five interconnected layers

At the base lies thmternational backbone infrastructure, which includes global interconnection
assets such as submarine cables. This layer is highly esp@asive, geopolitically relevant, and
characterized by a limited number of global players.

Above it, the network infrastructure layer encompassesd, wireless and IT infrastructures.

This includes passive and active access networks, transport networks, towers, data centers, and
Internet Exchange Points. This layer is increasingly affected by infrastructure sharing, the emergence
of specialized infrastructure providers, and new foainseparation between ownership and service
provision.

The third layer consists afetwork management, provisioning, and integration activities It
includes core network functions, network orchestration, virtualization, and IT integration. This layer
iIs undergoing profound transformation due to cloadve architectures, softwadefined
networking, and the introduction of artificial intelligenm network operations.

The fourth layer coversonnectivity services and enabling technology serviceb addition to
traditional fixed and mobile connectivity, it includes services based on cloud computing, artificial
intelligence, 10T, cybersecurity, data management, and edge computing. This layer increasingly
represents the interface between conndgtamnd highetvalue digital services.

Finally, the top layer is composeddgital services and applications linked to connectivityoften
developed for specific industry verticals. These services integrate connectiviipavitiry-specific
knowledge to support advanced use cases in manufacturing, mobility, healthcare, energy, and public
services.

Alongside the structural model, the whpiaper provides a detailed quantitative estimation of the
value and growth dynamics of the European telecommunications ecosystem within a horizon of
5 yearstill 2030.

The overall value of the European telecommunications ecosystem is estimatéd,att 4 2 b i | | i
2024 with an expectedompound annual growth rate (CAGR) of around 8% until 2030. This
aggregate figure, however, masks strong asymmetries across ecosystem layers and activities.

Theinfrastructure layer as a whole shows positive but moderate growth, clo3&oWithin this
layer: wired network infrastructures account for approximatel§y 8 4 b, iwithl an estimated
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annual growth rate d3.7%; wireless network infrastructures are valued at around5 6 b, i | | i
growing at6.9%; IT infrastructure , including data centers and interconnection facilities, represents
a significantly larger component, with a value of about 0 5 landla growbhrrate @.8%.

By contrast, theaetwork management, provisioning, and integration layeishows signs of
stagnation or slight contraction. Specificalljnetwork management and provisioning
activitesamount to roughlyi 1 3 9 b iwithlzeroo net growth expected; Integration
activities representabout 2 0 b, with hniestimated decline €3.6%. This reflects the increasing
perception of these activities as cost centers rather than sources of differentiated value, driven by
automation, standardization, and vendor codsdiion.

The connectivity services and enabling technologies layeggrows remarkably. Within this, the
connectivity serviceblock of activities is valued at approximatély3 0 6  pwith &niaverage
annual growth rate d@.8%. Among these activities, howeveraditional fixed and mobile
connectivity services are largely stablewhile specialized connectivity servicedoT services
andterminal sand chipsetsmarkets exhibit more dynamic growth patterns.

The most significant growth is concentrated in ¢habling technology services layerwhich
includescloud computing, 0T platforms, artificial intelligence, data, analytics, cybersecurity,
and edge computing This layer is valued at approximatély3 2 9 kamdlislexpected to grow at
a remarkablannual rate ofl4.2%, thus becoming the main driver of value creation within the
ecosystem.

Finally, digital services and applications linked to connectivityaccount foraround 1 03 bi | | i
but a relatively modest growth rate of oldlyl% is expected This indicates that, despite their
strategic importance, these services have not yet fully realized their economic potential within the
Europeantelco context,instead the value is captured by other +twoo players which develop
enterprise services exploiting connectivity as a means to offer digital applications to specific
industrial verticals

Overall, the market analysis highlights a structural shift in value creation: growth is increasingly
decoupled from traditional connectivity and instead driven by enabling technologies and integrated
digital services, where European telecom actors aremtlyrunderrepresented.

Future scenarios and foresight approach

The second padf the whitepaperis dedicated to a structurédresight exerciseaimed at exploring

how the European telecommunications ecosystem could evolve toward 2040 under different
configurations otechnological, economic, and regulatory forcesThe underlying assumption is

that traditional forecasting techniques are inadequate fortemng horizons characterized by high
uncertainty and structural discontinuities. Instead, the study adagiteitagic and technological
foresight approach, which emphasizes the constructiomufiple plausible futures and the
identification of levers that can steer the ecosystem toward more desirable outcomes.

The methodological process begins with the systematic identificatisigmdils of changehrough
extensive desk research, sestiuctured interviews with experts, and continuous interaction with the
RESTART research community. These inputs are analyzed and synthesized into a broad set of
technological, business, regulatory, and societal sreRdther than treating these trends in isolation,

6
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the research aggregates them into sixteen megatrends that capture deepemldogres shaping
the ecosystem.

Thesemegatrendsinclude, among others, the diffusion of-Based and cloudative networks, the
increasing integration of terrestrial and Aenrestrial (satellite) infrastructures, the convergence of
fixed and mobile networks, the platformization of connectivity thftowgen and programmable
network interfaces, and the growing relevance of sustainability, resilience, and energy efficiency.
Particular attention is devoted to megatrends that directly affect the distribution of roles and power
within the eosystem, such as infrastructure sharing, netisgkvice separation, mergers and
acquisitions, and new forms of collaboration between telco andehomactors.

Building on this analytical foundation, the whipaper definegour alternative future scenarios

These scenarios are not forecasts, but stylized representations that explore how different
combinations of megatrends, amplified to their extremes, could reshape the eccmydtéimey
together delimit the space of possible futures based on the Stoelyfirst two scenarios are more
conservative and not so far from the current ecosystem situation andeshottends, whereas the

third and fourth scenarios are more innovative and disruptive.

The first scenario describes a slow evolution path, in which current dynamics persjshdaed,
worsen) andconnectivity becomes increasingly commoditizederoding the strategic role and
profitability of traditional telecom operatoasid their ability to sustain significant investments in the
coming yearsThe second scenario envisiongansition toward a true European single market
enabled by consolidatiofmot only atthe national level) anthe emergence of large, p&uropean
players capable of sustaining investment and innovation at scale.

The third scenario explores a more structural transformation, characterizete byise of
infrastructure -centric players and the diffusion of open, interoperable platforms. In this
configuration, the separation between infrastructure and services becomes more pronounced,
enabling new business models such as Netwsw@Service and fostering competition and
innovation at tlk service layer. The fourth scenario further radicalizes this logic by asstuling
infrastructure separation and the widespread adopbn of shared platformsas the backbone of

the ecosystem, supported by strong regulatory coordination at the European level that stimulates also
the creation of European consartifor digital service within a digital sovereignty strategy.

Each scenario is analyzed along multiple dimensions, including internal value redistribution among
ecosystem actors, the overall value generated by the ecosystem, the capacity to expand into adjacen
digital markets, and the degree of technological dispapflhis comparative assessment highlights

that scenarios involving deeper structural change tend to generate hightartanglue and greater
technological autonomy for Europe, albeit at the cost of increased complexity in governance and
coordination n the shorterm.

Importantly, the analysis stresses that the future ecosystem is unlikely to correspond exactly to any
single scenario. Instead, it will emergeaahlybrid configuration shaped by strategic decisions
regulatory interventions, and external shocks. The scenarios therefore serve as a strategic tool to
understand tradeffs, anticipate unintended consequences, and support informed deuneskory

by both industry players and policymakers.
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Strategic crossroads

The final part of the whitpaper focuses on tlkey strategic crossroadshat will critically influence

the future configuration of the European telecommunications ecosystem. These crossroads do not
represent isolated decisions, but interdependent choices whose combined effects will shape
investment incentives, market struéls , and Europeds position in t

A first crucial issue concerriavestment in nextgeneration infrastructures. The deployment of

fiber networks, 5G and future 6G systems, edge computing, and integrated teirsaséflae
architectures requires sustained and {@rg capital commitments. The analysis highlights a tension
between the strategic importance of gdha@nvestments and the weakening financial capacity of
traditional telecom operators under current market conditions. Addressing this tension will require
new investment models,gaiter infrastructure sharing, and potentially revised regulatory frameworks
that better balance competition with investment sustainability.

Market consolidation emerges as a second strategic crossroads. On the one hand, consolidation can
improve economies of scale, reduce fragmentation, and strengthen the ability of European players to
compete globally. On the other hand, excessive or poorly governed consaolidski® reducing
competition and innovation. The whipaper emphasizes that the impact of consolidation critically
depends on the broader ecosystem configuration, particularly on whether infrastructure and service
layers remain vertically integrated or become increasingly specialized.

A third crossroads relates to the creation of a gersingde European telecommunications market

Despite decades of policy efforts, Europe remains fragmented along national lines, particularly with
respect to spectrum management, regulatory practices, and wholesale access conditions. The analysi:
suggests that greater harmonization at the Eurogeah ¢ould significantly enhance the efficiency

and global competitiveness of the ecosystem, but would require strong political commitment and
coordination among member states.

Technological sovereigntyconstitutes another central theme. The growing dependence en non
European providers for critical technologies such as cloud platforms, artificial intelligence, and
advanced network equipment raises concerns about strategic autonomy, resilience, aagtakie

The whitepaper discusses the potential role of coordinated European initjatindsas a European
Cloud and Al consortiumin mitigating these dependencies, while acknowledging the substantial
challenges involved in building credible alternatives at scale.

Finally, the decomposition and recomposition of the ecosystelmetween infrastructure and
servicesrepresents a structural crossroads withréaching implications. Moving toward greater
separation can foster specialization, innovation, and transparency, but also requires robust governance
mechanisms to ensure fair access, interoperability, aneidonginvestment incentives. The analysis
underscores that no single organizational model is universally optimal; rather, the effectiveness of
different configurations depends on how well they align with technological trajectories and regulatory
objectives.

In conclusion, the white paper argues that the future of European telecommunications depends on
coherent strategic and policy choices made today, as well as on sustained research and innovation.
Addressing challenges such as regulatory, legislative, diy gonstraints, high spectrum costs,

and market fragmentation must be accompanied by targeted R&D efforts that deliver tangible

8
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developments and realorld applicationsTelecommunications should be viewed not merely as an
ecosystem under stress, but as a foundational
the ecosystem toward scenarios that combine innovation, sustainability, and strategic autonomy will

be essential to ensure lofigrm economic growth, competitiveness, and social cohesion across the
European Union.
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Foreword

In a context marked by persistent economic challenges and rapid technological accederation
placing significant pressure even on major industry plagerst becomes essential to explore
plausible future scenarios. This white paper aims to examine the evolution of the European
telecommunications ecosystem through to 2040, taking into account not only business models and
market structures, but also the asatex technological and regulatory implications.

The analysis is the outcome of a multidisciplinary effort by management and telecommunications
engineers, who combine their expertise to deliver a comprehensive and integrated perspective. Each
scenario is presented with an appropriate level of detaimiewag all key variables to enable a
thorough understanding of its implications. This approach aims to provide market participants and
policy makers with the most complete possible view of future developments in the
telecommunications ecosystem, from bstitategic and economic perspectives.

The objective is not merely to identify future scenarios, but to map potential development pathways
and help industry players prepare for forthcoming change. Prospective analysis enables the
assessment of the lotgrm consequences of current decisions, itfentification of emerging
challenges and opportunities, and the formulation of effective risk management and growth strategies.
Moreover it supports decisiemakers in navigating potentially disruptive situations by offering
guidance on how to steeretlecosystem toward scenarios considered more favourable or desirable.

