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JEL classification: The paper considers how 5G and 6G technologies fit within the broader context of EU industrial
L5l policies. It highlights that policies targeting 5G and 6G represent an interesting instantiation of a
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(relatively) novel and under researched type of EU industrial policy, which we describe as a
“technology-specific” industrial policy. This approach, that departs from the traditional di-
Keywords: chotomy between horizontal and vertical policies, has some desirable features that we highlight,
56 but also raises some challenges. We focus on the key role these policies may play in drawing
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EU industrial policy attention on demand and adoption patterns, especially if the implications of the GPT features of
innovation 5G and 6G are explicitly taken into account. The analysis suggests that much more emphasis
technology adoption should be given to demand-side innovation policies along with standard policies directed at final
technological sovereignty demand, to improving the vertical governance of EU policies so as to fully capture the techno-
demand-side innovation policy logical opportunities key technologies open up and to the explicit consideration of the trade-offs

behind the concrete implementation of this sort of policies.

1. Introduction

The fifth generation of mobile networks (5G), first specified within the global standards body 3GPP in 2015 and still in devel-
opment, represents a remarkable technological shift towards ubiquitous connectivity and overall performance. It goes beyond simple
(but substantial) improvements in human-to-human and data communication speed, as it opens up entirely new use cases linked to the
ability to connect multiple objects and to enable Internet of Things (IoT) applications. Automated driving, smart agriculture, tele-
medicine and fully automated industrial systems are examples of the key domains of application of the increased speed and capacity
and reduced latency delivered by 5G. 6G, expected on the market by 2030 and prospectively destined to replace 5G, will further the
advancements already achieved with 5G along the three key dimensions of speed, capacity and latency, reaching performances that
may potentially lead to a seamless blending among the digital, physical and human worlds (Nokia, 2023). This will depend, on one
side, on the massive adoption of 5G and 6G-related technologies (such as sensors and essential network components) and, on the other
side, on the application to networks of artificial intelligence and machine learning techniques. Both developments enable deployment
of digital twin models at scale. Overall, 5G and 6G may potentially revolutionize not only the mobile connectivity value chain, but also
more generally peoples’ way of living and producing.

The European Commission has recognized early on the disruptive potential of 5G and later 6G. 5G, in particular, has received
remarkable support through a multitude of instruments (Blind and Niebel, 2022), as its development is considered pertinent to many
policy areas, such as telecommunications policy, innovation policy, industrial policy and strategic trade policy. The initial policy focus
has been mostly on 5G as a new infrastructure, and on removing barriers to the rollout of the new networks by ensuring the allocation
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of adequate spectrum resources, reducing regulatory hurdles and adjusting State Aid rules so that mobile networks would not be
disadvantaged with respect to fixed ones. In this paper we move beyond the view of 5G as infrastructure to consider the broader
research question of how 5G and 6G fit within the broader context of EU industrial policy.

5G and 6G are interesting from the perspective of EU industrial policy both because 5G/6G-targeted measures appear fully coherent
with the recently emerged new vision for the purpose of EU industrial policy and because they represent an instance of an increasingly
prominent instantiation of it , departing from the traditional dichotomy between vertical and horizontal interventions. We describe
this (relatively) novel approach, which targets specific technologies (in addition to 5G also for instance artificial intelligence, cloud
computing, nanotechnologies and others), as a “technology-specific industrial policy”. It is an approach that is neither clearly hori-
zontal — directed across the board to all sectors of an economy — nor vertical — focused on a single specific sector. Indeed, industrial
policy measures targeting key technologies typically span many different sectors but involve more selectivity than the innovation/
industrial policies that have characterized the EU approach in recent decades. We believe this new form of industrial policy deserves
more academic attention than it has so far received.

This paper makes a first step in this direction. We first consider from a conceptual perspective the main desirable features of the
technology-specific approach to industrial policy as well as some trade-offs it raises. The first desirable feature is that it is coherent with
the three-fold objectives that, with some simplification, can be currently said to characterize the European approach: welfare im-
provements through economic growth; market-shaping to tackle “grand societal challenges”, primarily climate change; and strategic
international competition, with its corollaries of technological leadership, technological sovereignty and strategic autonomy. Each of
these objectives necessarily requires some form of targeting of specific technologies and cannot be achieved with the traditional
horizontal policies that have constituted for decades the staple of EU innovation/industrial policy.

Second, a technology-specific industrial policy calls attention on the technological opportunities that arise along the entirety of the
value chains associated to the targeted technology. This allows to go beyond generic “digital” policies and is in line with the insights
drawn from the debate on digitalization and secular stagnation. The latter debate, beyond the heated controversy, has highlighted that
the nature of technology determines technological opportunities, which in turn influence what types of policies are appropriate for the
pursuit of economic growth. Industrial policies centered around specific technologies provide a framework within which this sort of
relationships can be more naturally incorporated into policy action.

Third, and in our view most importantly, by attracting attention on the adoption patterns of specific technologies, this sort of
industrial policies may potentially mark a departure from the traditional skewedness of EU industrial policies towards the supply-side.

We propose that explicit consideration of the General Purpose Technology features of many of the targeted technologies would both
strengthen the case for demand-side policies and indicate elements of their implementation that should be taken into specific account.
We suggest to focus policies not on final demand, but on enhancing complementary innovation that may entice demand, so as to
stimulate the positive feedback loops normally associated to GPT-like technologies. This calls for demand-side innovation policies that
support co-invention and public-private collaborations on a much more significant scale than it is presently the case. Moreover, it calls
for particular care in the horizontal and vertical governance of this type of policies. A creative leap in policy making is needed to ensure
greater integration between science and technology policy, a traditional weakness of EU innovation policies, so as to broaden the scope
of the technological opportunities that can be effectively caught. Also, in addition to the traditional harmonization policies to achieve
scale, there is a need to orient more effectively to the identified EU-level policy goals the policy measures adopted at the local level.

As for the trade-offs raised by technology-specific industrial policies, we believe that one, in particular, should be more carefully
considered in policy-making: that between the traditional growth and competitiveness objective and the newly emphasized techno-
logical sovereignty and geopolitical objectives. We argue that a more careful evaluation of the costs and benefits associated to the
pursuit of these conflicting objectives should be a priority for EU policy making.

We illustrate these considerations by reference to the case of existing EU policies targeting 5G and 6G because the latter are
technologies that are directly relevant to the traditional area of focus of industrial policy — manufacturing — and may potentially have
effects that reach much beyond, as they share key aspects of General Purpose Technologies. We find that several aspects of the current
approach are coherent with our conceptual framework, but also that 5G and 6G exemplify the missing policy link between upstream
innovation and downstream applications on which we draw attention. Also, we highlight specific policy areas where the key trade-off
associated to technology-specific policies we have identified emerges particularly starkly.

The paper is organized as follows. Section 2 reviews the recent evolution of EU industrial policy, highlighting key milestones
underpinning the emergence of the articulated set of objectives that currently characterizes it. In section 3, the main conceptual
features of technology-specific industrial policies are explored. Section 4 traces links between the most salient objectives of EU in-
dustrial policy and 5G/6G technologies, providing a many-fold rationale for 5G/6G-targeted interventions. Section 5 analyzes the
current EU policy approach targeting 5G and 6G in light of the previously designed framework. Finally, section 6 briefly concludes.

