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The commercial launch of 6G communications systems 
and the United Nations’ Sustainable Development Goals 
(UN SDGs) are both targeted for 2030. 6G communica-
tions are expected to boost global growth and produc-
tivity, create new business models and transform many 
aspects of society. The UN SDGs are a way of framing 
opportunities and challenges of a desirable future world 
and cover topics as broad as ending poverty, build-
ing gender equality, the fight against climate change 
and developing smart cities. The relationship between 
these potentially mutually reinforcing forces is current-
ly under-defined. Building on the vision for 6G, and a 
review of megatrends, ongoing studies on the relation 
of mobile communications to the UN SDGs and exist-
ing indicators, a novel linkage between 6G and the UN 
SDGs is proposed. This linkage is via a set of indicators. 
This white paper also initiates work on a new set of 6G 
related indicators to guide research on 6G systems. The 
novel linkage is built on the envisaged three-fold role of 
6G as 1) a provider of services to help steer and support 
communities and countries towards reaching the UN 
SDGs, 2) a measuring tool for data collection to help the 
reporting of indicators with hyperlocal granularity, and 3) 
a reinforcer of new ecosystems based on 6G technology 
enablers and 6G networks of networks to be developed 
in line with the UN SDGs which incorporates future mo-
bile communication technologies which will be available 
in 2030. Related challenges are also identified. An action 
plan is presented along with prioritized focus areas with-
in the mobile communication sector technology and in-
dustry evolution to best support the achievement of the 
UN SDGs. 

Executive summary
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The United Nation’s Sustainable Development Goals (UN 
SDGs) were introduced in 2015. There are 17 goals in-
cluded in the Agenda 2030. The agenda itself together 
with the related targets and indicators form an action 
plan for achieving the goals. The goals are framed to ad-
dress global challenges including climate change, pov-
erty and inequality [UN 2015]. The UN SDGs also provide 
a high-level guide as to how governments and compa-
nies should plan their future strategies when striving for 
sustainable ways to live, produce and consume.

This 6G white paper looks at how 6G research and de-
velopment are connected to the UN SDGs. In the Vi-
sion-chapter, the operational environment of 6G is de-
fined. The starting point is that 6G will open a new era 
of ‘Internet of Intelligence’ with connected people, things 
and intelligence. The UN SDGs are a response to global 
megatrends which will also affect 6G research and de-
velopment. In the Megatrends-chapter, the trends con-
cerning the sustainable development of 6G are identified 
and the effects of these trends are examined. The fourth 
chapter begins with an outline of prior work which has 
mapped the linkage between the UN SDGs and ICT or 
more specifically mobile communications industries. The 
chapter presents a renewed linkage between 6G and 
the UN SDGs, as well as identifying relevant indicators. 
Chapter five identifies technical, regulatory and busi-
ness-related challenges and obstacles. An action plan is 
presented to guide the development of 6G and support 
the linkage between 6G and UN SDGs. Finally, conclud-
ing remarks present a set of research questions.

In the first 6G white paper from 2019, all the UN SDGs 
were identified as important targets for future 6G net-
works [Latva-aho & Leppänen 2019, p. 5]. The white 
paper also defined societal and business drivers for 6G 
using a PESTLE analysis framework (examining political, 
economic, social, technological, legal and environmental 
factors). In the current white paper, the connection be-

tween 6G and UN SDGs is further elaborated by inves-
tigating the existing linkages between the mobile com-
munications and UN SDGs. 6G brings new opportunities 
help tackle global challenges, but at the same time all 
stakeholders should take into account the ethical prem-
ises of the UN SDGs.

According to the UN Global Sustainable Development 
Report 2019 [UN 2019b, pp. xxiii-xxxii], a number of 
cross-cutting factors, which are relevant to all SDGs, are 
critical to successfully achieving the “Agenda 2030”:

• Obstacles to human well-being and capabilities
• Sustainable and just economies 
• Food systems and nutrition patterns
• Energy decarbonization with universal access
• Urban and peri-urban development
• Global environmental commons

The rationale for highlighting these critical success 
factors (or “entry points”) is that progress on all the UN 
SDGs “will only be achieved if important trade-offs are 
addressed and transformed” [UN 2019b, p. 27]. The six 
critical cross-cutting factors should be considered when 
addressing any of the goals, because it is argued that the 
goals can only be achieved by adopting a comprehensive 
approach (See Fig. 1-1). It is important to keep in mind 
that the advancement of one goal may advance other 
goals but may also have adverse effects on others. When 
considering 6G and mobile communications technology 
and its development, it is important to keep in mind that 
the developed technology itself should be sustainable 
and used in a sustainable way. The mobile communica-
tions community must pay attention to matters such as 
overall energy consumption, use of non-toxic materials, 
environmentally friendly network equipment such as 
base stations (including locating them where they do 
not adversely impact the environment), and sustainable 
supply chains. While not all adverse interactions be-

Introduction 1
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tween goals can be avoided, the trade-offs that are made 
should be openly addressed and mitigated. This is where 
the entry points offer useful tools so that adverse inter-
actions between the goals are minimized. Besides tech-
nology, 6G has a clear potential to directly contribute to 
the UN SDGs by addressing digital inclusion and societal 
empowerment. For example, placing the network equip-
ment in a remote area may advance the quality of life and 
work opportunities in peri-urban or remote locations, but 
have negative effects on the surrounding wildlife. The en-
try points offer a more a holistic approach to avoid such 
adverse interactions between the goals and have proved 

to be useful when examining how 6G can help achieve 
the UN SDGs (see Chapter 4).