Finally, we wish tohighlight the importance of this work in promoting a foresight effort on other
European ecosystems as well, so as to replicate the same methodology used in this project with
common goals for the future wfhole Europen Union Indeed, the importance of imagining a future

and trying to direct its realisation is an act that must be undertaken to restore value and relevance to
a Europe of 450 million citizehs32 million compani¢s  a @tdilliod GDP3, making it the worlé

third largest economy.

Ihttps:/fit.wikipedia.org/wiki/Unione europea
https://www.infodata.ilsole240re.com/2024/01/06/queartnd eoperanenellue leconomiaeuropean-numeri/
Shttps://europeaminion.europa.eu/princip leuntrieshistory/factsandfigureseuropearunion it
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1. The state of the telecommunications market

The telecommunications value network is undergoing major technological, business, and regulatory
transformations. With this project, the RESTART research program aims to identify the most likely
future evolution scenarios of the telecommunications industitaly and internationally, beginning

with the identification and analysis of ongoing changes.

The first chapter of thigvhite papemrovides background information on the telecommunications
market and its dynamics, based on different perspectives. Initially, the narrative describes market
trends at the global and European levels, and lastly at the Italian level. This is followeara)yesis

of the level of competition and market dynamics. the chapter ends with some considerations on the
impact of the various digital markets in the telecommunications sector.

1.1. Global market evolution in recent years

According to estimates by the Mediobanca Research #hre revenues of global telecommunications
operators in 200 amounted to EUR 1I76.4 billion, and grew in four years by8%, thus reaching a
value of EUR 269.8billion in 2024, a figure that igrowthcompared to the previous ye&r2%0).

From a revenue composition perspective, 2024 clearly highlights the transformation currently
underway in the sector. Voice services grew by only 1.4%, device sales by 0.9%, while wholesale
revenues increased by 1.8%. The only truly dynamic componentrissegpted by ICT services,
which recorded a 5.4% increase, confirming their role as the main driver of future growth. This trend
indicates that telco growth no longer stems from the traditional core business, but rather from the
ability to evolve toward maals closer to those of technology companies, integrating cloud,
cybersecurity, data centers, 0T, and advanced digital solutions for enterprises and public
administrations.

The AsiaPacific region grows the most, rising frafd 80 billion in 2020 to 523.8 billion in 2024,
registering +8% growth. It is also the region with the highest growth rate imt2@#aching 8.8%
over 203. The positive results continue, albeit weakened, in the first half &, 2@#%ch marks a
+2.5% yearon-year increase.

The EMEA (Europe, Middle East and Africa) region increases its valud @b 4 years. In 220,

it was worth EUR 38.0bn compared to EURS3.4bn in 202, essentially stabledompared to 202
However, ASM estimates a pforma trend of +.5% yearonryear. The increase continues in the
first half of 205 (+28%)

In the same period (20-2024), AmericasTelco revenues fell frord004 to 3526 in 4 years. 202
shows goositiverate (-0.8%) compared to 2023

4 Le maggiori telco mondiali (ZD7 202%5), ASM, 205
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1.2. The market situation in USA and China

In the United States, telecom revenues continue to reflect a structurally stronger ability to generate
value compared with other mature markets, supported by a concentrated market structure, higher
ARPU levels, and more effective monetization of data sesviln 2024, the two largest US operators

alone generated revenues comparable to those of entire regional markets: Verizon reported revenues
of $129.7 billion, while AT&T reached 0117. 8
telecom operators kyrnover.

Revenue growth in 2024 was modest but positive, driven primarily by mobile service revenues, fixed
wireless access, and enterprise solutions, while traditional voice services continued their structural
decline. Pricing discipline, limited competitive fragntation, and the widespread adoption of
premium and unlimited plans allowed US operators to partially offset cost inflation and sustain
margins. Importantly, the United States stands out for its earlier and more effective monetization of
5G, particularlyin businesdo-business applications and broadband substitution via fixed wireless
access.

In the first half of 2025, revenue trends in the US market remained broadly p¢siigéo) though
increasingly characterized by maturity rather than acceleration. Service revenue growth continued at
low singledigit rates, supported by enterprise demand, network upgrades, an@dddedservices,

while consumer mobile revenues showed signsl@feleration due to market saturation. Net
subscriber additions sl owed, shifting operat
retention, upselling, anARPU stabilization.Investment dynamics in early 2025 also played an
indirect role in revenue quality. Capital expenditure increased by approximately 6.6% year on year,
with spending concentrated on staaldne 5G networks, network densification, and enterprise
oriented solubns.

China represents a fundamentally different revenue model, shaped by scale, regulation, and strategic
policy objectives rather than pure profit maximization. In 2024, Chinese operators dominated global
revenue rankings in aggregate, with China Mobile ggnérang 013 7. 2 bil I i on ir
the worl doéds | argest telecom operator by turno
China Unicom recorded Uu51.4 billion. Combi nec
base that exceedsat of any other national telecom market.

Despite this scale, revenue growth in China remains structurally moderate. The market is already
highly penetrated, with limited room for subscriber expansion, and ARPU levels are significantly
lower than in the United States. Revenue growth in 2024 wasftite driven less by customer
additions and more by service mix evolution, including cloud services, industrial internet solutions,
data services, and governmetiiven digitalization projects. Traditional consumer mobile revenues
continued to grow onlynarginally, reflecting intense price discipline and regulatory oversight.

A key distinguishing feature of the Chinese revenue model is the deep integration between telecom
operators and the broader digital and industrial ecosystem. Telecom revenues increasingly reflect
upstream and downstream linkages with cloud computing, smemtfacturing, logistics, energy

12
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management, and publgector digital infrastructure. This contributes to revenue stability, albeit at
the cost of lower margins compared with US peers.

In the first half of 2025, Chinese telecom revenues continued to grow at measured, lowligihgle
rates(+0,4%) consistent with a market that is both mature and strategically managed. The ongoing
expansion obG standalone, which now accounts for roughly 77% of 5G connections, supports
incremental revenue generation from enterprise and industrial applications rather thamamkass
consumer services. Growth in cloud, data centers, and speoific digital pl&forms partially offset

the stagnation of traditional mobile servicEsom a financial perspective, the first half of 2025
confirms that Chinese telecom revenues are stable, predictable, andghgi®d, rather than
growth-maximizing. Operators contieuo prioritize network coverage, technological leadership, and
national digital objectives, accepting lower ARPU and margin profiles in exchange for scale,
resilience, and longerm strategic relevance.

1.3. The market situation in Europe

Compared with the United States and ChiBarope represents the structurally weakest revenue
environment among major global telecom marketsich reachedroundi246 billion of revenues

in 2024, despite its large population base and advanced infrastructure. In 2024, European telecom
revenues showedbw growth reflecting a combination of intense price competition, market
fragmentation, regulatory constraints, and limited pricing power. While some national markets
experienced modest recovery, overall revenue dynamics remained subdued and significantly below
those observed in the US and A$facific.

One of the defining characteristics of the European markés isxtreme fragmentationWith
approximately593 million inhabitantsEurope is served b§4 mobile network operators (MNOSs)

and more thaB50 MVNOs resulting in highly competitive national markets with limited scope for
economies of scale. This structural feature continues to exert downward pressure on ARPU and
restrict operatorsoé ability to transAsateslt tr af
even in 2024, revenue growthaw largely nominal and insufficient to offset inflation and rising
network costsConsumer mobile and fixed revenues remained broadly flat, while wholesale revenues
increased only marginally. As in other regions, the most dynamic component was represédied by

and enterprise servicealthough from a significantly smaller base compared with the United States
and China.

Thefirst half of 2025confirmed these trends rather than reversing them. European telecom revenues
continued to grow atery low singledigit rates(+1.1%) with marked differences across countries.

Markets with more consolidated structures or supportive regulatory frameworks showed slightly
better performance, while highly competitive markets remained under pressure. Overall, the

5 State of Digital Communications, Connect Europe, 2025
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European revenue trajectory in early 2025 can be characteriZeaas stabilization rather than
recovery

A critical factor limiting revenue growth in Europe is thlew monetization of 5GDespite high

levels of capital expenditure in both mobile networks and fiber infrastructure, the economic return on
these investments remains weak. In the first half of 208ly, about 2% of European mobile users
were connected viaG standalone compared with 25% in the United States and 77% in China. This
technological lag constrains the development of advanced;vaige use casésparticularly in
industrial automation,missioncritical communications, and lclatency services and keeps
European operators largely reliant on traditional connectivity revenues.

From a strategic perspective, European operators increasinglyenienprise and ICT services

the primary avenue for revenue diversification and growth. However, progress in this area remains
gradual. Scale limitations, fragmented demand, and competition from global cloud and technology
providers restrict the ability of telcos to fully captwaue along the digital services chain. As a
result, while ICT revenues continue to grow faster than traditional services, they are not yet sufficient
to materialy alter the overall revenue profile of the European sector.

In financial terms, the first half of 2025 also highlighted the continued tension betuiglen
investment requirements and limited revenue growtiropean operators maintain elevaapEx

levels to support fiber rollout, 5G coverage obligations, and network modernization, yet the
corresponding revenue uplift remains modest. This dynamic weighs on free cash flow generation and
constrains balance sheet flexibility, reinforcing the strucyaalbetween Europe and more profitable
telecom markets such as tbaited States.

As shown inConnect 202 repop,ediffesent levels of fixed coverage can be found in
different global areas, with Europe offering FT(Hibre to the Homg coverage t670.5% of the
population in 202, and .5% in the case o#ll Gigabitcapable networksin terms of FTTH
coverage, Europe remains at a higher percentage than the United a9 and South Korea
(67.4%). However, it is still a long way from the results achieved by China, which managed to achieve
99% coverage of the population thark a law implemented in 2013 requiring new buildings to have
FTTH access. Lower results are also achieved for the mobile network. Europe will achieve 5G
coverage of 8 per cent of the population in 282while the other areas reach significantly higher
levels (USA 98 per cent, South Koredu@r cent, Japan/ger cent and Chin@0 per cent).

It is useful to note that 5G coverage is not alwd@tandalone in nature, i.e. with a Core Network
based entirely on 5G technology but is developed on the former 4@wNed Packet CojeCore
Network. This does not guarantee to exploit the full potential offered by 5G, such as low latency and
high reliability, nor to develop advanced connectivity services such as traffic quality differentiation
andslicing (division of the network into virtuafislice® with their own services and transmission
resources The deployment of such networks can be estimated at significantly lesé0%eorf the

6 State of Digital Communication§,onnect Europe205
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EU& populated areadower than91% in North America and5% in the AsiaPacific area).
According to a study by the European Commiskioggarding the investments required for European
infrastructure development, an investment of around EUR 200 billion will be needed to reach the
Digital Decade targets for Gigabit and 5G connectivity. Respectively, EUR 148 billion to develop a
standalone fixed and mobile 5G network, and between EUR726billion for full coverage of
transport corridors such as roads, railways and maritime lines. In addition to terrestrial connectivity,
further investments are needed for the integration of advanced tsasdlivices that provide
complementary solutions for the relaying of mobile radio statimtkhau), the connectivity of
devices in remote areas not covered by terrestrial technologies, and to ensure continuity of service in
the event of crises or disaste

Narrowing the focus to the major European countries only, and comparing the results of the 2010
2024 period,the Asstel Report on the Telecommunications Sectos 80@ws that between 2010 and

2024, the main European countries saw a general decline in revenues, albeit to different degrees. In
14 years, Spain loses EUR 8 billior28%), France EUR @.billion (-11%) while on the other hand
Germany anddK recorded revenue growth of ao0o.1 bil
respectively.ltaly, on the other hand, lost EURB.2 billion in revenues, a drop of aroun®%
compared to the levels reached in 2010.he $ame timeframe, no country records worse results.
Moreover, in the last three years, France and Germany, show signs of recovery in revenues, while
Italy recorded an overall +3% increase in revetues

In 2024, the various countries shaavgowth. Spain is the country that grows the most and reaches
EUR 26.6 billion in revenuekranceand Germangrew by +1% and reacBUR 47.1 billion and 61.1
billion, respectiey. The United Kingdom recordedggowth of +1.5%on the previous year, reaching
revenues of GBP4billion.