2. Changing rationales of EU industrial policy: beyond efficiency and growth

In the past 15 years or so, the attitude of EU institutions towards industrial policy has profoundly changed. While most of the
history of European integration can be described as a deliberate drift away from forms of selective intervention, especially but not only
at Member State level, a number of recent developments has reignited interest for industrial policy.

The first of these developments is the 2007-2009 financial and economic crisis, which has made it more salient the problem of
growth and competitiveness that had started to be debated at least since the beginning of the 2000s, in view of the perception of
unsatisfactory growth performances especially with respect to the US. In retrospect, the data show that the concerns for growth were
well-grounded, but that they were not pertinent for the EU only. For instance, comparative data on labor productivity growth for the
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US and for 10 Western European nations over the period 1975-2015 (Gordon & Sayed, 2020) clearly shows that Europe has not
enjoyed the significant ICT-led acceleration of productivity experienced by the US in the period 1995-2005, while both Western
European nations and the US have shown declining productivity performance in the period 2005-2015, when additional benefits from
diffusion of ICT technologies could have been expected. More recent data confirm the previous trends (European Central Bank, 2021).
One notable contribution to this debate has been the 2010 Report on the Future of the Single Market by former commissioner Mario
Monti, advocating for a more active approach to industrial policy, after decades in which the very notion of industrial policy had fallen
in disgrace (Monti, 2010). A few years later, the European Commission has set out a new industrial policy strategy centered on the
commitment to reindustrialization and revival of manufacturing (European Commission, 2014).

Over the same time horizon, environmental concerns have become more central to the policy discourse, and various tools of in-
dustrial policy have started to be considered as possible solutions. In parallel, academic research has refined our understanding of the
legitimate objectives of public policy intervention, emphasizing the role of public decision-makers in shaping markets, rather than
simply fixing market failures, and in addressing the “grand challenges” of our times (Mazzucato, 2013). The notion of “mis-
sion-oriented” innovation and/or industrial policies has come back into fashion, permeating EU institutions, and its application has
been discussed in a variety of domains, especially those related to the pursuit of environmental objectives. The new emphasis on
industrial policy is apparent in the two main EU climate policy documents — the 2019 European Green Deal and the 2021 package “Fit
for 55” — that, in setting the objective of climate neutrality by 2050, foresee the use of a range of traditional industrial policy tools (such
as technical trade barriers and subsidies) to strengthen EU industries’ technological capabilities and market shares in key advanced
environmentally-relevant productions (Defraigne et al., 2022, chap. 1). A similar approach also shapes the main EU policy tool adopted
to address the economic consequences of the pandemic — Next Generation EU — with its corollary of national recovery and resilience
plans where a large part of the significant funds committed has to be deployed for specific “missions”.

A third key development concerns the geopolitical sphere, deeply affected by the evolving nature of China’s participation to global
markets and particularly of its relationship with the US. China’s integration in the WTO system, after an initial phase of emphasis on
the promised benefits from the broadened scope of international trading, has rapidly started raising concerns when it has become clear
that China was not willing to fully adopt Western market institutions and would participate to the international trade on its own terms.
In particular in the 2010s, the prominence in the Chinese approach of state-led interventions and initiatives to support local industry
and national champions, coupled with the ever greater internationalization of Chinese firms, called increasing attention on the risks of
distortions to international competition (Kroeber, 2020). Along with objectives of growth and competitiveness, a new interest for the
notions of leadership and strategic decision-making has thus emerged in response to the aggressive Chinese industrial policy. The
objectives of being at the technological frontier, actively participating to the development of breakthrough technologies and possessing
solid industrial capabilities in key sectors have taken on a new geopolitical meaning. Moreover, whether for genuine conviction or for
some economic interest in disguise, global technological competition has become increasingly a matter of competition among different
value systems. This is apparent, for instance, for technologies linked to surveillance and cybersecurity, as well as for technologies
related to artificial intelligence.

By the end of the decade, the need to deploy industrial policy measures to address these geopolitical developments has been made
explicit both in the 2019 EU-China Strategic Outlook, where China has been defined a “systemic rival” (European Commission and
High Representative of the Union for Foreign Affairs and Policy, 2019) and in President von der Leyen’s promise to lead a “geopolitical
Commission” (Von der Leyen, 2019).

The outburst of the Covid-19 pandemic has further changed EU industrial policy in two main ways. First, it has provided additional
support to the new geopolitical vision of industrial policy, by revealing new vulnerabilities of the European productive system, hit by
shortages of essential inputs and disruptions of global supply chain. The new expressions “resilience”, “technological sovereignty” and
“open strategic autonomy”' have gained increasing relevance in the European policy discourse. The concept of technological sover-
eignty is particularly pertinent here, as it serves as a relatively new umbrella term legitimizing a range of industrial policy measures.
Edler et al. (2020, p. 2) provide for it a useful definition as “the ability of a state or a federation of states to provide the technologies it deems
critical for its welfare, competitiveness, and ability to act, and to be able to develop these or source them from other economic areas without
one-sided structural dependency.” Second, the need to address the economic consequences of the pandemic has led to the mobilization of
substantial financial resources through the Resilience and Recovery Facility (RRF)? for the pursuit of objectives that can be broadly
labeled as related to industrial policy. This is an important change with respect to the past, when EU industrial policies have mostly
taken the form of non-binding targets, only limitedly backed by the availability of EU-level resources.

Throughout these developments, the evolution of technology has highlighted new opportunities and constraints for industrial
policy. Digitalization has gone much beyond the limits of specific sectors and intangible capital has become ever more crucial to
growth (Corrado et al., 2022). This has changed the nature of the priorities that industrial policy should address and has set the
adoption of digital technologies as a distinct and ineludible industrial policy goal (Gruber, 2019). Digitalization trends also increase
the quantitative relevance of issues of cybersecurity and dependency on US, and partly also Chinese, Big Techs.

1 The EU Commission interprets the term to refer “to the EU’s ability to chart its own course in line with its interests and values. This does not
mean going it alone, but rather accepting and managing our interdependence in the best possible way. The addition of ‘openness’ shows that the EU
will be open to trade and will promote stable rules in order to be strong economically and have geopolitical influence. Open Strategic Autonomy
means cooperating multilaterally wherever we can, acting autonomously wherever we must.” See https://trade.ec.europa.eu/doclib/html/159434.
htm.

2 https://ec.europa.eu/info/business-economy-euro/recovery-coronavirus/recovery-and-resilience-facility_en.
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As a result of these many circumstances, the current view of EU industrial policy is much broader than in the past. With some
simplification, the current objectives of EU industrial policy can now be summarized along three lines. The first is the traditional
efficiency rationale centered around the pursuit of welfare improvements through economic growth. The second is given by the newly
acknowledged role of industrial policy in addressing “grand societal challenges”, and primarily climate change. The third objective has
to do with the novel emphasis on strategic competition in the international arena and therefore with the quest for technological
leadership and technological sovereignty.