The so called “levers” of: governance; economy and fi-
nance; individual and collective action; and science and 
technology; are highlighted in the Global Sustainable 
Development Report [UN 2019b, p. 29-36]. These levers 
impact the UN SDGs through these recognized entry 
points. The Science and Technology lever, which is a piv-
otal lever from the perspective of 6G development, can 
bring about transformations in the entry points. Disrup-
tive technologies can help overcome critical gaps in the 

Figure 1-1. The UN SDGs and six cross-cutting factors (“entry-points”) mentioned in the UN Global Sustainable 
Development Report 2019 [UN 2019b]. The entry points are thus factors which concern all the SDGs.
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delivery of cross-cutting initiatives that stem from the 
synergies of the UN SDGs.

The mobile communication sector plays an important 
role in societies around the world, and its linkage to the 
UN SDGs is many-fold. Mobile communications can 
significantly contribute to the achievement of the SDGs 
by offering infrastructure and access to digital services 
that will result in growth, efficiency and sustainability 
[ITU; GSMA 2018]. This is particularly true for econo-
mies where existing services are limited or the existing 
service infrastructure is poor. Digitalization of services 
delivered through mobile communications networks 
has shown real benefits in developing economies, in 
particular driving the uptake of micro-banking and mi-
cro-finance, micro energy grids and market creation 
[McKinsey, 2016]. The advancement of technologies 
for 6G may contribute further to the aim of reducing 
environmental impacts through the 6G vision of reduc-
ing the energy consumption of operating the networks 
including the use of zero energy devices with impacts 
across many industries and sectors.

The core principle of the Agenda 2030 is to “leave no 
one behind”, and mobile technologies form the core of 
connectivity and Internet access [UN 2019a, p. 23]. The 
approach to achieving the goals will be different around 
the globe because societies themselves are very differ-
ent, although 6G has the potential to be a global enabler. 
Universal access to information is now recognized as a 
crucial factor when addressing ways to achieve the UN 
SDGs. The role of mobile communications in digital em-
powerment was very powerfully articulated by the UN 
General Secretary António Guterres when he inaugu-
rated the High-Level Panel on Digital Cooperation . The 
Panel’s report, presented in June 2019, addressed a set 
of recommendations regarding aspects such as afford-
able access to digital networks , as well as digital and 
financial inclusion.

The UN SDGs also require consideration of external 
costs and bringing together a wide range of stakehold-
ers to work towards common goals. As of today, there are 
still major technological bottlenecks and constraints to 
achieving the UN SDGs’ targets including: opening up, 
democratizing and improving data; breaking down in-
formation silos; shifting the existing paradigm of policy 
making (which is largely based on intuition) towards an 
evidence driven approach enabled by big data; lever-
aging the advanced tooling and prediction capability 

of machine learning and artificial intelligence (AI) while 
assuring privacy, trust and security of users [European 
Commission, COM 2020, 65; EBA report 2020].

This white paper aims to establish a linkage between 6G 
and the UN SDGs. In doing so, the scope of considered 
is not restricted to cellular mobile communication net-
works but the impact of communications networks more 
widely. The vision for 6G holds special promise as it in-
cludes the powerful concept of the network acting as a 
service platform with sensing, creating a new paradigm 
of information collection and sharing. Access to afford-
able, high-quality, broadband Internet is a fundamental, 
common factor for achieving the Agenda 2030 goals.

1 High-Level Panel on Digital Cooperation, https://www.un.org/en/digital-cooperation-panel/.

2 Notably, recommendation 1A: “We recommend that by 2030, every adult should have affordable access to digital 
networks, as well as digitally-enabled financial and health services, as a means to make a substantial contribution to 
achieving the SDGs…” and recommendation 1B: “We recommend that a broad, multi-stakeholder alliance, involving 
the UN, create a platform for sharing digital public goods...”.

https://www.un.org/en/digital-cooperation-panel/
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Our vision of 6G accentuates development that will pro-
vide much more than just innovative use-case-driven 
mobile communication solutions but will rather serve 
higher societal ambitions. Foremost amongst these are 
the UN SDGs. We foresee that our future society will be 
increasingly digitized, hyper-connected and globally da-
ta-driven as outlined in [Latva-aho & Leppänen 2019]. 
Utilizing these opportunities, our vision allows for 6G to 
contribute to accomplishments such as helping people, 
society and the economy adapt to the digital age—em-
phasizing connecting the unconnected—strength-
ening the economy in a way that works for people and 
enhances people’s well-being, and supports our planet 
through “Green Deals” and extreme energy efficiency. 
Policy frameworks and regulations have to be aligned, 
work hand in hand and have to reach up to the task level 
required to create the 6G future. Our societal ambitions 

are huge, including “societal readiness” on all levels for a 
digital future. This incorporates help for disaster relief for 
pandemics and similar threats to be minimized through 
contributions from 6G development.