’ State of Digital CommunicatiemConnect Europe2025

8 https:/digitatstrategy.ec.europa.eu/en/library/investrand-fundingneed sigital-d ecad econnectivitytargets

® The figure for 2024 is not directly comparable with those of previous years, as from 1 July 2024 the separation of tieitiesrbetoveen TIM and
FiberCop was completed. FiberCop is the company responsible for the management and developmentrafahefgeroptic network infrastructure
(last mile). This change altered the consolidation perimeter of the data, as until 2023 revenues generated by FiberCoiMoveaednot accounted
for, being within the same group
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Another figure of particular interest is the price trend in the various countries, although this is not
directly linked to the dynamics of the ARPU, as it may depend on price reductions by only a few
market players. According to AGCOM d#taprices for electronic communications in the main
European countries (Figure 1a) saw a general upward trend between Decemiz@rd2D2cember

2023, with Spain registering the largest increas.2%) and France the steepest decliid [%).

Italy also recorded a decrease wit6%. Extending the time horizon to 10 years (Figure 1b), in fact,
Italy is the country that saw the sharpest contractiB@4), which is much higher than the EU
average-0%).

1.4. The market situation in Italy*!

As already mentioned, and as the Asstel Telecoms Report well highlight$s Is#tlyation is
particularly critical.

Considering the operatdrgross revenues (Figure 2), which include both consumer and bu:
customer8expenditure and intraperator revenues, in 20&aly records an overall3%o, with the
fixed market managing to offset the losses recorded by the mobile market4lra26al value o
just over EUR 8 billion is therefore reachéd

On the fixed market, the physiological reductiorivoiced revenues continues to have an imps
which is countered by a slight growth in revenues from data and interconnection services t
Operators. It is, however, the other revenues item (in particular ICT services) that has the
growth (+19%), providing the impetus for market recovery.

10 Osservatorio sulle Comunicazionid20%5, AGCOM

11 Rapporto sulla Filiera delle Telecomunicazioni in Italia20®sstel, Osservatori Digital Innovation

2The figure for 2024 is not directly comparable with those of previous years, as from 1 July 2024 the separation of migtiiesretveen TIM
and FiberCop was completed. FiberCop is the company responsible for the management and development wnflahe fimroptic network
infrastructure (last mile). This change altered the consolidation perimeter of the data, as until 2023 revenues geRibet@dmbtowards TIM were
not accounted for, being within the same group
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The decrease in the mobile market, which loses around B30Rmillion compared to 2@ is
mainly related to the strong competition that has caused further price reductions &
repositioning of customers on bundle offers that lead to a lower overall ARPU level or
services for the same price. In percentage terms, the mobile manketues to account for abo
42% of the total.

MId €
] 41,9 @
N 40,4 38,4 s @ @

93 s " 31,9 3,7 31,8 321 314
30 - _ &0 5.; 5.:5 5,:5 5,; 5:5 3:: 285 27,9 273 272 28,0

54 54 5,4 53@,0

20 -

32, 31,8 31,0 - 26; . Wy L -
10 "

(159

o N

2010 2071 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024*

m Retall Wholesale
Fi guirfeL@ Opsgraasoss r eveReaiteasi li nvsd t\WHol:esal e

If revenues are split between an inty@erator intermediate services component and a 1
component, there is respectivelygrowth and atability over 203. The intermediate service
componengr ew by 17%, mainly driven by fixed
a wholesale operator, which, after the caow, also included TIM in its customer portfolio. N
of the effects of this transaction on the overall figures, growth inxtked fnarket would have bee
much more limitedThe retail componera mount ed to 0u22.0 bill
driven by opposing dynamicBixed retail revenues increased, supported in particular by gr
in data services and ICT services raves by contrast, the mobile market continued to recol
decline, mainly due to the competitive environment, which led to further price reductions
the repositioning of customers toward bundled offers with a lower overall ARPU (or more s¢
at the sara price) The retail componenbst more than EURQ5 billion since 2010, or 33% o
the initial value. In this case, the reduction in fixed telephony consumption and the reduc
prices (and consequently in ARPU) caused by competition, whiphrigularly relevant in the
mobile sector, have an impact on revenues.

A further element weighing on the sector is the increase in costs, which experience a highe
than that of revenues and increase BYotn 2024, reaching a total value of EUR.3 billion. The
cost dynamic is due to several factors. A first aspect is related to an increase in costs
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purchase of raw materials, due to higher purchase volumes of goods and equipment, anc
for services such as, for example, marketing costs and, even more relevant, energy co:
weighing on the sector is the high inflation recorded in Italyictvialso affects operatadr:
CapEXCapital Expendituresinvestments. Looking back over the ladgt yiears, the amount ¢
costs fell by around EUR billion compared to 2010-20%), with a smaller contraction i
revenuesThe higher revenue growiin 2024 leads to a slight increase in EBITD&arnings
Before Interest, Taxes, Depreciation, and Amortisgtfionwh i ch ri ses t o

In this context of a struggling market, telcos have continued to invest, although in recer
there has been a decline in private investment. Up to 2023, telcos nevertheless manage
the CapExto-revenue ratio stable at 26%. In 2024, a 4% drop in private investment is rec
bringing it t o U6. TapbxreVehue oatio tca23%if not erdyupdvate
investments but also those-financed by public funds such as the PNRRwere taken intc
account, the value of investmentsin2024é ul d amount to 0U7.7 bi
billion in 2023).These investments are necessary for the realisation of the broadband infras
with VHCN(Very High CapacityNetworks) and 5G networks, which is essential for develo|
the countrgs connectivity. In addition, they create revenue and support employment for
players in the chain

If the full value of investments borne by operators were considered (including both f
investments and those advanced by operators but supported by public funds and reimbut
several years), the EBITDA CapExindicator would show a declining trend, highlighting hu
operatorso6é entire margins are being abso
billion available (the result of EBITDA minuSapEy, equal to 21% of revenues, for servici
financial debt, paying taxes, and remwigrg shareholders. Over the past 14 years, this figur
fallen by99%%, r e aOdxdhiliorg U

The stabilisation of investments can be attributed to the conclusion of some of the work on
networks begun in previous years, offset by investments in the modernisation of fixed ne
and the development of networks with FTTH technologies. Makimgverall estimate since 201
telecommunications operators have invested EORbillion in the development of the coungsy
broadband infrastructure. This figure rises to almost EL1R billion if investments for the
purchase and renewal of licences also taken into accoufto get a clear picture of the operaf
margins, it is useful to compare EBITDA af@épEx In 202, the EBITDAT CapExindicator
(including both private investmerasdthose advanced by operators but suppdriguublic funds
andreimbursed over several years), show a downward treitkd,a valueof EUR 002 billion.

These values clearly highlight the difficulties in generating margins for operators, wr
struggling to cope with the investments required to adapt the inttastewto the new technologic
paradigms, which require not only infrastructural investments, but also investments in IT
digitisation and evolution of internal processes. If in 2010, therefore, the sector had more th
10 billion (EBITDAT CapExresult), equal to 21% of revenues, to service financial debt, pay
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and remunerate shareholders, the figures of the last three years show a situation that pos
guestion marks over prospective sustainability.
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In a trend completely opposite to that of revenues, data traffic volumes continue to grow in Italy, both
on fixed and mobile, with the former growing by 204 and the latter by #4% over the previous

year. Over the years, mobile data traffic has greatly increased its weight on the total, rising from 4%
in 2010 to 21% in 202 and this percentage continues to grow over the years. The progressive traffic
trend highlights the importance of investing in infrastructure that can guarantee availability and
quality of broadband service.

1.5. The competitive scenario in the telecommunications market

The spread of digital services and continuous technological innovation are expanding the competitive
scope of the industry, with companies from different sectors entering the telecommunications market.
The telecommunications sector is at the center ofesgisi digitization process and becomes an
enabler of this transformation, not only having to provide the infrastructure on which connectivity is
based, but also designing and developing new digital services that can meeisoertg. The entry

of new dobal players from other sectors has contributed to intensifying competition, altering the
industry balance and causing extensive supply chain transformations. The current
telecommunications market scenario has driven an expansion of supply chain offeaingstend
beyond mere connectivity into digital services. The changes affect both upstream and downstream
portions of the supply chain. On the one hand, upstream changes involve infrastructure sharing,
network slicing and software transformation of me&trk architecture that open the door to new cost
optimization opportunities. On the other, downstream changes include broadening the role of
operators in digital markets that places them before new challenges in terms of competition. Indeed,
the convergere of telecommunications and digital markets causes the potential entry of other
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players, such as Big Techs, into the core telecommunications services market and, conversely, forces
operators to face competition in the digital markets they decide to enter.

A comparison on revenues over the 2@021 decade (Figure 4), highlights an opposite trend
between revenues from global telecommunications and from large digital platforms operated mainly
by leading CAPs (Content and Application Providers), also knovdiTds (Over The Top) and of

which Big Techs are the largest players. It is clear from Figure 4 that while the telecommunications
market has remained more or less stable over the years, slight fluctuations notwithstanding, the digital
platforms market has gwn rapidly, with a high point certainly boosted by the 4ye@r pandemic

period but that was already underway before 20dMhese global players have changed the dynamics

of the market, deeply influencing its evolution.
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The effects of the entry of these players on the industry are not limited to a potential increase in
competition within the sector, but also result in a sharp increase in demand for connectivity that causes
pressure on the infrastructure. So while teleopmrators and Big Techs are competitors, they should

be able to generate a beneficial cycle of events that currently remains unseen. Indeed, ideally OTTs

BDigital platforms and Telcos fAworl dwided Consolidated economic equ
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should develop innovative netwelbased services, helping to generate consumer demand for
connectivity services. In this way operators could reinvest their revenues to innovate infrastructure,
providing new opportunities for OTTs and starting a new cyélewever, due to various
circumstances at the moment there is no equitable redistribution of value, but there are strong
imbalances ifavourof the OTT$

This positive interaction does not occur in Europe mainly for two reasons: uneven bargaining power
between the two parties and a lack of a consistent regulatory framework. Regarding the first aspect,
it is important to highlight strong size disparity. lacent years, digital platforms have grown
tremendously in terms of revenue and market capitalization, offering services that have now become
an integral part of consumérsveryday life. Needless to say that as regards market capitalization,
Google, Facehuk, Apple, and Amazon are each larger than the entire European telecommunications
industry. In addition to the imbalances regarding size, is also the facetattnetwork operators

are forced to cope with increasing consumer demand forinkatasive OTT services, for which,
however, they cannot respond to by raising prices and, on the wholesale side by increasing traffic for
such services. Therefore, once agaiafwork operators cannot act on prices whereas service
providers may decide to avoid theiaase by diverting their data traffic to other operators