3. Changing tools of EU industrial policy: the emergence of “technology-specific industrial policy”

The academic debate has amply discussed the relative merits of horizontal and vertical approaches to industrial policy, i.e. of
policies directed across the board to all sectors of an economy vis-a-vis policies focused on a single specific sector. For decades, a very
broad consensus has developed towards an increasing overall emphasis on the risks of “picking winners” that turn out not to be a good
bet on the future of technological development associated to selective interventions (Landesmann, 2015). In this cultural milieu, the
strengthening of EU institutions has also gone hand in hand with the progressive reduction of the space available to Member States to
promote specific sectors in their territories. Particularly since the start of the new millennium, the EU has thus fully endorsed a pri-
marily horizontal approach that has blurred the lines between innovation policies and industrial policies. With the Lisbon Agenda and
Europe 2020 in the 2000s and 2010s, innovation policies have attracted most of the attention as a way of implementing horizontal
industrial policies. Their focus has been on upstream R&D and life-long learning, thus reflecting an implicit view according to which a
well-trained workforce would enable rapid incorporation of publicly-supported advanced technologies in production. In the appli-
cation of this type of horizontal innovation/industrial policies, relatively little attention was directed towards the specific mechanisms
through which upstream R&D may translate into industrial adoption and use of technologies (Chang & Andreoni, 2020).

This feature of EU innovation and digitalization initiatives has recently been pinpointed also by the European Court of Auditors
(European Court of Auditors, 2020, p.29), who has warned that scientific projects financed through EU funds may fail to constitute a
useful input for market applications because the lack of coordination between funding of scientific research and subsequent funding of
its implementation may prevent application on an adequate scale.

Another key feature of industrial policy, in Europe and elsewhere, is that it has traditionally been skewed towards the supply-side.
While old-style protectionist measures focusing on specific sectors have historically aimed at protecting demand for “infant industries”
or “local champions” so as to complement supply-side support, the typical tools of horizontal industrial policies — horizontal R&D
subsidies, tax credits, infrastructure funding, education etc. — are clearly directed at addressing supply-side market failures only. More
recently, attention towards demand-side issues and tools such as public procurement, regulation, standardization, and various forms of
demand-side stimuli has substantially increased in many countries (OECD, 2011). From an academic standpoint these policies have not
been fully explored and are certainly still not fully understood in terms of their effects (Caiazza, 2016; Edler, 2016). Nonetheless, they
point to an interesting innovation in the approach to innovation/industrial policy.

An even more recent and, we believe, particularly interesting innovation in the EU industrial policy toolbox is given by what we
have defined “technology-specific industrial policy”, i.e. an industrial policy targeted at a specific technology that is neither clearly
horizontal nor vertical. One of the first instances of adoption of this variant of industrial policy in the EU can possibly be identified in
the introduction in the policy discourse of the notion of “key enabling technologies” featuring in policy documents since 2009 and
emphasized a decade later by the then newly elected European Commission President Ursula von der Leyen when stating “[w]e must
have mastery and ownership of key technologies in Europe. These include quantum computing, artificial intelligence, blockchain, and chip
technologies” (Von der Leyen, 2019). With a slightly changed terminology (“cutting-edge technologies for people™), key technologies
are currently placed at the basis of the EU Commission’s “Digital Decade” pyramid,® including 5G, microelectronics, quantum
computing and others. Coherently with this policy stance, a range of policy initiatives with a focus on specific technologies is currently
in the making, as exemplified for instance by the “Chips Act”, the many artificial intelligence-related policies and cloud policies (see, e.
g., Timmers, 2022).

These policy measures are interestingly difficult to reconcile with the traditional distinction between vertical and horizontal
policies. They are not horizontal, because they target specific technologies and aim at strengthening innovation capabilities in well-
defined areas rather than leaving to firms in any technological area the option to self-select for public support. Nor are they vertical in
the conventional sense of being sectoral interventions, because each of the “cutting-edge technologies for people” spans a number of
traditional sectors. It is therefore worth considering more explicitly than it has so far been the case the possible advantages and
disadvantages of such a form of “technology-specific industrial policy”.

Indeed, this type of policies with distinctly novel features has, to our knowledge, emerged in policy documents but has gone so far
relatively unnoticed in the academic literature, where the focus remains on the traditional horizontal/vertical dichotomy. Moreover,
and most importantly, we argue that the implementation of technology-specific industrial policies has been pursued in practice
without fully considering the implications, in terms of both potential benefits and challenges, of this novel approach. Therefore, in this
section, we elaborate on some key aspects of these policies, with the objective of increasing awareness of their features and suggesting
some areas of improvement in their application.

The first important feature of the technology-specific approach here discussed is that it appears coherent with the threefold

3 https://digital-strategy.ec.europa.eu/en/policies/europes-digital-decade.
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objectives that currently characterize EU industrial policy, summarized in the previous section. The pursuit of the latter necessarily
requires some form of targeted intervention that goes beyond the horizontal approach that has dominated the last decades. Indeed, the
very notion of “mission-oriented” innovation is inherently associated to selectivity in the identification of both the aims of industrial
policy and the tools used. Yet, reasoning “by sector” has been made inappropriate by digitalization, as sectoral distinctions are
increasingly blurred (Andreoni, 2020), which suggests that alternative forms of targeted intervention should be explored. Also, the
more “strategic” objectives of technological sovereignty and resilience intrinsically point to the need for a focus on advancement of
specific technologies.

Targeting policies on specific technologies also allows to focus attention on the concrete technological opportunities they open up
without falling prey to the indeterminacy of general “digital” policies, which may risk being too broad and ineffective. More specif-
ically, it may make it more natural to adopt a whole value chain approach that takes into account the linkages among different levels of
the value chain impacted by a given technology. This is reminiscent, to some extent, of the seminal contributions on the approach to
sectoral policies for economic development by Albert Hirschman (1958; 1977), who suggested to focus on sectors that have many
upstream and downstream linkages as a way of maximizing the impact of industrial policy measures.

Finally, and in our view most importantly, a technology-specific approach to industrial policy may in principle allow to rebalance,
to some extent, the mentioned skewedness of EU industrial policies towards the supply-side. Indeed, the policy focus on specific
technologies may make demand-side issues more naturally salient, as attention should be more easily drawn to the technologies’
adoption patterns. This appears very important in light of the fact that adoption of innovative technologies is certainly a key driver of
productivity improvements and empirical evidence shows it is not occurring spontaneously to a desirable extent in the EU (Gal et al.,
2019). As mentioned, European countries notoriously lag behind the US in terms of adoption of digital technologies. The gap is
particularly evident for the service sector, as compared to the manufacturing sector, whose digital adoption performance is more
aligned with that of US firms, and in terms of technologies for internet of things (IoT) solutions, big data and software development
(European Investment Bank, 2020).

Of these three features of the technology-specific approach to industrial policy, the last is definitely the one that holds the greatest
potential and the one that has been less thoroughly explored and rationalized both in academia and in policy making. Indeed, so far,
the supply-side has tended to remain focal, at least at the beginning of any technology-specific policy discourse.

The potential benefits from increased attention towards demand driven by the choice to target specific technologies with industrial
policy measures are particularly relevant if the targeted technology has the features of a General Purpose Technology (GPT). According
to Bresnahan and Trajtenberg (1995), a GPT has the following three key features: (1) a technology that is pervasive in its use; (2) that is
capable of self-regeneration and of ongoing technical improvement; and (3) that enables further downstream innovation in application
sectors. So-called “innovational complementarities” result from the combination of features (2) and (3) and indicate the fact that
innovations in the GPT raise the return to innovations in applications and vice-versa. The process of co-invention of the basic tech-
nology and applications allows to avoid diminishing returns and may generate sustained aggregate growth (Bresnahan, 2010). Thus,
GPTs raise productivity and stimulate growth by raising the performance of existing firms and sectors and by creating opportunities for
new firms and sectors to develop through innovation.