Fig. 2-1 illustrates the relationship between the UN SDGs 
and our 6G vision. 6G aims at ubiquitously providing sev-
eral capabilities or services, as shown on the left side of 
Fig. 2-1. The 6G vision elements here include connectiv-
ity, processing, actuating, sensing, data and intelligence 
everywhere. Regarding deployments, 6G will cover a 
wide range of setups from global to hyperlocal. Global 
and regional deployments are expected like in tradition-
al cellular systems allowing roaming and economies of 
scale for equipment. While wide area coverage contin-
ues using mainly lower carrier frequencies, 6G will bring 
local specialization through local network deployments 

Our 6G vision 2

Figure 2-1. Relationship between the UN SDGs and the elements of 6G vision.

© 6G Flagship
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and introduces hyperlocal specialization with very high 
level of granularity especially exploiting higher carrier 
frequencies. All these will be essential building blocks to 
support the UN SDGs across administrative boundaries. 
However, in our 6G Vision some building blocks exist al-
ready or are part of the 5G evolutionary journey to 2030. 
Possible examples of these aspects include context 
awareness and situational reasoning. It should be noted 
that all the focus areas embrace not only technical char-
acteristics, but their potential should be understood in 
the wider context of transformational services, new eco-
systems and value chains.

Fig. 2-2 summarizes the aforementioned connections 
between 6G and the UN SDGs. By supporting the UN 
SDGs, 6G aims to take a leading role by a) empowering 
the people by providing services and solutions to individ-
uals and society, b) sensing the environment by carrying 
out extensive hyper-local measurements associated with 
essential indicators and c) strengthening the world by 
reinforcing the ecosystem according to the SDGs. These 
three roles of 6G are further elaborated in Chapter 4.

Exemplified by the current COVID-19 pandemic, prior-
itizing use cases that have the greatest potential to im-
prove the lives of people around the globe could lead to 
rapid solutions if different stakeholders are prepared to 

Figure 2-2. Three pillars linking 6G with the UN SDGs.

work in unison. During the 2020 pandemic, we have seen 
automotive companies developing emergency ventila-
tors for critically ill patients in intensive care. Converse-
ly, the inability to collaborate could lead to chaos, which 
also seems to be present to some degree during the 
current crisis. The choices people make in their everyday 
lives—whether common citizens, politicians or CEOs of 
global companies—do matter. We as humans often for-
get that open collaboration is essential, even though we 
may disagree on certain views. Therefore, we include in 
our vision that 6G development should facilitate open 
collaboration and open standardization between differ-
ent stakeholders in a multi-disciplinary manner, ultimate-
ly to create true partnerships for the benefits of all.

The way in which data is collected, processed, transmit-
ted and consumed within the wireless networks will be 
a key driver for 6G as highlighted in [Latva-aho & Lep-
pänen 2019]. Exploiting this data, ensuring privacy at 
the highest standard, we envision 6G will open a new 
era of an ‘Internet of Intelligence’ with connected peo-
ple, connected things, and connected intelligence. AI 
will become a native feature of 6G. AI reasoning and in-
ferring capabilities will be embedded everywhere in 6G 
networks to drastically enhance the network capability, 
and the communication architecture will be revisited to 
facilitate the collection and spread of intelligence.

© 6G Flagship
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Many widely anticipated future services would be criti-
cally dependent on instant, virtually unlimited wireless 
connectivity. Resources, specifically through the utiliza-
tion of higher and broader spectrum and larger arrays of 
antennas will continue to be exploited. 6G will provide 
a framework of services, including communication ser-
vices where all user-specific computation and intelli-
gence may move to the edge cloud. Natively integrating 
sensing with communication using specialized virtual-
ization techniques will bring another leap in the network 
capabilities. Capacity, latency reduction, and positioning 
accuracy will improve, providing truly immersive aural, 
visual, haptic and sensory communication experiences. 
The support of energy harvesting mobile devices involv-
ing charging via radio waves or laser beams and by utiliz-
ing energy from solar cells or body movements will also 
play a major role.

To ensure coverage including all remaining unconnect-
ed areas in the world, 6G relies on seamlessly integrat-
ing non-terrestrial networks such as UAVs (unmanned 
aerial vehicles), drones, and very low orbiting satellites 
into cellular communication systems. New hardware, 
new devices, and new user interfaces will come into 
play, exploiting all possible types of renewable energy, 
and transforming the way human beings interact with 
the digital world.

While pushing many technological boundaries on the 
journey to 6G, the UN SDGs are an important lens to help 
prioritize development. Technology standards which 
support those use cases that hold the highest promise 
for improving human lives and protecting the environ-
ment need to be advanced first. This journey will need to 

consider mechanisms to help policymakers around the 
globe to advance the UN SDGs by positively influencing 
the behavior of people. The 6G ecosystem will provide 
solutions that empower individuals and communities to 
adopt self-correcting processes and steer actions to-
wards long-term sustainability. 6G will also provide the 
means for sufficient data collection—with strict privacy 
protection rules and in line with values of civil society, 
corporate accountability and government transparen-
cy—to enable the monitoring of SDG indicators that are 
or will become relevant in the near future.