The imbalance in bargaining power is at least partly attributable to the lack of a consistent regulatory
framework between telecom operators and OTTs. Strong competition in the EU retalil
telecommunications markets, in combination with regulatory actiotieatholesale and, to some

extent, at the retail level, has contributed in lowering the profit margins of traditional
telecommunications revenue streams. Direct or indirect regulatory constraints leave network
operators with little or no opportunity tasa prices for retail services to address increased production

and investment costs. In contrast, up to now OTTs have not been governed except through measures
aimed primarily at regulating the dynamics with users, as, for example, in the recent DigketdVa

Act?,

In terms of market fragmentation, as mentioned in Section 1.1, the levels vary depending on the area,
which also has effects on competition within the various markets and consequently, on the results
achieved. In the Chinese context, for example, thererdyethree stat®wned operators controlling

the entire domestic market. The European market, by contrast, is heavily regulated in the opposite
direction and consolidation within the market is arduous because it is often prevented by regulatory
authorities. As a result, the composition of the sector is quite different than in other similarly advanced
economies. The fixed line broadband market is also highly regulated and offers multiple entry
opportunities for operators that do not invest in proprietarfrasiructure. This elevated
fragmentation hinders the development of operators struggling to make the necessary investments

14 Europds internet ecosystem: soeswonomic benefits of a fairer balance between tech giants and telecom operators, Axon Partners Group, 2022
15 https://commission.europa. eu/stratemd-policy/prioritie s20192024 /europdit -digital-age/digitalmarketsact-ensuringfair-and-opendigital-
markets en
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and the increasingly strong competition against global players traditionally beyond the telecom
perimeter.

The fragmentation within the Italian context is among the highest in Europe. In fact, in Italy, even
after Fastweb acquired Vodafone lItalia, there are 4 infrastructure operators and 20 MVNOs (Mobile
Virtual Network Operators). Operators that, although tleynot hold licenses to access and use
spectrum, provide mobile services by relying on the networks of others. The fixed line market is also
becoming increasingly crowded with recent entries including lliad (January 2022), Virgin Fibra
(October 2022) anétnel (June 20233. High fragmentation and the continued downward trend of
prices, particularly significant in the mobile market, have led to a dramatic reduction of operator
profitability. In addition, with such affordable prices for consumers, mobile connectivity beeomes
competitor for the fixed line network as well: with packages that provide unlimited GBs, consumers
may decide to go for only mobile connectivity, with no need for a more stable angddriginmance
connection such as a fixed line

1.6. The impact of new digital technologies on the market

As we have seen, new digital technologies are increasingly entwined with the telecommunications
sector, opening up new market areas for operators. Within this digital transformation, operators serve
as enablers of this change in their capacity as coniitggiroviders, but they often find it difficult to
capture market value. How technological changes contribute to changes in the telecommunications
ecosystem will be addressed in Chapter 4. Here we simply list some market data and considerations
of how newtechnologies already play an important role.

One of the technologies on which the telecommunications industry has placed high expectations with
the arrival of 5G is Mobile Private Networks (MPNs). Implementation of this type of network is
growing globally, with 537 networks registered through theosdauarter of 2023. According to
estimates by the 5G & Beyond Observatory of the Politecnico di MilaBarope is also witnessing

the development of private 5G and LTE networks, with 117 such projects registered, mainly
implemented in the manufacturing sector, particularly automotive and logistics. Italy is also starting
to invest in this area, with 7 neWIPN network projects identified in 2023. In this field,
telecommunications take pride on a number of distinctive features and specific assets that make it a
center of expertise that cannot be easily replaced and grants a competitive advantage th&gonstitu

a great opportunity for expansion.

Cybersecurity is also a market of potential interest for the telecommunications industry. Due to the
increased risks of data breaches resulting from the growing spread of digital services, the
cybersecurity services market is expanding: a 13% CAGR (Condpgunnual Growth Rate) is

estimated for the global market between 2022 and 2028, while a 12% CAGR is expected for the

16 Major worldwide Telcos (2018 2022), ASM, 2023
17 https://lwww.osservatori.net/it/ricerche/osservattivi/5g-beyond
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European market over the same péfio@he intensification of cybeattacks and the increase of
business awareness on these issues results in the growth of the potential market, also opening up tc
new solutions. In addition, the presence of specific regulations for enterprises and the IRS (Pub
Sector) bodies also drives the growth of a competitive market, with numerous both global and local
service providers. To enter this sector, highly specialized skills are necessary to address evolving
cyber threats. The Italian context is also expetiagtow between 2022 and 2028, and a 15% CAGR

is estimated. In this market, telecommunications is well positioned within the MSS (Managed
Security Services) context and plays a strategic role in the field of integration services of different
security compoents.

A third area of potential development is iud market. This again, is a healthy market for which
growth is expected both globally (CAGR at 17 % between 2022 and'2@28)in Europe (CAGR

at 15 % over the same peri@dCurrently, the market is focused on three major global players
(Google, Amazon, and Microsoft) that control Buddevelopment environments on which most
software innovation is developed. One opportunity in this area lies in the development of the new
EdgeCloud segment, which is appealing to large global players. For the development of this
technology, telecom operators are optimizing their infrastructure through investments in the micro
and mini data centers required for its implementation. Cleed is also confirmed as a growing
market within the Italian market. In this case, a CAGR of 14 % is estimated, slightly lower than in
Europe. There are several opportunities for telecommunications in this sector. Firstly, tidgegh
Clouddevelopment, on the one hand there is the possibility of expanding solution offerings for end
customers and, on the other is the opportunity to optimize the internal infrastructure. In addition,
telecommunications operators can provide traditioB&bud services while ats having the
opportunity to serve as an antitrust authority within national borders for the proper management of
the large volumes of data used in the development of Al (Artificial Intelligence) algorithms.

The continuous increase in the flow of available data that registers a 28% growth over 2021, and the
rigid legislation on the collection and management ofeser data contribute to the development of

the Big Data & Analytics market. Worldwide, a CAGR12f% is estimated between 2022 and 2028,
whereas observations of the European market estimate the CAGR at 16% in the same time frame.
Also contributing to the development of this sector is the recent focus on Al, whose algorithms require
large amounts of put data for the learning phase. The Italian market is estimated to grow in line
with the European market (CAGR at 16 % between 2022 and 2028). In this sector, because
telecommunications manages the infrastructure over which traffic is transmitted, goles
possession of network data and therefore holds a privileged position over other players. Furthermore,
precisely by starting from the data in its possession, it has the possibility of developing solutions
enabling full leverage.

18 Statista, 2023
19 Statista, Maximize Market Research, 2023
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1.7. Searching for new stability

Persistent financial difficulties of telecommunications operators that have played a central role for
the industry so far and swift technology changes seem to have brought the telecommunications market
to a point of breaking the balance that has ruleciso f

The necessity of acknowledging change and the need to seek new balance is at the heart of the
European Commissids recentvhite papefiHow to master Europs digital infrastructure needs?

based on the results of a public consultation in view of a posSihfgital Network Actp the
definition of which, however, has been postponed and put on the tablengfitt@mmission.

Europe is certainly thepicentreof the system readjustment movements specifically due to its
position, pressed between the w@sltivo major technology warfare blocs and the evident difficulties

of asserting the strength of a large market comprising nearly 450 million people. Within Europe,
ItalyGs situation is certainly the most critical and is in danger of becoming a testing laboratory in the
quest for new balance.

This project aims to help delineate possible future scenarios of the telecommunications ecosystem.
The analyses and results obtained so far will be presented in the next chapters.

20 https://digitatstrategy.ec.europa.eu/en/library/whitaperhow-mastereuropedigital-infrastructureneeds
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2. Research goal and methodology

As highlighted in the previous chapter, the dynamics of the telco market in recent years reveal a
period of turbulence and the need for a transformation of the sector. Despite economic difficulties,
telecommunications are at the center of the digitizatibeociety, playing a key role not only in
providing infrastructure but also in developing digital services to meet new needs. Therefore, it is
critical to carefully examine the changes underway and strategically assess how the players involved
intend to hnovate their business models.

For this reasonChallenge Oof the RESTART research and development program, the first among
19 Grand Challenges of this MUfgnded initiative under the European UnieilNext Generation EU
program, aims to outline the most likely evolution scenarios for the telecommunications sector, in
Italy and at international level, and to identify the elements and choices that are likely to impact the
implementation. In particularthe purpose is to investigate the role of the various players to
understand how poteati business innovation models combined with other external factors (e.g.,
legislation and technology evolutions) can outline different evolution scenarios.

Therefore, work was organized in two phases: the first focuses on the analysis of the maié players
business model#AGIS), while the second consists of ardapth analysis of possible developments
in terms of industry reconfiguratiod Q-BE).

Specifically, the objectives of the AIS analysis mainly concern:

1.1.1dentifying the roles of key players in the telecommunications industry by mapping their
business models;

1.2. Studying the changes underway at the business model level of the players involved, due to
discontinuities such as (i) the introduction of enabling technologies (e.gEds6,Cloud
Al); (ii) major changes in the market structure (e.g., the dynamics related to network and
serviceseparatio)y and (iii) regulatory changes (at the national and European level);

1.3.Examining the impact of major technology and network architecture changes and the
development of valuadded services on advanced connectivity.

Once the current picture has been mapped out and the role and activities of individual players have
been defined, the objectives of the -B& analysis include:

2.1.1dentifying possible future scenarios resulting from innovation in the business models of the
players involved;

2.2.1dentifying factors that could steer the market toward different scenarios (market structure,
evolution of the legislativeegulatory environment, etg.)

2.3.Quantitative assessment othe economic value generated by the European
telecommunications ecosystem in 2024

To achieve these goals the route began with a thorough analysis of academic and scientific literature.
This enabled to select the most relevant theories to explore in depth the key issues concerning the
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future development of the telecommunications industry. Specificallyfibbsiness modeland
fivalue network (or, in other termdjecosyste) concepts were identified to trace the-KSanalyses
and set up the TBE analyses of the various scenarios.

The application of these models to the specific context of telecommunications primarily involved
qualitative exploratory research based on sstmictured interviews with key players and industry
experts. The interview outline was first discussed inteyreatid then tested through a set of pilot
interviews. The information thus collected was then cobexked with secondary sources. More

than forty different secondary sources (reports, websites, events) were consulted to prepare the
current model. Prelimery results were then presented at the RESTART Plenary Dissemination
Workshop in Bologna in late January 2024 and subsequently discussed on numerous occasions with
industry experts in periodic alignment checks.

In the firstand seconavhite papes, the work had focused on AS objectives 1.1, 1,2..3 and on

TO-BE objectives 2.1white paperWith this third aml last white paperwe want to conclude the

project started two years ago with a focus on the 2.2 and 2BH@bjectivesOverall, we developed

a model to map the telecommunications ecosystem and categorize the current business models of the
actors based on the activities performed, the value network of the ecosystem, which represents the
network of relationships among actorfour future alternative scenarios of the European
telecommunications ecosystem in 2040, and a quantitative economic model to understand which are
the layers and activities that contribute most to the ecosystem growth.