The true size of the impact of GPTs on growth has been the object of discussions in the context of the debate on so-called “secular
stagnation”. “Technological pessimists” like Robert Gordon view current GPTs as starkly different from GPTs of the past such as the
steam engine and electrification, inherently limited in their ability to raise productivity, and characterized by diminishing returns (e.g.,
Gordon, 2012). “Technological optimists”, by contrast, believe it is mostly a matter of time before the ICT revolution fully displays its
growth effects (e.g., Brynjolfsson & McAfee, 2012; Mokyr, 2014, pp. 83-89). However, irrespective of whether technological “pes-
simists” or “optimists” are right in their interpretations, there can be no doubt that the timing of adoption and the use that is made of
GPT technologies has a substantial impact on productivity and therefore on the growth objective pursued through industrial policies.
In other words, demand-side dynamics are crucial. For instance, Gordon and Sayed’s (2020) analysis of 10 Western European countries
finds that the large differences in productivity growth rates across the two sides of the Atlantic over the period 1995-2005 can be
explained both by disparities in raw ICT investment and by failures in firms’ ability to fully exploit the productive benefits of ICT
infrastructures. The latter factor accounts for the bulk (around 80%) of the productivity differential.

So far, the benefits of investing in specific technologies have not been fully articulated in the EU policy discourse by reference to the
GPT notion. This is unfortunate because a more explicit consideration of the GPT features of the targeted technologies would be
particularly useful both in their selection and in defining what the appropriate role of demand-side policies should be, so as to fully
reap their benefits. In particular, we propose that explicit consideration of the extent to which the targeted technologies share features
of GPTs, in addition to indicating the scope of the potential benefits from increased adoption, would suggest aspects of demand-side
policies that should be dealt with particular care.

In presence of GPTs, direct forms of support to final demand tend traditionally to run into two obstacles. The first is that it is
notoriously hard to assess to what extent these forms of support are needed. On one side, the existence of a large potential demand is a
defining characteristic of GPTs (Bresnahan & Yin, 2010). Whether we are facing a GPT or not is often assessed by reference to whether
the technology is widely used and rapidly diffuses in the economy. This conclusion, in turn, may play a role in influencing the selection
of technologies that should be the target of industrial policies, as GPTs surely qualify for that role for the reasons briefly explained
above. On the other side, a key economic feature of GPTs — the wide range of complementarities it involves — suggests that there may be
significant obstacles to adoption and strengthens the rationale for policies aimed at addressing lack of demand.

The second aspect that emerges clearly when considering the GPT nature of technologies is that promoting demand for specific
technologies entails the well-known risks of “picking winners” and of technological lock-in that, in the case of GPTs involving many
complementarities, are magnified. Part of the latter risk is linked to the existence of a dominant firm in the “common input”, which
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may have an interest in preventing the shift towards improved technologies (Bresnahan & Yin, 2010). The risk of lock-in suggests,
again, some caution in the adoption of direct forms of demand support as well as an important rationale for measures that may preserve
and increase technological openness to accompany technology-specific industrial policies, as the latter contribute to address any
residual risk of lock-in to the targeted technology.

Thus, on one side, we know that adoption of GPTs is key to achieve the traditional growth and competitiveness objective of in-
dustrial policies and, on the other side, the GPT notion suggests caution in adopting the traditional tools of direct support to demand
and generic technology diffusion that have recently attracted greater attention than in the past in Europe. The latter observation does
not, however, negate the need for increasing the space accorded to demand-side considerations in the context of industrial policy
highlighted above. Considering the mentioned uncertainty on the legitimate scope of demand-enhancing measures together with the
key features of GPTs, we propose that much greater attention than it is presently the case should be devoted to policies that focus on
enhancing complementary innovation that may entice demand indirectly, rather than or in addition to direct demand-enhancing
measures. In particular, along with standard policies to promote adoption, it is important to enact specific policies that, by promot-
ing co-invention, are able to stimulate the positive feedback loop between demand and supply that is a distinctive feature of GPTs.
Indeed, if the targeted technologies have the nature of GPTs, it is their potential impact on innovation opportunities that matters most
in terms of benefits from their diffusion in the economy. Demand-side innovation policies, i.e. policies that actively leverage on the
potential for novel collaborations in innovation may be needed to realize the full potential of these technologies.*

The main rationale for these policies is again linked to the complementarities typical of GPTs between the “common input” and its
applications, which entail clear positive externalities that may slow down innovation. Since investment in the common input raises the
returns from investment in applications and vice-versa, some form of coordination may be needed to avoid chicken-and-egg dynamics
hampering innovation — something that may be relevant for any GPT and, more generally, for any platform technology (Bauer &
Bohlin, 2021).

A traditional policy tool that may be leveraged to stimulate co-invention and sustain demand is given by creative forms of public
procurement — perhaps the approach that has been most fully explored in discussions of demand-side innovation policies. In this case
the value of certain innovations in meeting public policy objectives (e.g., environmentally sustainable solutions) may provide a
justification of public support to specific technologies that is independent from the existence of sufficient consumer and business
demand. Demand-side policies in the form of public procurement, together with other sorts of demand-side policies such as the
imposition of limits to demand and of technical requirements limiting imports of products and technologies that do not fulfil specific
requirements may also be important to the pursuit of both security and strategic autonomy objectives.

However, to ignite the positive feedback loops associated to the current GPTs or GPT-like technologies of our times, a much more
creative and articulated demand-oriented policy effort is needed, one that remedies to some traditional EU policy weaknesses. We
consider two aspects that, we believe, deserve particular attention. The first is the horizontal coordination and integration between
science and technology policies, as well as between the broader range of policies related to the key technologies targeted by industrial
policy.

Relative to previous technologies with GPT-like features, pervasive innovation related to current technologies like 5G and Al re-
quires the combination of a much broader set of knowledge resources, which includes both top-down scientific knowledge and bottom-
up creative ideas and production-level knowledge. The traditional wedge between science policy and firm-level applications that
remains a longstanding feature of EU industrial policies is, therefore, a particularly pernicious obstacle to realizing the benefits of
technology-specific industrial policies. Indeed, the magnitude of the impact of various forms of support to specific technologies is
bound to remain limited if the complementaries that derive from effectively combining top-down and bottom-up knowledge and
technological opportunities are not exploited. Effective innovation depends on the knowledge and innovative ideas dispersed across a
broad range of environments and business cultures, as well as across a much wider range of economic actors than in the past, and
particularly across the large number of EU SMEs.

This requires, on one side, that the level of digital skills of final and intermediate users of the key technologies is significantly
improved, so as to increase the likelihood that dispersed ideas for applications come into fruition. Thus, traditional horizontal policies
aiming at providing basic skills for innovation should be considered an important complement to technology-specific industrial
policies. These policies are key to improve SMEs’ innovative performance and their ability to reap the opportunities prospectively
opened up by key tecnologies, although it should be highlighted that the time horizon within which the effect of technology-specific
industrial policies and of these horizontal policies materialize may not coincide. Education policies typically require long time periods
to be designed, implemented and eventually create effects. However, this should be considered a reason for rapid action, as suggested
by many, and certainly not a reason for delaying implementation (see, for instance, Gruber, 2019). On the other side, over a shorter and
more immediate timeframe, it is necessary to develop more creative ways to ensure an effective integration between science and
technology policy. This is certainly complex, but should be considered a priority if the benefits from technology-specific policies are to
be fully realized.