Fig. 2-3 depicts the three high-level aspects in the 6G 
vision, namely: a) people/society, b) machines and 
things and c) resources. These are in line with the 6G 
goal everyone connected, anything connected, and any 
resource, respectively. Resources refer to assets that 
can be exploited either directly or in a shared fashion. 
These resources can be tangible or intangible. Tangible 
resources include concrete physical assets, whereas in-
tangible resources concern immaterial resources such 
as knowledge and energy. 6G will connect these aspects 
using both local and wide wireless networks to create a 
hyperconnected world bringing communities ever closer 
to a globally connected world. 

Since the world is not homogeneous, any development 
to achieve the 6G vision must support an open architec-
ture, crowd sourcing, and enablement of a third-party 
application and service ecosystem to meet local needs. 
At the same time 6G will not provide unlimited capabili-
ties, but rather provide for real needs, such as high-ca-
pacity networked islands where and when needed and 
focus on a sustainability perspective.

Figure 2-3. Key high-level 6G aspects interconnected by wireless and mobile networks.

©
 6G

 Flagship
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The operational environment for international 6G re-
search and development consists of multiple stakehold-
ers with varying goals and roles including, e.g. research 
and educational organizations; governmental, regulatory 
and standardization organizations; users; industry; and 
verticals, as depicted in Fig. 2-4. Research and educa-
tional organizations have an important role in driving 6G 
research and educating professionals, see e.g. [Latva-aho 
& Leppänen 2019]. Governmental organizations including 
national-level decision makers create the incentives and 
national conditions for 6G networks and services. Regula-
tory bodies at various levels are in charge of many critical 
6G deployment aspects including regional and interna-
tional spectrum matters. Standardization organizations 
enhance the adoption of necessary technology for sus-
tainable development, see [ISO 2018; IEC 2020]. Indus-
try encompasses various stakeholders such as mobile 
network operators (MNOs) and digital service providers, 
all investing in the infrastructure, and other telecommu-

nication industry players developing 6G technology and 
applications. Verticals include stakeholders from e.g. au-
tomotive, health, energy and other sectors that use the 
technologies in specific application areas, see [Pouttu 
2020] for more details on verticals for 6G. Given the chal-
lenges and economic impact of adopting the UN SDGs, 
various verticals need to engage earlier in the process 
compared to in the development of previous generations 
of mobile communications. Additionally, special purpose 
6G networks will be operated in verticals and the various 
applications tailored for verticals’ use will be running on 
the 6G networks. Finally, we want to mention the role of 
the users of the future systems. To prevent a digital divide, 
people need to have the devices required to use the ser-
vices and they also need to have the skills to use them as 
well as the available services. Furthermore, people need 
to understand technologies and they need to learn appro-
priate technological skills to actively transform disruptive 
technologies into advancing empowerment. 

Figure 2-4. Operational environment for 6G.

©
 6G
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6G research and development are unfolding against 
the background of global megatrends which will shape 
our world over the coming decades. Megatrends are 
change-related phenomena and are transformative, 
global forces that define the future world. They have im-
pacts on businesses, societies, economies, cultures, and 
personal lives. Although the COVID-19 pandemic dom-
inates the current news, climate change is probably the 
most topical megatrend today, and phenomena includ-
ing population growth and demographics, increasing en-
vironmental pollution or global competition for resources 
are also current megatrends [Dufva 2020]. 

The United Nations Office at Geneva (UNOG), as well as 
the Government of Norway, have pointed out the chal-
lenge of the digital divide as one of the global challenges. 
The governmental report [GovNorway 2020] on “Digi-
tal transformation and development policy” identified 
the following four barriers to digitalization (i) access, (ii) 
regulation, (iii) digital competence and (iv) exclusion, as 
priorities for the government. In a similar matter, United 
States Agency for International Development (USAID) 
has added “last mile connectivity” as the main priority 
for development policy. From the perspective of digitally 
empowering users globally, it should be emphasized that 
digital inclusion is the catalyst for achieving the UN SDGs, 
implying that we also need to address how everyone in 
society can benefit from basic information in the digital 
world available free on the web. Furthermore, certain UN 
SDGs require global cooperation to be successful leaving 
aside national interests, such as environment and ecolog-
ical reconstruction and controlling spread of diseases.

3.1 The Quintuple Helix model for 
sustainable development of 6G

The trends identified in the White Paper on Business 
of 6G in [Yrjölä et al. 2020] were taken as the baseline 
and categorized according to the Quintuple Helix mod-

el [Carayannis et al. 2012]. The Quintuple Helix model 
aims to support a win-win situation between ecology, 
knowledge and innovation, creating synergies between 
the economy, society, and democracy. It can be seen 
as “a cooperation system of knowledge, know-how, 
and innovation for more sustainable development” 
[Carayannis et al. 2012].