2.1. Business model, value network, and ecosystem

Often with the rise of new technologies, focus falls back on investigating the technical features and
the enormous potential that can result from the use of such innovations. Sometimes, this comes at the
expense of analyses with a more strategic slanpoftsted out by Chesbrough (2029)gaining a
competitive advantage in toda@ydigital world does not come down to just leveraging the best
available technologies, but to be able to develop an appropriate business model that enables the bes
use of technological innovation. To answer our research questions, an analysis of academic
management literature relateditausiness modéi fivalue network) andfiecosystera concepts was
conducted to analyze the changes occurring in the telecommunications industry from a strategic
perspective.

2.1.1Business model

The origins of thefibusiness modelconcept date back to the late 1990s, a period of strong
technological innovation. The business model can be definéd esherent framework that takes
technological characteristics and potentials as inputs and converts them through customers and

2 Chesbrough, H. (2010). Business model innovation: Opportunities and bamwiegsRange Planningt3(2i 3).
https://doi.org/10.1016/j.Irp.2009.07.010
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markets into economic outpaté€Chesbrough and Rosenbloom, 2002, p. 53R) other, more simple
words, Teece (201&)defines a business model as a conceptual model of how a company creates,
distributes, and captures value.

The business model has been widely incorporated into strategic management theory (Teé€e, 2010)
as a valuable tool that bridges the gap between formulating and implementing a strategy through
business processes, resources, and relationships (Osterwalde?s. 200@)mber of authors have
suggested various interpretations of the constituent dynamics of a business model that most revolve
around the following four dimensions: (i) value proposition, (ii) value creation, (iii) value delivery,
and (iv) value capture.

Value creation includes all the activities, resources, and partnerships that are necessary for the
development of products and/or services that constitute the cofspaalyie proposition which
addresses different customer segments. Value delivery relates to how the company is organized to
reach its customers and partners and thus concerns elements such as customer relationships, sale:
and distribution channels. Lastialue capture explains how a business organization captures value
and generates profit.includes revenue generation and sharing mechanisms among partners as well
as investment, financing, and cost structures

2.1.2Value network and ecosystem

The concept ofiecosystem(Adner, 2017, Jacobides et al., 2088 andfivalue network (Normann

and Ramirez,1993 Stabell and Fjeldstad, 199Bare the two main currents that served as precursors
to discussions on what are knowrfiagerconnected business modgl$ocevski et al., 202¢) These
research threads converge on the need to investigate how different playerscraateosalue,
particularly in contexts characterized by the continuous spread of technological innovations
generating uncertainty. Thus, the value network model dst¢hevalue chainmodel (Porter,
1985)30 highlighting the concept of network of relationships and interdependencies that a company
develops outward of its boundaries. The concept of a business model therefore enables the adoption
of different perspectives. From the standpoint of the individumérerise- the dominant one
throughout the yearsenables to focus on a single player and their unique value architecture. From a
value networkoriented perspective, some academic studies have defined i aslational

22 Chesbrough, H., & Rosenbloom, R. S. (2002). The role of the business model in capturing value from innovation: EvidXecexrom
Corporatioris technology spioff companiesindustrial and Corporate Changéi(3). https://doi.org/10.1093/icc/11.3.529

X Teece, D. J. (2010). Business models, business strategy and inndvaigriRange Planningt3(2i 3). https://d0i.org/10.1016/j.Irp.2009.07.003
2 Osterwalder, A. (2004). The business model ontology a proposition in a design science apriacal Dissertation, Université de Lausanne,
Faculté Des Hautes Etudes Commerciales

% Adner, R. (2017). Ecosystem as Structure: An Actionable Construct for Stravegyal of Managemen#3(1).
https://doi.org/10.1177/0149206316678451

% Jacobides, M. G., Cennamo, C., & Gawer, A. (2018). Towards a theory of ecosy@ttanteglic Management Journ89(8).
https://doi.org/10.1002/smj.2904

2’ Normann, R., & Ramirez, R. (1993). From value chain to value constellation: designing interactive s$tiatesyg Business Reviewl(4).

28 Stabell, C. B., & Fjeldstad, @. D. (1998). Configuring value for competitive advantage: On chains, shops, and 1&tategis. Management
Journal 19(5). https://doi.org/10.1002/(sici)1090266(199805)19:5<413::a#6M[946>3.3.c0;B

2 Jocevski, M. (2020). Blurring the Lines between Physical and Digital Spaces: Business Model Innovation in Rehibingia Management
Review 63(1). https://doi.org/10.1177/0008125620953639

30 porter Michael, E. (1985). Competitive Advantage: Creating and sustaining superior perfoifhanéee
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aggregatoo to explain the value architecture that stems from the various relationships between
different playeré (Jocevski et al., 2020, p. 1082)

To support a value networdriented vision, the authors used a variety of methodological approaches
and references from different literature streams on the interconnection of players. Some have
incorporated the value network element into current busineselndefinitions, while others have
associated it to the ecosystem concept, a topic also much discussed in contemporary academic
literature and often used in scientific publications and in the business context. The difference between
ecosystem and valuemeork is therefore not unambiguous, and in fact some players have treated the
terms almost as synonyms while others have sought to highlight the differences between them. In
general, compared to the value network concept, the ecosystem approach seeksvariety of
participants (e.g., regulators, policymakers, etc.). Adner (2017, .cd@ms thafiThe ecosystem is
defined by the alignment structure of the multilateral set of partners that need to interact in order for

a focal value proposition to nerialized. The ecosystem concept is thus characterized by its potential

to extend across various sectors and players, and by the existence of a set of connections that are
established at the group level by specific complementarities (Jacobides et aF2.2018)

As regards our research objective, the concept of business model and ecosystem (intended as a nature
evolution of the value network concept described above) helps particularly in prololdatingand
in defining units of analysis.

Regarding the first phase of the work (&S, the theoretical framework of the business model helps
to define value creation, delivery, and capture mechanisms for each player involved

2.2. Defining the scope of analysis

Before proceeding with the presentation of the first results and after clarifying the terminology used
to talk about business model and ecosystem, it is appropriate to indicate our scope of analysis.

Within the telecommunications industry (mobile and fixed line) we consider all players with a role in
the production, distribution, and management of communications equipment, and infrastructure, and
in managing telecommunications services, Internet acdesa transmission, and network services,

in both consumer and industrial sectors.

This industry has undergone sevdaraihnologicakransformations, resulting in significant changes
(Kuo and Yu, 2008 Funk, 2009% Ghezzi et al., 2085 Oughton et al., 2028, in particular for
mobile. Since the first mobile network generatiohG - deployed in the 1980s to provide analog

31Kuo, Y. F., & Yu, C. W. (2006). 3G telecommunication operatonallenges and roles: A perspective of mobile commerce value chain.
Technovation26(12). https://doi.org/10.1016/j.technovation.2005.08.004

32 Funk, J. L. (2009). The eevolution of technology and methods of standard setting: The case of the mobile phone iddwstay of Evolutionary
Economics19(1). https://doi.org/10.1007/s0019108-01086

33 Ghezzi, A., Cortimiglia, M. N., & Frank, A. G. (2015). Strategy and business model design in dynamic telecommunicativiesirdggidy on
Italian mobile network operator§echnological Forecasting and Social Chan@@PA). https://doi.org/10.1016/j.techfore.2014.09.006

34 Qughton, E. J., Usher, W., Tyler, P., & Hall, J. W. (2018). Infrastructure as a Complex Adaptive Symtgptexity 2018
https://doi.org/10.1155/2018/3427826
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voice services, networks have come a long way and have reached their current technologic peak with
the commercial release of 5G, that began in 2019. The transition to 5G networks has been referred to
in literature as d@momentous changgKnieps e Bauer, 202®) Because of its peculiarity, some
academics have used the definition GenBrapose TechnologysPT) (Bresnahan and Trajtenberg,
1995%6to describe 5G (Knieps and Bauer; 2622n a 2017 Qualcomm press release Teece said
filve spent many years studying the impact of general purpose technologiegs aftehitthat 5G

will propel mobile into that category, assuring the technofedgngterm impact on society and
continued growth for decadéqQualcomm, Press Release, 2017, San Diego).

The GPT concept was introduced by Bresnahan and TrajteAler$j995 to denote pervasive,
technically advanced technologies that promote the development of other innovations in a variety of
application areas. In other words, GPTs affect the entire economy, improve over time, and create
opportunities in multiple doains. Some of the examples of GPTs that Lipsey and colleagues3(1998)
describe as$clear and dramatio cover printing, electricity, the internal combustion engine, lasers,
and the Internet. The scope of definition of GPT includes a very narrow set of inventions, which is
why Teece (20183 hasfidownsizedthe concept of GPT WEnabling technologyor, in other words,

fijunior GPT,0 indicating those technologies that potentially aspire to be GPT but have not yet had a
significant economic impact. For this reason, although it is an innovative and promising technology
in several industries, 5G is best classified d@giaior GPTO0 as it has not yet achieved the desired
economic impact (Teece, 2017 &, Rathje and Katila, 2029).

In any case, given the many opportunities that this technology promises in a variety of sectors, the
distinction between the perimeter defining the telecommunications industry and that of other
industries is becoming increasingly less marked. For exampta the third BG) and fourth
generation4G), the distinction between mobile communication and information technadlogldd

become blurred. Cell phones have gradually evolved from calling devices to mobile computing
devices with advanced processord daxible features (Li and Malerba, 2024)As a result, vertical

links between mobile communication and upstream sectors have increased. The blue horizontal arrow
in Figure 5 represents the links between the 3G and 4G phases. Lastly, with 5G, vertical links between
mobile communications and dowresam sectors (e.g., manufacturing, automotive) have increased
further for the reasons just mentioned (Li and Malerba, 2024)

% Knieps, G., & Bauer, J. M. (2022). Internet of things and the economics-ba5&l local industrial networkselecommunications Polic$6(4).
https://doi.org/10.1016/j.telpol.2021.102261

%Bresnahan, T. F., & Trajtenberg, M. (19 9durhalofEenoneetriggb(l).pur pose technol
https://doi.org/10.1016/0364076(94)01598T

7 Lipsey, R.G., C. Bekar, and K. Carlaw (1998he Consequences of Changes in GPTs". In Elhanan Helpman (ed.), General purpose technologies
and economic growth. Cambridge and London: MIT Press.

% Teece, D. J. (2018). Business models and dynamic capabilitieg.Range Planning1(1). https:/doi.org/10.1016/j.Irp.2017.06.007

3 Teece, D. J. (2017). Dynamic capabilities and (digital) platform lifecyalégances in Strategic Managemeit https://doi.org/10.1108/S0742
332220170000037008

“Rathje, J. M., & Katila, R. (2021). Enabling technologies and the role of private firms: A machine learning matching Sirakesiy Science

6(1). https://doi.org/10.1287/STSC.2020.0112

“1Li, D., & Malerba, F. (2024)Technological change and the evolution of the links across sectoral systems: The case of mobile communications.
Technovation130 https://doi.org/10.1016/j.technovation.2023.102936
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For this reason, other systems that traditionally do not belong to the telecommunications industry
have been included in recent scientific publications (Jia et al., 2048%h as the system revolving
around the Internet of Things (IoT) and industrial connectivity for vertical industries. This approach
furthers the debate in literature on the need to represent the value network emerging among different
players, unlikely tdbe captured using the traditional value chain model (Ricciotti, 2D268)fact,

the latter emphasizes the concept of competition without adequately considering the intricate
horizontal and vertical relationship networks that exist between firms. Additionally, such
interdependencies are often far from linear and can bedstgess several layers. In particular,
Bauer and Bohlin (2022}, to outline the possible diverse players within the 5G ecosystem,
differentiate four different layers and place the various players according to their core competences
and business strategies. In the lower part are the passive and active infrastryetsithdd make up

the physical layer of the network. In the upper part instdaieare the application service layers.