Moreover, it is certainly useful to devote specific attention to the interlinkages between industrial policy and other EU policies
targeting specific technologies. While these policies may display important complementarities, their exploitation would certainly be
made easier by the existence of mechanisms of careful monitoring of the different policy measures related to a given technology.

4 We follow Edler’s (2016) definition of demand-side innovation policy as “all public action to induce innovation and/or speed up the diffusion of
innovation through.e increasing the demand for innovation (i.e. the willingness and ability to buy and use an innovation);e defining new functional
requirements for products and services; and/ore improving user involvement in innovation production (user-driven).”
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The second much needed improvement in the EU approach concerns the vertical coordination of policies across different gover-
nance levels. EU-level coordination is essential to ensure that the policy efforts targeting specific technologies achieve a sufficient
scale. This is important both for technology adoption in general and for providing investment incentives. Given the existence of de-
mand externalities, measures facilitating coordination are essential to help increasing the value of adopting any given technological
solution or reducing its cost for any potential adopter. In addition, to stimulate investment in the key selected technologies, a range of
policy actions meant to ensure the scale of operation required to reap the benefits from certain types of technology-specific investments
are needed. Examples of this type of policies are standardization activities and harmonization in the implementation of technology
diffusion policies. The traditional EU role of coordination, harmonization and promotion of market integration, which can be
considered a success of EU institutions, thus remains very important to reap the benefits of key technologies.

However, vertical coordination of policies needs to go beyond harmonization. Ketels and Porter (2021) have recently argued that
the pursuit of the growth/competitiveness objective requires an evolution of the EU policy model, from one focused on harmonization
and removing barriers to market integration, to one whereby the weight of localized policy interventions is much higher. They
emphasize that competitiveness is increasingly driven by microeconomic assets and capabilities, which can be leveraged only through
location-specific measures. This proposal, which echoes other commentaries stressing the role of local conditions, appears particularly
relevant in connection with the point made earlier that demand-side dynamics and innovation should be the object of much greater
attention. Research has demonstrated that “frontier firms”, i.e. the most productive firms in each two-digit industry, play a key role in
driving the positive impact on productivity of the diffusion of new technologies (Andrews et al., 2015). This suggests that technology
adoption is inextricably connected to the ability of regions and local territories to create appropriate conditions for the emergence and
growth of these firms by designing bottom-up policies that take into account local conditions. Also, the ability to unleash the inno-
vative potential of complementary innovation requires local policies that reach much more downstream the value chain. As
mentioned, it requires effective combination between very different knowledge bases, between bottom-up and top-down knowledge
and ultimately between science and technology. This is an area that calls for local policies able to influence production-level and
firm-level dynamics, so as to ensure that science-driven innovation translates into concrete implementation and, at the same time, that
innovative ideas developed at the firm level can become the seeds of fruitful collaborations.

In principle, the institutional distribution of policy competences at the vertical level is coherent with this need for localized policy
interventions. In the digitalization and technology diffusion domains, the EU competence is limited to supporting Member States’
policies and does not go as far as to define centralized solutions, thus leaving ample space for local tailoring of policy interventions. The
latter is, however, bound by the safeguards and constraints that have been put in place throughout the process of European integration
and liberalization in order to prevent that industrial policy measures generate undesirable distortions of competition. Moreover, if the
new technology-specific objectives of industrial policy are to be effectively pursued, a discrete and creative change in the governance
of vertical coordination between EU-level and national policies is certainly needed to steer the policy wheel in the desired direction
more effectively across the entire European territory. A major effort in this direction is underway in connection with the Digital Decade
initiative and the implementation of the Recovery and Resilience Facility, but specific attention to this dimension in the area of
innovation/industrial policy still appears to be scant.

Finally, let us consider another broad issue concerning the implementation of technology-specific industrial policies that seems
rather neglected in the current debate: the pursuit of the three main objectives of EU industrial policy above described often involves
trade-offs that should be acknowledged and openly discussed. Three of them appear to us particularly salient. The first, and crucial one
in our view, is between technological sovereignty/geopolitical interests and economic growth. Technology-specific industrial policies
represent a particularly fertile terrain for the recent unusual slant towards measures that may easily be colored by protectionist at-
titudes. These measures should not be considered innocuous from the perspective of the pursuit of the growth objective. This is for
many reasons, but particularly because international scientific collaboration plays an essential role in the development of the key
technologies that are meaningful targets for industrial policies. Neo-protectionist measures may easily disrupt this collaboration, with
uncertain effects on technological advancement and therefore growth.

A second important trade-off is a classic and well-known one, although it does not frequently feature in EU policy documents.
Policies aimed at the pursuit of “grand societal challenges”, especially in the realm of environmental protection, may well have a cost
in terms of foregone productivity. In other words, the selection of specific technological opportunities among the many available in the
pursuit of broader societal objectives may require some sacrifice in terms of growth. Being aware of this sort of trade-offs is important
to ensure commitment to specific future visions of European development.

Finally, a third trade-off is linked more specifically to the choice of adopting a technology-specific approach to industrial policy. By
promoting specific technologies, EU-level industrial policy is much more likely to favor specific geographical locations than with the
traditional horizontal policies that have for long been the dominant mode of intervention in Europe. Indeed, different areas of Europe
are characterized by different degrees of technological readiness and ability to grasp technological opportunities in specific key
technologies. Thus, to the extent the implemented policies are successful, growth patterns may become more divergent and issues of
territorial economic cohesion more prominent. Also from this perspective, a focus on demand-side innovation policies aiming at a
broader diffusion of innovation initiatives related to key technologies may be considered worthwhile. Indeed, while the supply side of
any given technology tends to be geographically concentrated, opportunities for innovation in services and applications from users of
the technology may be more evenly spread.

4. The rationale for an industrial policy targeting 5G- and 6G-related technologies

This section explores how public support to 5G and 6G relates to the three facets of EU industrial policy pinpointed in section 2. 5G,
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and more limitedly 6G, have attracted significant attention from European policy makers, mobilizing various forms of public support.”
The rationale for this articulated public policy effort is manyfold and indeed reflects the above described recently emerged view of EU
industrial policy.

A first justification for 5G-related public policies is linked to the traditional productivity/growth improvement objectives at the
heart of industrial policies. Even from the perspective of a minimalist or neoliberal approach to industrial policy, some form of public
intervention in support of rollout and development of 5G/6G may be justified based on the existence of market failures generating
unexploited welfare gains that society could obtain by investing. As for other types of infrastructures, a wide range of supply-side
externalities not captured by private operators — and particularly spillovers in terms of labour productivity, market dynamism and
employment — tend to systematically result in suppliers’ underinvestment in deployment. Similar externalities may also slow down
rollout from the demand side. As with any other (telecommunications) network, demand is influenced by direct and indirect network
effects, which may entail underinvestment in adoption due to coordination problems. Public investment as well as many other forms of
supply-side and demand-side policies have traditionally been implemented in situations of this kind (Belloc et al., 2012).