In the Quintuple Helix model (see Fig. 3-1), there are five 
subsystems (helices): the political system, the education 
system, the economic system, the natural environment, 
and media- and culture-based public society (civil soci-
ety). Each subsystem has its own asset, capital, at its dis-
posal and forming within the helix, resulting from the ac-
tions in the helix itself. Knowledge in this model is treated 
as a resource that circulates between the subsystems 
and changes into innovation and know-how in a society 
and for the economy. All subsystems are seen to influ-
ence each other through knowledge. Knowledge acts 
as an input to the subsystems and is a resource for new 
knowledge creation in the subsystem. As an output of a 
subsystem, new knowledge arises in the form of know-
how that continues circulating in the system or takes the 
form of new inventions [Carayannis et al. 2012].

The education system contains all levels of education. Its 
asset is embodied in humans who either go through the 
system (students) or work within it (teachers, research-
ers etc.) as human capital, resulting from diffusion and 
research of knowledge. Knowledge creation within this 
subsystem consists of education in different educational 
institutes, for instance, as well as research. The econom-
ic system consists of different elements that comprise 
the economic structure of a community, such as institu-
tions, industries, companies, services, banks. Its asset is 
economic capital, i.e. everything that makes it possible 
to perform economically useful work. This includes for 
example machinery, production processes, resources, 
and money. The natural environment has as its asset 

Megatrends driving 
6G research 3
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natural capital, i.e. nature itself and the resources it pro-
vides, such as soil, water, air, living organisms, minerals, 
and metals. The assets of the media- and culture-based 
public subcategory are a combination of civil society 
and the media and include information and social capi-
tal which are integrated and combined in the subsystem. 
This capital includes on the one hand, information- and 
media-related assets such as television, newspapers, 
and information sharing networks, and on the other hand 
culture-related assets such as art, traditions, values, and 
life-styles. The political system’s assets are political and 
legal capital. Political capital refers to the accumulation 
of resources and power by politicians, parties, and other 
stakeholders, and legal capital is understood as the legal 
system and laws and regulations. [Carayannis et al. 2012] 
In the Quintuple Helix model, the circulation of knowledge 
between the subsystems happens within a nation-state 
but also between states [Carayannis et al. 2012]. Next, 
we will examine the megatrends we have identified as 
relevant from the point of view of the sustainable devel-
opment of 6G. The trends largely cross the boundaries 
of nation-states; thus, the Quintuple Helix model needs 
to be understood on different levels as well, both at the 
nation-state level as well crossing these boundaries.

3.2 Identified megatrends

Following Sitra’s report on megatrends [Dufva 2020], 
there are five trends that will be vital in the future for 6G: 
1) the need for ecological reconstruction, 2) the strength-
ening of relational power, 3) the ageing and diversification 
of the population, 4) the redefinition of the economy, and 
5) technology embedded in everything. The megatrends 
in [Dufva 2020] have been derived to help understand 
the visible changes in the world, especially from Finland’s 
perspective, but are not limited to a single country. Next, 
we link these five megatrends to the corresponding heli-
ces of the Quintuple Helix model and add to that trends 
identified in the white paper on business of 6G [Yrjölä et 
al. 2020] that also fit this white paper. See Fig. 3-2 for the 
mappings and further details in the following sections. 

3.2.1 Trends related to the natural 
environment

Arguably the key trend influencing our future is the need 
for ecological reconstruction, which raises the ques-
tion: how do we respond to climate change, decreasing 
biodiversity, the dwindling availability of resources and 
waste-related problems? Other trends need to be viewed 
against this backdrop as well. For example, the political 
system should be able to make decisions quickly—but 
will these be made through the centralization of power or 
inclusive decision-making or political correctness?

Other trends concerning the natural environment in-
clude aspects such as sustainable materials, which in 
turn contribute to concepts such as the innovating to 

zero concept and the circular economy. By 2030, compa-
nies will have shifted focus and developed products and 
technologies that innovate to zero, including zero-waste 
and zero-emission technologies. While technology offers 
new solutions for the production of energy it also simul-
taneously increases the demand for energy. This creates 
a conflict, posing the question as to what extent tech-
nology promotes ecological reconstruction and to what 
extent technology hinders it. 6G net positive impacts 
on the environment and sustainability are expected due 
to increased efficiencies and improved environmental 
performance. Technologies of computing will be minia-
turized to the extent that they can be sustained on the 
power generated through everyday human activity. Ev-
eryday activities such as walking, jogging and everyday 
housework could produce energy to support a person’s 
information devices, which in turn will be able to monitor 
a person’s vitals as well as cater to information and enter-
tainment needs through over-the-top connectivity.

At the same time, environmental awareness among peo-
ple and companies has increased, which is reflected in a 
growing number of people and communities changing 
their habits and companies taking corresponding actions 
to offer better customer experiences. Dissatisfaction 
with the current measures taken with respect to climate 
change and biodiversity has motivated a growing num-
ber of people to voice their opinions and participate in 
demonstrations. Responding to the increased environ-
mental awareness requires changes in culture and prac-
tice and has been accompanied by a polarization of views.