On the final layer is the end user. Similarly, Teece (202d¢ntifies three layers; in particular, the
author differentiates between layer zero, calfiethabling technology layer one, forming the
fiphysical infrastructur@® and layer two, labeledmplementation of network equipment and sexvice

42 Jia, W., Liang, D., Li, N., Liu, M., Dong, Z., Li, J., Dong, X., Yue, Y., Hu, P., Yao, J., & Zhao, Q. (2019). ZebrafisRh& miR-210-5p

inhibits primitive myelopoiesis by silencing foxj1b and slc3a2a mRNAs downstream of gata4/5/6 transcriptiorefeesdogrnal of Biological
Chemistry 294(8). https://doi.org/10.1074/jbc.RA118.005079

4 Ricciotti, F. (2020). From value chain to value network: a systematic literature révi@vagement Review Quarter§0(2), 191 212.
https://doi.org/10.1007/s1136119-001647

4 Bauer, J. M., & Bohlin, E. (2022). Regulation and innovation in 5G marketscommunications Policg6(4).
https://doi.org/10.1016/j.telpol.2021.102260

“Teece, D. J. (2021). Technological Leadership and 5G Patent Portfolios: Guiding Strategic Policy and Licensing Deadifsiona. Management
Review 63(3). https://d0i.org/10.1177/00081256211007584
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In both cases, there is a clear distinction between the network and the implementation of the service,
thus also implying the need for different players to develop each of these elements.

Consistent with these approaches, we too will consider other sectors related to the traditional
telecommunications industry and to make the scope of analysis explicit. In the next section the
flayer®identified so far, and the main players involved are presented.

2.3. The tiered model

In keeping with what emerges from the management literature analyzed, this model is also designed
to represent the telecommunications industry accordirfiydtue network and ecosystemic logic
(Peppard and Rylander, 2086Pujol et al., 201%8) rather than as a linear sequence of activities (e.qg.
Cricelli et al., 201¥p. Furthermore, the goal is to consider both fixed and mobile networks so that
all the changes underway can be studied, bearing in mind that some players play an important role in
both. This could further contribute to the literature by providing a mo@eIntaintains a holistic

view not focused exclusively on mobile and in particular 5G (e.g. Bauer and Bohlirt%,20425
5G-VINNI Ecosystem Modelling and Evaluation, 2399 or relative to some players (e.g. Peppard

and Rylander, 2008 CampsArago et al., 2019). Consistently with the papers analyzedy(Pujol,

2016%3; Teece, 202 Bauer and Bohlin, 2029 the model was arranged in layers, from more
fiinfrastructurabto those related to service delivery; however, a greater level of granularity was aimed
for in defining activities, contributing to the literature in this respect.

The model consists of five different layers (Figure 6), ranging from the macro infrastructure
components to those required for service delivery. The first two layers concern the physical
infrastructure and have been divided into backbone infrastructuwdewasless wired and IT
infrastructure. Next is the layer relating to network deployment in terms of functionality and
networking. Instead, the last two layers concern the delivery of connectivity and enabling technology
based services and the-called fidigital services and applicationd The latter refer to a set of
activities to develop specific applications that go beyond the pure connectivity offering.

46 peppard, J., & Rylander, A. (2006). From Value Chain to Value Network:. Insights for Mobile Opédtatopean Management Journak(2i 3),
128 141.https://doi.org/10.1016/j.em|.2006.03.003

47 Pujol, F., Digiworld, 1., Salah, F., Elayoubi, E., Markendahl, J., & Salahaldin, L. (2016). Regulation and CompetitiorT®ebdenmunications
Ecosystem Evolutions with 5G. Digiworld Economic Journal, N¢vol. 102).www.comstrat.org

48 Cricelli, L., Grimaldi, M., & Levialdi, N. G. (2011)The competition among mobile network operators in the telecommunication supply
chairinternational Journal of Production Economjds31(1), 22 29. https://doi.org/10.1016/}.ijpe.2010.02.003

“ Deliverable D5.1 Ecosystem analysis and specification of B&E.KRIg.).

%0 CampsAragé, P., Delaere, S., & Ballon, P. (2019). 5G Business Models: Evolving Mobile Network Operator Roles in New Ec@yEsems.
CTTEFITCE: Smart Cities and Information and Communication Technology, €FITEE 2019 https://d0i.org/10.1109/CTTE
FITCE.2019.8894822
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Starting from the bottom, the @alledBackbone Infrastructurkyer (Figure 7) refers to the global,
interconnecting network that links the access and transport networks operated by operators. It
includes a number of components that ensure reliable and fast connectivity between different
geographical locations (e.getween different continents, countries, or within the same country).
Therefore, the main activiies mapped concern the construction of international and national
submarine cables and their procurement and management. Considering the huge investrredts requ
for the development of these infrastructures and the related geopolitical aspects, in thisisayer
difficult to expect significant evolutions in the coming years or the entry of new players, although the
impact of the investments of the-salledHyperscalersn the recent past should be considered. One
example is Google, which owns around 8.5% of the visrklibmarine cables. For the sake of
completeness, it has therefore been included as the first layer in the basis of the model, as 97% of
globalinternet traffic passes through this infrastructure

infrastructure infrastructure management

[ Backbone Infrastructure ]

[ International wireline ] [ National wireline ] Wireline infrastructure ]

Fi guirFeiti7/a yidBrackbone I nfrastructure
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Immediately above this layethere are thevireless(terrestrial and noterrestrial),wired and IT
infrastructures, which we have defined as Wetwork Infrastructure layerin this layer we have
mapped all the activities concernimgrelessand wired access network infrastructures, from the
passive to the active part, distinguishing between activities for public networks and/or dedicated to
specific areas, and those specific to architectural components that are typically managed by different
actors. Afar as the IT infrastructure is concerned, we refer mainly to data centres, given the key role
they could play in terms of the strategic positioning of certain actors belonging to the
telecommunications chain and beyond. For the sake of simplicity, cangitieat the actors involved

are different, even graphically tvérelesswired and IT infrastructures have been separated although
they conceptually belong to the same layer. This is the only layer that presents a division of activities
between the thee componentswireless wired and IT. In the subsequent layers, however, this
distinction has not been made, because the differences between these activities are less significant.

Network infrastructure infrastructure equipment

provisioning

Wireless Infrastructure IT infrastructure Wired Infrastructure
infrastructure

| ‘Active Macro ][ ‘Active Dedicated ][ Network Satellite ] o — cpE
Infrastructure . Passive Fixed line ptical -
Infrastructure Infrastructure xHauling Data Center IXP Paseive xed i e on Modem
ive Macro ive Dedi d Mobile access router
Infrastructure Infrastructure provisioning
A
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In the layer above, referred to as the Network Fundéiger, we have mainly classified the activities
concerning network provisioning and network function integration activities. In fact, in this layer we
assume the spectrum access elements for access service provisioning (mobile and fixed). The
Network Function lger represents the bridge between what is needed for the physical infrastructure
and what is needed to actually deliver connectivity services.

Network Provisioning Network Functions and Integration
Fixed Mobile CORE Access -
Network Network Network Network I:;I;esge::tli‘f“
provisioning provisioning Functions Functions

Fi guirTehi9r di Neatywear Kk Functi on

The fourth layer, called th€onnectivity and Enabling Technology Service layacludes all
activities related to the provision of connectivity and enabling technddaggd services to the end
user, also referring to the definition of technical requirements, the provision of components and
devices, service operation and mainteargnd content distribution. This layer represents the
traditional value proposition of the telecommunications supply chain, thus oriented towards the offer
of a connectivity sevice or the offer of standafdff-the shelf solutions and services based on various
General Purpose ICT technologies.
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The last layer concerns the-salledDigital Service and Applicatiarirhis layer includes a series of
activities useful for developing specific applications for companies in the different industry verticals,
where not the classic connectivity offer is proposed, but a specific connectivity strategy is defined to
develop bumess cases useful to the custota@bjectives. In addition, this last layer is crucial for

the development of applications enabled by mobile network technologies, such as 5G, that enable the
growth and increased competitiveness of European companies.

Digital Service and Application

Vertical specific - Integration of use Network
[ digital strategy ] [ Designing of use ] [ Development of use ] [ cases within the management and Telco for Telco

cases cases . services
assessment network analysis

Fi edi Fi ltalhyi ®i gi t al Service and Applicati

To continue with our analysis, it is appropriate to give a definition of an industry vertical, so that we
are clear on the concept and understand what we are referring to.

An industry vertical describes a specific sector of the economy that focuses on a particular type of
product or service, targeting a specific market niche. Also called vertical markets, industry verticals
include everything from 3D printing to eSpots.

In Chapter 3, the activities of the layers just described will be presented in more detail along with the
business models of the AS analysis of the various actors in the telecommunications ecosystem. In
the next section, however, the categories of actbat were considered in our mapping will be
defined.

2.4. Identification of playersinvolved

The telecommunications ecosystem consists of a variety of players that constitute its backbone. Some
have a longstanding presence inighindustry; while others came from adjacent markets, leading to
increased competitiveness and changes in the ecosgstechitecture and organization.

52 https://pitchbook.com/whadre-ind ustryverticals
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The process of defining the categories of players to be considered began by identifying the boundaries
of the telecommunications industry (section 2.2), and thus the players operating in it. Next, we
grouped them into different categories based on commaracteristics, such as activities performed

to create value, and customer segment.