In the case of 5G, and particularly of 6G, this traditional justification has some limitations. There is currently no hard empirical
evidence on the size of the externalities associated to 5G and 6G and the available estimates are simulation-based (e.g. Accenture
Strategy, 2021). Moreover, the debate on public support to very high speed fixed networks has clarified that most of the externalities
associated to telecommunications networks materialize for relatively low speed connections, while the case for additional sizeable
investment in very high speed is much less justified on this basis, when demand is lacking, which is currently the case for 5G (Valletti,
2019). Finally, it has to be taken into account that 5G is both a complement and a substitute for other connectivity infrastructures
(Rossi, 2021). To the extent other technological solutions (e.g. wifi or fixed VHCN) perform better in certain situations, the rationale
for investments in 5G infrastructures should be based on a cost-benefit comparison among alternative options. Thus, the justification
for the current broad public support to 5G and 6G needs to go beyond the narrow infrastructure/market-failure rationale.

One aspect of 5G/6G that may provide such broader justification from the growth objective perspective is its potential nature of
General Purpose Technology (GPT). Although identification of a GPT is typically subject to lengthy academic debates, we share the
view that 5G/6G display many features of General Purpose Technologies (GPTs), akin to the steam engine and electricity (Knieps &
Bauer, 2021; Prieger, 2020). In particular, we believe that the three features that are key to the standard definition of GPT according to
Bresnahan and Trajtenberg (1995) appear to apply to the case of 5G/6G.

Relative to previous ICTs, 5G and 6G appear capable of being a driver of innovation in a much broader range of industries due to a
remarkable shift in network architecture that makes 5G/6G as a common input particularly flexible and capable of adaptation to
heterogeneous use cases. Differently from previous generations of mobile connectivity, in 5G networks, services are virtualized and can
be provided independently from the underlying physical network, so that they may cater to different uses and may be combined on-
demand and in real time, to satisfy specific needs on-the-fly. Thus, the key defining aspect of 5G is the possibility it opens up for
creative recombination of assets and business models, and therefore for further innovation, through its flexibility and adaptability. 6G
promises to further enhance these features.

This sets somewhat apart 5G/6G as a GPT from “first wave ICTs”, whose effects have been, all in all, relatively limited in terms of
downstream innovation (Bogers et al., 2018). 5G may become the connectivity tissue that enables the development of innovations
along a range of very different digitized value chains and in a plurality of industries such as automotive, manufacturing, healthcare and
media (often referred to as “verticals”). As mentioned, it improves in terms of performance with respect to previous connectivity
solutions by reducing network latency and by increasing capacity and network efficiency (Qualcomm Technologies, 2019). In addition
to enabling significant improvements in the performance of standard mobile communications, the extremely high speed, ultra-low
latency and massive capacity brought about by 5G and 6G may enable a wide range of new applications, including virtual reality
(VR), augmented reality (AR), full industrial automation with real-time data synchronization, fully autonomous vehicles and robotic
surgery.

The potential GPT nature of 5G/6G thus provides a major growth-related justification for public support, in spite of uncertainties on
the authentic nature of 5G/6G as a GPT and on the true size of the impact of this technology on growth. If looked at through the specific
lenses of industrial policy, the 5G/6G GPT has some notable characteristics that make it particularly salient. 5G and 6G may open up
additional growth opportunities in the manufacturing sector — the traditional target of industrial policy — but also specifically in the
areas that have been most lagging behind in all Western economies in terms of productivity (transport, health, services) and where the
potential gains from productivity improvements are most sizeable. Second, these opportunities arise for both large and small firms
alike, and may thus offer a chance of growth for SMEs (European Investment Bank, 2021). Third, 5G/6G is expected to increase
substantially competition in the mobile value chain, especially if coupled with standardization initiatives such as Open RAN (O-RAN),
which hold the potential to significantly strengthen upstream competition (on which more below). This is important in light of the
observation that the effects of industrial policy in terms of growth and welfare tend to be greater, the greater the degree of market
competition. This conclusion has been empirically confirmed by Aghion et al. (2015), who show that the effects of State Aid directed at
specific sectors is more positive in terms of total factor productivity (TFP), TFP growth and product innovation, the more competitive
the recipient sector.

S While the set of policies adopted to promote 5G, as better explained in the next section, is broad and well-funded, 6G has so far been the object of
more limited policy attention. The main EU-level project so far completed is the 6G Hera-X Horizon 2020 research project, led by Nokia and oriented
at shaping the 6G standard. €250 million have been earmarked for further research in this area. At the Member State level, according to the 5G
Observatory, only Spain, France and Germany have launched specific 6G projects (5G observatory Report, 2023, p.6).
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Besides its growth and productivity enhancing role, 5G and 6G may also contribute to addressing “grand societal challenges” —
chiefly climate change — the second objective of current EU industrial policy. Application of 5G connectivity solutions in at least four
environments (smart cities, rural areas, smart homes and smart workplaces) has been identified as capable of bringing a range of
environmental benefits: reduced CO, emissions, lower pollution, improved natural resource management, reduced waste and better
waste management (World Economic Forum, 2020). More generally, the innovation wave that could potentially be activated by 5G
and 6G may help find novel solutions to environmental problems.

Finally, it is widely acknowledged that support to 5G and 6G may also be key to the strategic autonomy/technological sovereignty
objectives now ever more embedded in EU industrial policy. At least three considerations are relevant in this connection. The first is
that the existence of public support for 5G and 6G in other areas of the world is an element that cannot be ignored in the policy calculus.
While the view of technological leadership as a zero-sum game in which what matters most is the relative positioning in some sort of
ranking is not necessarily the best way to evaluate policies aimed at enhancing social welfare, the value of public support to 5G and 6G
technologies is certainly higher in a context in which it may be needed not only to stay abreast of competition but also to participate to
international innovation efforts. In China, industrial policies, especially in the form of public procurement, but also more generally of
other forms of public investment, have been decisive in guaranteeing the scale needed to justify innovation investments (Brake, 2020).

The second consideration that links 5G and 6G to the aims embedded in the concept of technological sovereignty has to do with the
fact that 5G (and prospectively 6G) is among the few technological areas where the degree of economic dependency of the EU on
foreign countries is limited, and actually the reverse dependency holds at least in part in relation to the US, who significantly rely on
Nokia’s and Erickson’s productions. Thus, providing support to 5G and 6G amounts to strengthen European productive and innovation
capacity in a technological domain where the EU already possesses some comparative advantage.

Lastly, 5G and 6G are also evidently connected to issues of security essential to defend national autonomy. Industrial policy
measures may thus be justified, from this perspective, on the basis of the need to select technological solutions that preserve national
integrity as well as the safe use of telecommunications infrastructures and applications by EU citizens.

5. 5G/6G policy as a technology-specific industrial policy

The previous section has reviewed, through the lenses of the current threefold objectives of EU industrial policy, the rationale for
public support to 5G and 6G technologies. This section will consider the novelty of 5G/6G policies as an instance of “technology-
specific industrial policy”, in light of the conceptual considerations on this type of policies proposed in section 3.

One aspect of this sort of policies on which we have drawn attention is that focusing on specific technologies may facilitate the
adoption of a whole value chain approach that takes into account the linkages among different levels of the value chain impacted by a
given technology. This is indeed a feature of the approach adopted for 5G: policy measures have been adopted at every level of the
value chain, from upstream innovation through the Horizon 2020 program, to standardization through a range of initiatives on IP
protection, standard-essential patents (SEPs) and support to 3GPP, to more downstream areas of implementation and innovation, with
the adoption of measures such as the Connecting Europe Facility, the 5G PPP and the promotion of the automotive, naval, and industry
4.0 industrial clusters (Blind and Niebel, 2022). For 6G, which is a much less mature technology, the need to adopt a whole value chain
approach is explicitly indicated in the main research initiative so far sponsored through Horizon 2020 funds: the Hera-X project led by
Nokia.