By 2030 smart grids will be extended to a variety of sec-
tors including electricity, the Internet and healthcare. All 
of these have been hyperconnected and completely au-
tomated. They will be serving as a middle layer between 
humans and natural environments enhancing the capa-
bilities of both. These networks will be put together us-
ing a public-private-personal ownership funding model 
with a view towards sustainable growth and the usage of 
a digital infrastructure.

3.2.2 Trends related to the political system

We are moving from a multipolar world to a “poly-nod-
al” world, where the strengthening of relational power 
is vital. In geopolitics the tension between the globaliza-
tion, networking power and the urgency of ecological 
reconstruction is linked to the balance between central-
ized decisions and the strengthening of inclusion and 
democracy. By 2030, the power configuration will have 
transformed from a multi-polarized world to a poly-nod-
al world in which power will be determined in economic, 
technological and cultural networks and through inter-
action. Power is determined by relational influence and is 
being held not only by states but also by companies, re-
gions, communities and transnational organizations. So-
cieties will struggle to find a balance between fast-mov-
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Figure 3-1. Megatrends in the context of the Quintuple Helix model. 
Framework adapted from [Carayannis et al. 2012, p. 7].

ing decision making, community engagement and the 
reassertion of democratic values and commitments.

Public network funding has traditionally been directed 
towards unserved and underserved areas in terms of 
broadband access and coverage. Lately support for de-
ployment programs has extended to policy areas, such 
as smart city community development, worksites and 
ecosystems (such as harbors and airports), advanced 
health services, logistics and transport, smart cities, pub-
lic safety and critical infrastructure. Smart society builds 
dependable systems and communications and stan-

dardized data is utilized by walled garden platform mo-
nopolies across verticals. The focus on smart cities will 
be extended to rural inclusion. 6G will transform urban 
and rural life and will also be influenced by geopolitics, 
the growth of nationalism, rights to information transpar-
ency and information citizenry. Resource orchestration 
and configuration relates to the power over the develop-
ment and adoption of innovations and technology that 
is ubiquitously embedded in society and our daily lives. 
Technology is increasingly seen as a geopolitical issue 
of power and the questions about future resource or-
chestration and power are emerging. The key questions 
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arising are: who will own the continuously accumulating 
data, who will get to decide on technology and who will 
set the rules and regulations?

Data ownership and regulation. Access to data and data 
ownership are increasingly major factors in value cre-
ation, and limiting such access is a means of control. 
Creating a system that transforms how data is collect-
ed, shared and analyzed in real time can create strong 
drivers for future value, and introduce novel stakeholder 
roles. However, this may also lead to serious privacy and 
ethical concerns over the location and use of data. Pri-
vacy regulation is strongly linked to the rising trends of 
the platform data economy, peero-to-peer sharing econ-
omy, intelligent assistants, connected living in smart cit-
ies, transhumanism and digital twins’ reality at length.  “I 
own my data” is expected to grow particularly in Europe 
based on General Data Protection Regulation (GDPR) 
evolution, though severe differences in the global data 
privacy laws are expected to be living on borrowed time. 
Trends in artificial intelligence rights have contrary inter-
pretations. Assuming the availability of appropriate data 
sets for training purposes, AI has the ability to propose 
solutions to increasingly complex problems. AI could be 
a source of great economic growth, shared prosperity, 
and even lead to the fulfilment of all human rights. Al-
ternatively, in the future this may drive inequality, inad-
vertently divide communities, and could even be actively 
used to deny human rights.

Wireless spectrum politics and spectrum management 
in the 6G era will reveal a new level of complexity that 
stems from the variety of spectrum bands and spectrum 
access models with different levels of spectrum sharing. 
Local deployments of networks by a variety of stake-
holders is expected to further grow in 6G. Furthermore, 
in national technology politics, spectrum regulation will 
be used to gain competitive advantages. According to 
a recent net neutrality ruling Internet access providers 
should treat all traffic equally irrespective of the sender, 
receiver, content, service, application or device in use. 
At the same time, in 5G evolution a network that can be 
extremely tailored to a use case intending to treat traffic 
differently for each use case is already being developed. 
This legislation creates uncertainties by impacting com-
panies’ capabilities to create and capture value in virtu-
alized network-based services between telecom opera-
tors and cloud providers.

3.2.3 Trends related to the  
education system

We see two trends in the area of diversification of the 
population: the ageing in well-established societies, 
and young generations in developing economies trying 

to catch up with the welfare of established economies. 
In well-established societies, the population is not only 
ageing but also becoming more diversified in terms of 
backgrounds, opportunities and habits [Dufva 2020]. A 
highly functional educational system is needed to pro-
vide equal opportunities for all. Continuous competence 
development is not required only from the work force but 
from all citizens. Learning capabilities will play a key role 
in the future, which creates pressure to re-evaluate edu-
cational structures and policies.