At the end of the process described above, we identified sixteen categories of players operating in the
telecommunications ecosystem, defined as follows:

t Global Backbone Provider. International operators involved in the implementation and
operation of large global connectivity infrastructure consisting mainly of submiibiee
optic cables. These links are used to transport large amounts of data over long distances, such
as between continents and/or countries and are therefore preferably laid on the ocean floor.
Some examples of players in this categorySparkle, AT&T, DTGC, Liberty Global, Lumen,
PCCW Global, Cogent, Arelion, Huawei Marine Networks

t National Backbone Provider. National infrastructure operators responsible for laying the
copper or fiber optic cables that constitute the national Backbone network. Some examples of
players in this category are incumbent telecommunications operators in various countries as
well asoperators of large infrastructure such as railway and road networks;

t Network Infrastructure Provider : Telecommunications infrastructure providers including
antennas and towers distributed across the territory, installation of radio base station binding
networks, cabling, and supply of fiber optic and copper cables. In addition, some players own
IT infragtructure (e.g., data centers), and, in rare cases, are involved in providing loT services.
Examples of players in this category incligi€owers Cellnex, Vantage Towers, GD Towers,
Inwit, TOTEM

t Infrastructure System Integrator: Providers and installers of passive network
infrastructure, mainly fiber optic cables and physical infrastructure for radio access networks.
Some players also offer digital solutions suchCésud services or consulting on General
Purpose digital technologies. Some examples of players in this categ&iytiaexatronics,
Nexans, Telebit, Valtellina, Siejte

t Fixed line Access Network Infrastructure Wholesaler Players that operate a fixed line
fiber or pointto-point radio network infrastructure that they then resell to telecommunications
retailers that in turn provide connectivity services. They are characterizediBgainalence
of Inputfimodel. Some examples of players in this categormenfiber and Openreach

t IT Infrastructure Provider : IT infrastructure managers and providers (e.g., Data Center
Providers and Internet Exchange Points) that may also ©fferd services. Some examples
of players in this category are, among the IRE-CIX, AMSIX, LINX LON, EPIX, Namex,
Mix; among Data Center ProvideBigital Reality, Equinix, Vantage, Aruba, Retglit
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IT Technology Provider: IT infrastructure suppliers, providing equipment such as servers
and networking devices to implement and manage data centers. Some examples of players in
this category ar®ell, HP, Supermicro, and Lenayvo

Network Equipment and Software Supplier. Providing network equipment and solutions
through hardware devices and software features. In some cases they also @toudle
services and IT integration enabling to operate the network. Some examples of players in this
category areNokia, Ericsson, Huawei, Samsung, ZTE, Mavenir, NEC, Fujitsu, Qualcomm,
JMA Wireless, CISCO, Juniper Networks, Rakuten Mobile, Tiesse

Mobile and Fixed Network Operator Fixed line and mobile telecommunications operators
that offer connectivity services to both consumer and business clients. They own the active
network infrastructure and hold licenses for the use of fixed line and mobile frequency
spectrum. In addition, #y can offelCloudcomputing and cybersecurity services due to their
ICT expertise. Some examples of players in this categoryideVodafone, Orange, DT,
Telefonica, Telia, SFR, British Telecom

Mobile Virtual Network Operator : Virtual mobile operators that do not own either network
infrastructure or access to frequency spectrum but provide connectivity services using the
networks owned by Mobile and Fixed Network Operators. Some examples of players in this
category ard@’>oste Mobile, Coop Vogckyca Mobile, Ho Mobile, 1nge

Satellite Network Operator: Connectivity system operators that leverage a satellite network
infrastructure and can have access to mobile frequency spectrum. Some examples of players
in this category ar&tarlink, Lynk GlobalandOneweb

Specialized ICT Service CompanySpecialized ICT service providers ranging from Content
Delivery Network, to security, and virtualization and computing platforms. Some examples
of players in this category atdoudlare, Akamai, Fortinet, VMware, IBM, HPE

Over-The-Top (OTT): Operators providing digital content, mostly streaming, and leverage
telecommunications networks without owning any infrastructure assets, except CDN caches
(Content Delivery Netwojk Some examples of players in this categoryTakéok, BeReal,
Spotify, Disney+

Hyperscaler. Operators providing digital content, mostly streaming, @twlid computing
through their own telecommunications infrastructure, such as submarine cables and parts of
infrastructure for content distribution. Some examples of players in this categ@ypagée,
Amazon, Microsoft, Meta, Netfjix

IT System Integrator: Players that support clients with consulting and integration services
to jointly develop IT services that meet the needs of industrial users. Some examples of
players in this category afecenture, Italtel, MaticMind, NeReply, and Capgemini
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t Industrial Connectivity Provider : Providers of network and connectivity services and
integrations for businesses and public sector bodies with different technologies (such as
industrial wired network technologies, WiFi, LoORaWAN, etc.). Some examples of players in
this category ar&nidata, Acantho, A2A Smartcity, and Actility

t Artificial Intelligence Provider : Players who specialize in offering -Alased services (e.g.,
GenAl). Some examples of players in this category@penAl,Mistral Al.

These categories of players, in addition to being different from each other for the characteristics
described above, are also different in terms of the number of activities conducted. In particular, we
find ourselves on a continuum where at one extreméngeplayers who are very focused on few
activities, in rare cases just one, also on one single layer, while at the other extreme we find other
players performing a variety of different activities on almost all layers displaying a vertical integration
appoach.

The categories of players we have identified cover almost all the types within the telecommunications

ecosystem. Nevertheless, like all research that attempts to frame reality into a model, this study is not
without limitations. In fact, this research, whiis based on a qualitative approach, is by nature prone

to subjectivity. This has led to omitting some types of players among those listed in this section that

can be classified as hybrids
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3. Value network activities and archetypes

This chapter presents the research results related to the components of the value network model and
the methodology used to map the different types of players within the ecosystem. Specifically, it
describes all the activities identified for each layathefecosystem model introduced in the previous
chapter. The concept dbusiness model archetygeis then introduced representative types of
players that carry out a subset of the activities across the various levels. For the sake of model
sustainabiliy, these archetypes are not intended to be exhaustive or to capture the full complexity of
the current ecosystem, where players often exhibit hybrid characteristics and perform more activities

than those typically associated with t

3.1. Activities in the modell

heir reference archetype.

ayers

After defining the model that describes the architecture of the telecommunications ecosystem (Figure
12), consisting of five layers, the activities within each layer have been identified and described.
These activities were determined through qualitatata dollection methodologies, drawing on both
primary sources (interviews with players and ecosystem experts) and secondary sources (news

articles and reports).
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Listed and described below:

U Backbone Infrastructure

1 International Wireline Infrastructure : Cabling and laying international
telecommunications cables connecting continents and countries; typically submarine fiber
optic cables;

1 National Wireline Infrastructure : Cabling and laying national fiber optic cables that
make up the national telecommunications backbone;

1 Wireline Infrastructure Management: Purchase, management of domestic and
international network backbones, and supply of associated connectivity services.

U Network Infrastructure

1 WirelessNetwork

A Passive Macro Infrastructure; Installation of antennas and cell towers
distributed throughout the territory. This passive part of the infrastructure includes
all those devices/facilities that play a passive role (tower, cables connecting to the
tower, power supply, units that enableintenance operations, and the cabin
located at the base of the tower) that serve as support for the active part (antenna,
radio unit, baseband unit, frefmid-/backhaul) that transmits and receives the
signal;

A Active Macro Infrastructure : Developmentsupplyand managememtf mobile
network active technology components, such as: integrated base station, Small
Cell, disaggregated RAN components (Radio Unit, Distributed Unit, Central Unit,
Radio Intelligent Controller, etc.), and associated software, servers and
components;

A Passive Dedicated Infrastructure Installation and management of equipment
components and passive antennas used to provide shared public radio coverage or
within a specific area (highway tunnels, subways, etc.);

A Active Dedicated Infrastructure: Management of active radio network
components (donor base stations for DAS systérBmall Cell systems) used to
provide shared public radio coverage within a specific area (highway tunnels,
subways, etc.) or to create private mobile networks (MPNs) and their integration
with the rest of the public network;

A Network Satellite Infrastructure : Creation and operation of satellite networks
providing connectivity and telecommunication services. This type of infrastructure
is used to provide connectivity to isolated areas of the world where it has not yet
been possible to connect a backbone infrastire to provide access to the Internet
and telecommunications systems, or in sparsely populated areas not yet covered

%3 Distributed Antenna System
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by fibre/copper networksWe also includeall HAPS infrastructure® (High-
altitude platform system)

A Mobile AccessProvisioning: management of mobile network access for resale to
operators telecommunications retailers

A xHauling Network : Implementation of binding networks (frefrid-/backhaul)
of radio base stations in the RAN;

1 Wired Network

A Passive Wireline Infrastructure: Supply and wiring of fiber optic and copper
cables;

A Optical Transmission Equipment Design and manufacture of optical

transmission and networking equipment;

A CPE i Modem Router: Design and manufacture of interconnection equipment
necessary to deliver the service to end users (e.g., optical home gateways, CPE for
fixed line wireless access);

A Fixed line Access ProvisioningFixed line network access management for resale
to operators telecommunications retailers;

1 IT Infrastructure

A Data Center Infrastructure : Development and management of the physical data
center infrastructure; from building to actual physical installation of hardware
equipment for data storage and manageraedtto the link among servers and
with the network

A IXP Infrastructure : Implementation and management of the IXP infrastructure
that enables the various Internet Service Providers to exchange Internet traffic
between each other;

U Network Function
1 Network Provisioning
A Fixed line Network Provisioning: Providing fixed line connectivity services for
residential and business users through available technologies (copper, optical
fibre, and radio);
A Mobile Network Provisioning: Providing mobile line connectivity services for
residential and business users and management of the radio spectrum required,;
1 Network Functions and Integration
A Core Network Functions Development and management of the Core Network
components required to deliver the connectivity services and features necessary
for basic and advanced service managenasiat VAS (such aphone topups,
rewards, fdAcall me Dbaeatc)k, 0 anonymized |

4 Radio stations located at a fixed pointZDkilometres above the Earth. They can be used to provide both fixed broadband connectivity to end users
and transmission links between mobile and core networks, used for backhauling traffic.
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A

Access Network Functions Development and management of software
components to operate the access network (as in the case of disaggregated and
virtualized mobile network);

IT Service Integration: Development and management of network IT services
and systems (centralized and distributed data centers with servers, storage, and
management systems) required for Core Networks, virtualized access networks,
private mobile networks (MPNS), etc.;

U Connectivity & Enabling Technology Service
1 Connectivity Service

A

A

Service Delivery Managing the operation and maintenancenobile and fixed

line connectivity services;

Terminals and Chipsets Provisioning Supply and sale of components and
devices for user terminal@.g., smartphones, tablet, PC desktop, PC laptop,
wearable communications and specialized systems such as point of sale and
networking equipmeit

Specialized ServicesSpecific and specialized services that go beyond traditional
basic communications, encompassing all activities that provide quality assured
service (e.g., Network slicing, 5G Mobile Private Networks);

Service Level AgreementDefinition and Verification/Assurance Definition,
implementation, monitoring and assurance of compliance with the technical
requirements for the specific dedicated connectivity service

Content Delivery Network: Installation and management of the network and
components, for the distribution of content aiming for greater speed and efficiency
in bringing them closer to end users;

loT Connectivity Services Design and supply of IoT connectivity services (such
as those used by LoRaWAdhd NBIoT) and WiFi, to create private enterprise
and smart city networks;

1 Enabling Technology Service Offering ICT servicegioff the sheli based on enabling
technologies such a€loud computing, 0T (such asloT service platforms Data
Management andnalytics, Cybersecuritiand Remote Connectivity Services (such as
SD-WAN and Security Access Service Edgaitificial Intelligence and Edge computing,
for consumer, enterprise, PA and telco customers. By all these technologies, especially
Artificial Intelligence, we mean services and applications that, in addition to being offered
to customers, are also inthaced within telecommunications meirks (e.g. Al for
network management, Al for resource optimisation)

U Digital Service and Application
1 Vertical Specific Digital Strategy Assessment Consulting activities aimed at
identifying the customés requirements through a gap analysis, in order to define the most
suitable digitisation and connectivity strategy for the company
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1 Designing of theUse Cases Technical design of the specific use case where all the
technical characteristics required to develop it correctly are identified

1 Development of Use CasedDevelopment and testing of use cases through software
platforms (may or may not be proprietary depending on the companies developing the use
cases)

1 Integrations of Use Cases within the NetworkIntegration activities of use cases into
the compangs private network

1 Network Management and AnalysisManagement and analysis of data flowing through
the network to improve services and network management

1 Telco for Telco Services Consultancy services provided by telecommunications
operators for other, often smalléelecommunications operators (e.g. virtual opegstor
want to enter the mobile or fixewnnectivity servicenarket).

After the representation of the architecture of the telecommunications ecosystem, our model is
completed by adding the end customers to whom the different offers are addressed. The categories of
actors we found are: end consumers (B2C), private compa@a&),(public administrations (PA)

and telecommunication companies (B2T). Due to the way our model is structured, connectivity
service offerings, those based on enabling technologies, and vertical applicationsithegébe

B2C, B2B, PA, and B2T customer segments.