Of even greater importance in light of the considerations expressed in section 3 is the fact that a technology-specific approach to
industrial policy may orient policies towards explicit consideration of adoption patterns and thus increase the overall attention to-
wards the demand side. This feature of technology-specific policies, which we believe is most promising, has however only very
limitedly been addressed by concrete policy measures in the realm of 5G and 6G. 5G policies have so far been mostly focused on the
actions needed to stimulate rollout and on upstream research. The latter are clear preconditions for any 5G-related innovation, but we
believe should be coupled early on with initiatives targeting demand-side innovation.

The main forms of EU-level programs targeting 5G can be considered: the 2014 Connecting Europe Facility (CEF) Digital, focused
on cross-border connectivity investments and split off in 2021 to form the Digital Europe Programme; the 2016 5G Action Plan, aimed
primarily at coordinating the removal of obstacles to 5G deployment throughout the EU territory, especially by making available
spectrum resources; the 2018 5G Public-Private Partnership (5G PPP), a joint initiative between the European Commission and the
European ICT industry (including ICT manufacturers, telecommunications operators, service providers, SMEs and Research In-
stitutions); the 2021 Digital Decade Programme, with the broad remit to increase digital skills across the European population and
therefore the ability to interact with new technologies; and the recently established European Smart Networks and Services Joint
Undertaking (SNS JU). These programs share many features that can be considered desirable in light of the discussion of section 3.

First, cooperation between public and private players has been a distinctive governance choice from the start. The 5G PPP has
always rightly emphasized inter-firm and public-private collaboration, and the SNS JU continues to pursue this approach. Second,
most of these initiatives leverage on EU-level coordination to achieve scale, which no Member State could achieve alone. For instance,
CEF Digital has already secured three rounds of funding for pan-European 5G infrastructure for Connected and Automated Mobility
(CAM) cross-border initiatives, with a total budget of around 1€ billion over the period 2022-2027. Policies targeting 5G corridors also
highlight desirable degrees of horizontal coordination across different policy areas. They have been identified as one of the multi-
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country projects (MCPs) of the Digital Decade Strategy, on which to orient strategic investments of the Recovery and Resilience Fa-
cility, and are also supported through Horizon 2020. More generally, interlinkages with other EU policies driven by 5G based smart
networks and sustainability goals tend to be explicitly acknowledged. For instance, the role of 5G is highlighted in the recent proposals
regarding a smart and sustainable European Trans-European Transport Network (TEN-T),° the Trans-European Networks for Energy,
the new Urban Mobility Framework, the evolution of 5G high speed European railroad systems together with the complementary role
of sustainable multimodal local mobility services. Also, acknowledgment of the role of demand-side measures underlines the main
policy tool so far devised to address cybersecurity and geopolitical interests, i.e. the Network and Information Systems (NIS) Coop-
eration Group’s 2020 “Toolbox of risk-mitigating measures”, accompanied by the EU Agency for Cybersecurity (ENISA)’s imple-
menting guidelines (Milenkovic & Dekker, 2020, 2021). These documents aim at stirring both public and private demand in a direction
coherent with public policy objectives, although the latest NIS report highlights a very heterogeneous response from Member States
NIS Cooperation Group (2020). An important step towards greater freedom of maneuver at Member State level has also been the
revision of the Guidelines on State aid for broadband networks, published in the Official Journal in January 2023 (European Com-
mission, 2023). Among other things, the revision has extended the framework for the assessment of aid to the deployment of mobile
networks (including 5G) and take-up measures, thus removing a latent obstacle to the deployment of public funds for 5G by Member
States. Finally, it is worth highlighting that the very choice to support a EU-level 5G Observatory, active from 2018 and focused on
tracking developments not only in rollout and public policies, but also more recently adoption, after the adoption of the Digital Decade
initiative, should be regarded as an appreciable positive development.

What is still largely missing, however, are policies targeting in an effective way the link between upstream research and down-
stream applications. The scale of PPP initiatives is relatively limited and experimental, and therefore unable to sustain the broad
coordination effort that would allow to fully exploit the innovation opportunities opened up by 5G and 6G. In particular, there is a need
to involve in this sort of partnerships a broader set of firms, and especially small firms, from which many ideas for innovative ap-
plications may come. While a focus on projects involving a limited number of large firms entails lower coordination costs and is
understandable in the early phases of take-up of the technology, a broader innovation effort in the development of use cases that may
stimulate demand is particularly important for 5G and obviously to an even greater extent for 6G. Indeed, consumer demand is not
currently strong even for 5G, while business demand depends on the emergence of killer applications that do not appear to have
materialized yet (Massaro & Kim, 2022, p. 2022).

According to the 5G Observatory (5G Observatory, 2023), development of specific verticals and exploration of use cases has been
undertaken mostly in the context of ports and, more limitedly, in the automotive sector. Other verticals where a much broader range of
firms may develop innovative use cases such as for instance entertainment, smart cities, and smart agriculture are not reported to
display meaningful developments. Within 5G-PPP, it is the private side of the Partnership that demonstrates the greatest attention
towards a broad range of verticals (automotive, manufacturing, media, energy, eHealth, and smart cities) through the Vertical
Engagement Task Force (VTF). A more active involvement of the public sphere in this domain would certainly be desirable. Also, it
should be noted that there is no specific entrepreurship policy targeting 5G (Blind and Niebel, 2022).

Turning now to the risk of technological lock-in, which is a second demand-side aspect in principle worthy of specific attention, it is
clear that it may be concretely relevant to 5G/6G. Indeed, one feature of these technologies which does not fit easily with the GPT
definition is the fact that they do have some substitutes, at least for a subset of their applications. In some instances, other technologies
such as Wi-Fi indoors or for automated driving and Long Range Wide Area Network (LoRaWAN) for precision farming may provide
similar connectivity features to 5G (Bieser et al., 2023). Thus, policies targeting specifically 5G and 6G may run the typical risk of
“picking winners” and, given the considerable costs of rollout and adoption, may result in lock-in phenomena: once chosen,
5G/6G-based technological solutions may be difficult to abandon even if better technological solutions become available. This is not an
immediate concern for the current policy initiatives, which have a relatively narrow focus, but is bound to become more relevant if the
scope of 5G/6G-targeted policies is significantly expanded. Moreover, as recalled above, the risk of lock-in is understood to be highest
when there is a dominant firm in the “common input”, who may have an interest in preventing the shift towards improved technologies
(Bresnahan & Yin, 2010). In the case of 5G and 6G this risk is mostly addressed by the fact that the “common input” is the outcome of a
collective effort at standardization, rather than the product of the innovative effort of a single firm. More precisely, 5G has so far been
the most global of the mobile standards. Development of the standard has taken place under the coordination of a single body (3GPP),
orchestrating efforts of a diverse set of market players from different layers of the value chain and disparate geographical locations.
Thus, these features make technological lock-in less likely.