New technological innovations may revolutionize ed-
ucation in the future. Redefining the human machine 
and brain user interface (UI) is an emerging opportuni-
ty which could connect people and the biological world 
in novel ways. So called holopresence systems will be 
able to project realistic, full-motion, real-time 3D digital 
twin images of distant people and objects into a room, 
along with real-time audio communication, with a level 
of realism rivaling physical presence. Images of remote 
people and surrounding objects will be captured and 
transmitted over a 6G network and projected using laser 
beams in real time. The pervasive influence of AI will not 
just reflect what something looks like but also its con-
text, meaning and function, creating an Internet of skills, 
an Internet of the senses and digital twins [Latva-aho & 
Leppänen 2019].

While there is a trend that indicates the next billion In-
ternet users will be mobile only, not everyone will have 
equal access to the latest educational technology. This 
refers to how ubiquitous cheap phones and increasingly 
affordable network connections in mega cities and rural 
areas will help the next billion users to join the Internet 
and access applications and digital content increasingly 
in non-English speaking markets . For many, mobile tech-
nology is the primary or only channel for accessing the 
Internet and services. With its unprecedented scale and 
growing impact on people’s daily lives, mobile technolo-
gy is a powerful tool also for achieving the SDGs and as a 
driver of sustainable economic growth.

Academia is a crucially important stakeholder not only 
providing education, but also fostering groundbreaking 
research. Alternative concepts and models for com-
puting such as quantum computing could disrupt seg-
ments such as finance, intelligence, drug design and 
discovery, utilities, polymer design, AI, Big Data, and 
digital manufacturing. Quantum computing involves 
sorting information, finding prime numbers, simulating 
molecules, and optimization, and thus could dramati-
cally affect these segments. For long the technology will 
be limited to selected sectors, such as the military, na-
tional laboratories, and aerospace agencies, while oth-
er alternative approaches to computing to help handle 

3 www.basicinternet.org
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greatly increasing level of parallelism in algorithms may 
be available more widely.

3.2.4 Trends related to the economic system

The redefinition of the economy is also linked to sustain-
able development. The key question here is whether the 
environment should be regarded only as a resource or 
whether the economy should aim to improve the state of 
the environment.

Urbanization will bring 5 billion people together to live in 
cities by 2030 occupying 3 per cent of the Earth’s land 
but accounting for 80 per cent of the energy consump-
tion and 75 per cent of carbon emissions. 95 per cent 
of urban expansion in the next decades will take place 
in the developing world where 883 million people live in 
slums today. Rapid urbanization is exerting pressure on 
fresh water supplies, sewage, the living environment, and 
public health. Cities are hungry, global economic engines 
and the economic powerhouses of the global economy. 
In 2015, 85% of the global GDP was generated in cities. 
Cities are increasingly functioning as autonomous enti-
ties, setting social and economic standards. Urban iden-
tity will grow in importance compared to national identity.
Open value configurations and open source paradigms 
may provide a powerful avenue to reinvent civil society 
participatory processes and regulatory capabilities. 
Utilizing the sharing and circular economy will lead to 
co-creation and the utilization of existing resources and 
processes. As counterforces to the creation of platform 
monopolies, decentralized co-operative platforms, the 
peer-to-peer economy and sharing economy models 
and the progress of a human-driven fair data economy 
have already emerged. Towards 2030 platform ecosys-
tems will provide an infrastructure on which innovation 
and transaction platforms are built. Crowdsourcing and 
crowdfunding are expanding the space for new forms 
of organization and innovation. Component prices have 
already decreased significantly, and more sophisticated 
components will become cheaper, while new ones are 
invented. Low component prices will provide opportu-
nities for both local businesses as well as international 
ones. This will encourage frugal innovations that will be 
supported by a global do-it-yourself culture where the 
sharing of blueprints and working processes will be the 
norm and these will counter inequality in the world. In a 
heterogeneous society, social networks and the trust 
and reciprocity they foster will be highlighted from the 
perspective of well-being as well as working life. Novel 
decentralized business models do not necessitate a fo-
cal point but depict the design of transaction content, 
structure, and governance to create value.

Via edge and extreme edge intelligence the proliferation 
of ever more powerful communication, computing and 
analytics resources at the edge of the network will trans-
form the architecturally disaggregated 6G access net-

works into a rich service provisioning and access plat-
form. Hyper-local services, such as augmented reality 
scenarios, do not require connectivity to distant service 
platform but, instead, perform better with local real-time 
service access. Furthermore, users will be supporting 
shared information processing and edge intelligence 
networks that will address collective challenges for hu-
manity, such as genome sequencing (citizen science), 
through shared resources. The individual will emerge as 
a node in the network of intelligence relations rooted in 
the local physical world while connected to hyper-real 
6G intelligence networks. This adopts a viewpoint of a 
common good through the digital infrastructure of 6G 
supported through an ecology of information devices, 
products and services of Internet of Things (IoT)/Inter-
net of Everything (IoE).

Over-the-top companies will utilize their customer data, 
cloud infrastructure and AI/ML capabilities to challenge 
traditional operator’s customer relationships as users 
perceive connectivity as a basic utility. In addition to the 
media space, OTT players will offer basic telco services 
such as voice or messaging services and will be active 
in growth areas, such as cloud space and other services, 
competing with telcos for clients and revenue. They will 
tie customers to their own ecosystems with carrier-neu-
tral connectivity, while making reliance on traditional op-
erators a thing of the past.