3.2. Mapping business model archetypes

After configuring the model using the methodologies mentioned previously, the different business
model archetypes have been outlined, defining the various categories of players identifiedd Players
archetypes do not claim to capturing the variety of business strategies and activities conducted by the
companies operating in the market, but aim to ideally represent the category, although actual players
can then conduct other activities according tatreely common hybridization strategies.

In addition, at the moment, activities that go beyond the traditional perimeter of the telco supply
chain, such as the sale of insurance services or electricity & gas, that could constusteay
beyond the coreto diversify the value offer, have not been mapped.

Up to now the mapping concerned only the activities used by players to create value for clients;
henceforth, value capture and distribution activities will also be added for a more complete model,
enabling prospective assessments of possible future chisnvgdang role variations, the entry of

new players, and the development of new activities.

To define business model archetypes for each category of players, the business models of the main
companies belonging to each group were analyzed and compared to ideritiiyrdoeactivities that

may be representative of the category and instrumental to the analysis of the ecosystem and its
evolutions.
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In more detail, the mapping was performed highlighting all the activities conducted in each layer by
individual players within the analyzed category. A sadadourwas used to highlight the activities
common to all the companies considered, whereas the shade used for others conducted by only a par
of the sample were more graded. The former represeitdingd activities for that category of player,

while the latter constitute thi@dditionab activities that only some of the mapped players perform.
Listed below are the different business model archetypes of the previously mentioned categories of
players

Global Backbone Provider

The players in this category manage assets and conduct capital intensive activities such as owning
submarine cable laying vessels. This type of player usually also manages the international
infrastructure and provides associated connectivity services. &veagpare often large corporations

or can be part of large telecommunications groups.
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National Backbone Provider

The national infrastructure operators are in charge of laying backbone cables at national level and of
managing the geographical interconnection infrastructure. They are often part of groups of national
telecommunications operators or international congmpiesent in multiple countries. In some cases
they are a part of the activities of companies that manage activities related to other network
infrastructures (such as railways, roads, and energy networks) and in this case they can also be
installers and perators of passive infrastructure for mobile networks for special uses (e.g. radio
networks forsignallingand railway management or dedicated radio systems for managing roads and
highways). Clearly, telecommunications are not the core business for tHiggsubf players, that

are important for the development of the entire ecosystem because they cestdrinmfrastructure

useful for the development of the network, particularly mobile. Given their strategic importance, in
some cases stakeholderslude public entities.
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Network Infrastructure Provider

Currently this category of players is mainly referred to Tower Companies, but in the future could
embrace other types of subjects. These would be players with expertise in the design and installation
of passive mobile network infrastructure, such as tovaeid signal transmission antennas. The
activities of these players are concentrated in the mobile network portion, in which they are highly
specialized. The number of players in this category is generally small per country, due to the massive
investment innfrastructure required. For example, in Italy the market is made up of some players
divided into Tower Companies operating in the mobile part of the network, and others that operate
mainly in the radietelevision broadcasting part. Some of these plagtes from Joint Ventures
between different operators or aeparatiorof Mobile and Fixed Network Operators or are highly
established companies in the market. In some cases they perform other activities, such as managing
data center IT infrastructure anffering ICT services.
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Infrastructure System Integrator

Infrastructure System Integrators are a type of players deeply rooted in the telecommunications
ecosystem, having been present in this sector for many years. They are historically characterized by
long-term experience and competence in laying cables.cinttae activities they perform most are
related to the laying and cabling fdfre optic/twisted pair cables for passive or xHauling fixed line
networks. Over time they have acquired a role in the design and management of sites for the

construction of moite networks for which they also provide design and design support services, and,

in some circumstances, they provide support forgset CPE installations.

Recently, some of the players in this category have been conducting new activities in other layers of
the ecosystem, including the integration of IT services and providing-aalded services such as
Cloud, cybersecurity, and IoT. Here too, category players are few and very well established in the

market.
4 . . . .. N
Digital Service and Application
+ P N N r
Vertical specific PE Integration of use Network
digital strategy Demgz;:gsof use Develo:l:st:r;t of use cases within the management and TE'?::;L::ICO

assessment ) )L network analysis
. J
/ Connectivity Service N Enabling Technology Service \

Service level ) Cloud ti . Data Managerﬂent
agreement definition CDN Specialized services o secr::::: ng IoT services and Analytics
and verification ) services
. ) . . Cybersecurity and .
_Terminal and Service delivery 10T connectivity Remote Connectivity Al services Edge computing
chipset provisioning services services services )
( Network Provisioning Network Functions and Integration h
(
Fixed Mobile CORE Access IT Service
Network Network Network Network Integration
provisioning provisioning Functions Functions

. ~ J

Wireless Infrastructure

IT infrastructure

Wired Infrastructure

Active Macro
Infrastructure
Passive Macro
Infrastructure

Active Dedicated
Infrastructure

xHauling

Passive Dedicated
Infrastructure

Network

Network Satellite
Infrastructure

Mobile access
provisioning

Data Center IXP
infrastructure infrastructure

Passive Fixed line Optical CPE -
wireline access trasmission Modem
infrastructure provisioning equipment router

J

[

Backbone Infrastructure

[ International wireline ] [

National wireline
infrastructure

infrastructure

Wireline infrastructure
management

Figwerienfrastructure

System |

ntegrator

46

B L



MISSIONE 4
ISTRUZIONE
RICERCA

Fixed Access Network Infrastructure Wholesaler

fiwholesale only, are a type of players introduced at the end of the last century, representing one of
the youngest types of players of the telecommunications ecosystem. They emerged due to the need
to have operators deploying and managing access network infrastructrently only cases of

fixed line access infrastructure) indiscriminately sold to telco retailers (Mobile and Fixed Network
Operators). The service management model igiugiivalence of Inpagtmodel, which is the exact
opposite of théEquivalence of Outpdtmodel adopted by telecommunications operators.

These players are not vertically integrated, and therefore do not compete with retailers of
telecommunications services but only manage the infrastructure on which they will then resell their
services. Often, they are companies controlled partly by maitegs or government bodies. In some
cases, this type of players also stemmed from fixed line network spinoffs from Mobile and Fixed
Network Operators, as in the case of Openreach with British Telecom or Chorus with Spark in New
Zealand. Wholesale primdri provides fixed line network access management; therefore, their
activities mainly concern the infrastructure layer. Together with Infrastructure System Integrators,
they play a role in the design and implementation of passive network infrastructure.
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IT Infrastructure Provider

IT Infrastructure Providers mainly include two scditegories of players: Internet Exchange Point
and Data Center Providers.

The former are highly specialized in providing the required infrastructure to enable Internet Service
Providers [SP9 to exchange Internet traffic among themselves, while the latter provide space to host

the IT infrastructure of companiesadlocatior), and in some cases also offéloud services. The

number of IXP Providers largely depends on the characteristics of the interconnectivity network

architecture that has developed over time in various countries but are usually just a few in each
country. At theEuropean level there are large IXPs in some countries that play a role at the continental
level and not only in the countries where they are located, therefore managing large volumes of traffic

(e.g. AMSIX and DECIX).

For Data Center Providers the situation is slightly different, with a larger number of players still
characterized by a high market concentration in subjects that manage large niiitmderss

usually a close link between IXP and Data Center Providers due to the obvious interconnectivity
needs of data centers, but IXPs are known for their independence.
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IT Technology Provider

This type of players is characterized by a high level of technology expertise, as they originally
provided ICT services and products such as personal computers and software. Telecommunications
are not their core business, but they provide components avidesethat are essential for the
operation of the network infrastructure. The activities they mostly perform include managing network
functions such as remote servers and radio units, and off€imgl services, and in some cases
cybersecurity. Some plays also provide data center IT infrastructure.
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Network Equipment and Software Supplier

These players are characterized by strong ICT expertise. They are key players in the
telecommunications ecosystem, providing software and hardware devices enabling network

management. Some players also offer IT integratiorCdoddservices. They are well established in
the infrastructure and network functions layer.
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Mobile and Fixed Network Operator

Mobile and Fixed Network Operators are telecom operators and traditionally, the key players in the
telecommunications ecosystem. These players have a central role in the ecosystem in that they
provide services to end customers, both consumer and busindsswn large telecommunications
infrastructures, fronfibre optic cables to antennas for signal transmission. In addition, they have
always adopted a vertical integration approach and cover all layers of the ecosystem and perform a
variety of activities.

Telecommunications operators are players that have always been in this industry, and in the past, they
have shaped the entire telecommunications ecosystem through the implementation of infrastructure
and services. Given their strategic importance, sonteeoh have State participation in the Board of
Directors. These are the players that are being most affected by the transformations of the industry,
and in the near future will necessarily have to change their business model to innovate and be able to
captue value from the services they offer.
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Mobile Virtual Network Operator

The business model of this type of player has been specifically designed to leverage the network
infrastructure and frequency spectrum of Mobile and Fixed Network Operators, and subsequently
only conduct service delivery activities. Some virtual operatmdlets also include running their own
dedicated Core Network (full mobile virtual network operator model), which enables to customize
services and provide differentiated advanced services of the operator providing the access
infrastructure. Although originiad in a different context, the virtual operator model could be a point

of reference in the future, aiming to separate the management of infrastructure from the provision of
connectivity services.
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Satellite Network Operator

This type consists of a small number of players that offer connectivity services by leveraging their
infrastructure network consisting mostly of Lavarth-Orbit (LEO) satellites. The small satellites

that make up this network provide Internet access aioé wervices in rural areas of the planet where

fiber optic networks have not yet arrived or where it is very complicated to connect that area to a
network cable providing adequate coverage. These players have emerged in recent years, driven by
the rapid gowth of the New Space Economy market. In addition, these players can have access to
the mobile frequency spectrum and also provide connectivity services.
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Specialized ICT Service Compam

These players are characterized by a high degree of specialization in providing Content Delivery
Network services and virtualization of computing platforms. They emerged at the end of the past
century to address the need to manage network content detieeeyefficiently. In some cases they

also offerCloudand Cybersecurity services.
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Over-The-Top

AOTTS are a category of players that use telecommunications networks provided by other players,
in that they do not have their own network infrastructure to offer multimedia services and applications
such as streaming platforms or social networks. They hagé anr managing content distribution
networks (CDNs), sometimes using their own infrastructure and other times througpattyrd
providers.
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Hyperscaler

This type of player consists of what are knownf@gchGiantso These players offeCloud
computing services worldwide and own parts of the upstream and downstream network infrastructure.
Some of them are also specialized in providing Content Delivery Network services, and in offering
hardware and software solutions for private 4G/5G netwdrksir strengths also include owning
international network infrastructures that connect the continents over which Internet data transits, and
being present with their own equipment in the vast majority of IXPs across the world by being able
to route traffc directly into the access networks of telecommunications operators
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IT System Integrator

This type of player offers valsadded consulting and integration services and specific use cases for
various industry verticals such as manufacturing, logistics, mining, etc.

Very often these players provide consulting to several other players in the telecommunications
ecosystem, thus indirectly playing a role in many of the activities that have been identified in the
value network. However, the model representation is limieshowing only the activities that are
conducted independently and not for others, providing support and manpower.

FigB8éT System I ntegrator Business Mo
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