Measures that preserve and increase technological openness may nonetheless contribute to address any residual risk of lock-in to
the targeted technology. This, in turn, may play an important role in safeguarding and therefore incentivizing downstream in-
vestments. In the case of 5G/6G, initiatives in this direction have spontaneously materialized in the market, particularly in the form of
the emergence of the Open-RAN (O-RAN) Alliance, an industry initiative seeking to open up and standardize the fronthaul interface.”
Opening interfaces at the level of the Radio Access Network promises to substantially increase competition at different levels of the
mobile value chain, reducing the extent of potential lock-in to any single vendor. Bourreau and Lemstra (2022) identify impacts on
entry and the intensity of competition in the upstream market for equipment components, on downstream competition among mobile

6 According to the latest 5G Observatory Report of April 2023, “at least eight Member States refer to the European deployment of 5G corridors
along TEN-T networks in the interest of Single Market and cohesion in their recovery plans”.

7 As explained, for instance, by Bourreau and Lemstra (2022), the fronthaul interface is the interface between the Radio Unit and the Distributed
Unit.
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telco operators, on investments and on the nature and rate of overall mobile innovation. The effects of Open RAN they highlight map
nicely to most of the objectives of current European industrial policy. In particular, the shift from a closed system whereby upstream
equipment manufacturers provide end-to-end solutions to mobile operators to an open system whereby different components can be
sourced from a diversified supplier ecosystem with multiple heterogeneous vendors may help to boost the growth impact of policies
targeting 5G/6G for at least two reasons. The first is that the evolution towards openness eases upstream entry and, as mentioned
above, the effects of industrial policy are more positive, in terms of growth and welfare, when the intensity of competition is higher.
The second reason is that an open market system may be an environment more conducive to the sort of tailored innovation necessary to
ignite the positive feedback loops associated to the 5G/6G GPT than a closed market system. Indeed, it allows for greater experi-
mentation, specialization in innovation by new entrants as well as for greater flexibility in the management of the network by mobile
operators, who may find it easier to provide innovative solutions to the so-called “verticals” if they can more easily combine com-
ponents from multiple sources. Moreover, the increased upstream entry likely to be associated to Open RAN is important also to reduce
technological dependency on a limited number of providers and to enhance the overall resilience of the system.

To date, policy initiatives related to Open RAN have been very limited. NIS published a specific report on open RAN architecture in
May 2022, which warned about the additional security risks of an open architecture and highlighted some benefits (NIS Cooperation
Group, 2022). EU-level funding to Open RAN initiatives has been marginal and concrete funding beyond Horizon R&D programs have
been undertaken by a handful of national states only, such as Germany and the UK (Bourreau & Lemstra, 2022, p. 25).

The current cautious attitude towards Open RAN likely depends on the fact that open standard interfaces, while contributing to
avoid technological lock-in and improve market competitiveness, may also end up being at odds with other current objectives of EU
industrial policy. More specifically, open standardized interfaces at the fronthaul level may not be coherent with the pursuit of the
technological sovereignty objective. Indeed, by enabling easier entry at the upstream equipment supplier level, Open RAN may benefit
downstream users of 5G technologies through increased choice and flexibility. This, however, comes at the potential cost of favoring
non-EU firms, as it cannot be taken for granted that it will be European firms to be the most efficient providers of all of the dis-
aggregated components. Thus, this is a prime example of occurrence of the key trade-off we have recalled above, that between the
innovation/growth objective of EU industrial policy and the increasingly strategic dimension of the latter.

Another example of this trade-off is more broadly evident in the area of standardization, where the technological sovereignty
objective has recently become much more prominent than in the past. The European Commission’s European Strategy on Standard-
ization, published in February 2022, outlined changes that, presented as mere amendments to the governance of one of the three key
European standards bodies — the European Telecommunications Standards Institute (ETSI) — actually amount to a radical revision of
the conventional approach to standardization based on wide international cooperation (European Commission, 2022). The amend-
ments concern the voting rights of non-European experts (from U.S. and other foreign firms) within ETSI and, more generally, the rules
disciplining their involvement in ETSI's decision-making process. Other changes, close in spirit to the mentioned ETSI's governance
amendments, have also been introduced in other areas of standardization (for an overview, see Cory, 2022).

The rationale for these changes is cast in terms of the need to defend European values (and, slightly less openly, European strategic
interests) in key areas of standardization (e.g., 5G, Wi-Fi, artificial intelligence) where there may be strong divergences in approach
especially with respect to China. However, pursuing technological sovereignty in an environment typically characterized by large scale
international cooperation leading to the selection of best solutions, independently of where they come from, may induce fragmentation
of the standardization efforts, jeopardizing the associated benefits. Defending European strategic interests by reserving decision-
making to firms headquartered in the EU may be expected to discourage participation in EU standardization initiatives by the
broader global community of experts and certainly reduces the likelihood that standards developed within ETSI and more broadly in
the European context are adopted in other areas of the world. Since standards are key to overall 5G/6G innovation and are very
important drivers of technology adoption, shortcoming in the standardization process may easily translate into slower growth.

In both the case of Open RAN and of standardization more generally, EU policy making would benefit from a more accurate and
explicit evaluation of the costs involved by the pursuit of the current geopolitical objectives, whose conflicts with other EU-level
objectives are less clearly pinpointed than they should be. Standardization is an area where the benefits from coordination beyond
the Member State level are most apparent. The potential costs of prioritizing geopolitical objectives are also correspondingly very
tangible, yet so far scarcely acknowledged. Foregoing the benefits in terms of mitigation of lock-in from Open RAN and from unre-
stricted access to the global pool of expertise in standards more generally should be a more careful choice than it is presently the case.
The rigorous evaluation here advocated would allow to adopt a less ambiguous stance and, in the case of Open RAN, to more
objectively consider the merits of additional European funding and of other forms of support that leverage on the scale of EU-level
intervention.

6. Conclusion

In this paper, we have considered 5G and 6G technologies from the perspective of the novel approach to EU industrial policy that
has emerged in the past few years, which marks a significant departure from the past both in terms of the articulation of its objectives
and in terms of the shape interventions take. Policies targeting 5G and 6G fit very well the new set of policy goals of EU industrial policy
and represent an instance of a (relatively) new and under researched line of action that we have described as “technology-specific”
industrial policy, particularly opportune when the selected technologies have GPT-like features, which we deem to be the case for 5G/
6G.

Technology-specific industrial policies may in principle help to redress the historic skewedness of European industrial policy to-
wards the supply-side, as they naturally call for increased attention towards adoption patterns. This is key to the achievement of the
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goals pursued through the renewed EU interest in industrial policy because technology adoption in general is a weakness of European
economies and because adoption specifically of 5G and 6G technologies is essential to ensure that the benefits from complementary
innovation associated to the GPT nature of 5G and 6G do effectively materialize. Stimulating demand, however, raises some challenges
and trade-offs. We have proposed that, rather than on stimulating final demand, emphasis should be placed on demand-side innovation
policies that may entice demand and are able to stimulate the positive feedback loop between demand and supply that is typical of
GPTs. This is still largely missing in the current EU policy framework designed to target 5G and 6G, which has some important
desirable features, but appears to have still a narrow focus on a subset of the “verticals” that could be impacted by the new advanced
connectivity solutions and has not so far identified effective ways of bridging the gap between upstream fundamental innovation and
the sparse application ideas that may be leveraged from production-level and firm-level dynamics. Further research is surely needed to
identify the concrete tools and governance innovations that would be able to address this clear shortcoming of EU innovation/in-
dustrial policies, which is made more salient by the nature of the key technologies that have rightly caught EU policy-makers’
attention.

Data availability
No data was used for the research described in the article.
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