Towards 2030 industry 5.0 will allow collaborative hu-
man-machine interaction (HMI) across services and 
industries as human intelligence becomes more har-
monized with advanced, cognitive computing. With 
real-time data, effective data monetization and digital 
automation of the manufacturing process, business-
es will be able to shift their focus towards generating 
higher revenues from the servitization of products. 
Advanced manufacturing capabilities will help to over-
come design complexities with the ability to facilitate 
extreme mass customization and further return con-
trol back to customers and in a haptic way. Private 
networks driven by industrial digital automation will 
call for standalone networks with high reliability, high 
performance in terms of both bandwidth and reliabil-
ity, secure communications and data privacy, fulfilling 
business and mission critical needs.

3.2.5 Trends related to the media-based and 
culture-based public system

Technology will become an embedded enabler in ev-
erything. This includes knowledge creation and the cir-
culation of knowledge. Technology is becoming a part 
of society and everyday life. The sense of community 
created by 6G technology and the ability to directly col-
laborate with others will enable humans to participate 
and act in society in an unprecedented way. A hyper 
connected globe will continue to feel ever smaller in 
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2030: Globally 90% people will be able to read and have 
access to the Internet and this trend will involve mobile 
technology. It will be essential to recognize that 6G will 
transform urban and rural life and this will be affected 
by geopolitics, growth of nationalism, rights to informa-
tion transparency and information citizenry. Thus, once 
the infrastructure of 6G is in place, there will be content 
growth in terms of supporting multiple social and tech-
nological identities of people through a variety of media. 
This will require decision making and regulation of fu-
ture, data, information, media and network usage with 
a view to the sustainable growth of the economy. Thus, 
people in the 6G world will be increasingly sophisticat-
ed in terms of their media and service consumption, 
while being rooted in their local economies. Connectivi-
ty is therefore not only virtual and digital, but also phys-
ical, and the physical world will seamlessly meet the 
virtual world with novel ways of interacting between the 
human and the biological world. Once 6G technology 
has penetrated most parts of the world, IoT devices and 
sensors controlled by AI will be an integrated part of 
environment. The automatic collection of various kinds 
of data (from people: functioning of the human body, 
biometrics, biosensor data, etc. as well as from our envi-
ronment etc.) and its analysis will be used for highly so-
phisticated products and systems that will make peo-
ple’s lives easier and provide better user experiences 
through convenience as everything is automated. 

The need for cybersecurity and trust will be ubiquitous 
in the hyper connected world in 2030. Even a temporary 
loss of technology may have, not only a productivity im-
pact, but also a psychological impact on our lives. Fur-
thermore, the subversion or corruption of our technology 
could result in disastrous harm to our lives and business-
es if, e.g., medical treatment devices deliver the wrong 
medication, or educational systems teach propaganda, 
or home or work automation systems cause us injury or 
damage our products and businesses. In particular, ex-
pectations to protect and safeguard society and critical 
infrastructures from emergency situations by means of 
technological advancements are anticipated to grow.

Furthermore, with increasing polarization and the age-
ing and diversification of the population new tribes and 
communities will emerge around various imaginary 
groups representing a wide variety of values, places of 
residence, political opinion, consumption choices or 
lifestyles. With weakened and fragmented future pros-
pects, the absence of togetherness and the polarizing 
effect of social media may have led to a rise in populism, 
skepticism towards changes in the environment and in 
the worst case, extreme attitudes. The concept of trans-
humanism reflects the rise of technology-driven evolu-
tion at an unprecedented speed of change, propelling 
deeper questions into what it is to be human from the bi-
ological, behavioral and human-machine evolutional per-
spectives. There may also be a cognitive intelligence rev-

olution via the ascendancy of sentient tools and further, 
possibly human, orchestrated, self-directed selection in 
biological, neurological, and physical evolution.
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The UN Agenda 2030 for Sustainable Development in-
troduces 17 goals and 169 targets that are measured 
with 232 individual indicators as presented in [UN 2017]. 
Prior studies on the linkage between the UN SDGs and 
the mobile communications sector, or more generally 
the ICT sector, have identified that contributions can be 
made to all the SDGs. There are ongoing activities related 
to mobile communications and UN SDGs carried out by 
governments, regulatory bodies, standardization organi-
zations, trade associations, companies, etc. In the follow-
ing we provide an overview of relevant ongoing activities 
in different forums working towards the achievement of 
the UN SDGs, followed by our new linkage between 6G 
and the UN SDGs.

The global indicator framework [UN 2017] for the goals 
and targets of the 2030 Agenda for Sustainable Devel-
opment defines 232 individual indicators of which seven 
are defined to address ICT related topics. Overall, the in-
dicators describe today’s situation and very few are ICT 
specific, which calls for the stakeholders to look into the 
development of a new set of more specific indicators 
which do not currently exist and are applicable to future 
mobile communications systems. In particular, there is 
a need to develop new indicators to guide 6G research 
and development towards 2030.

4.1 Prior work on linking UN SDGs with 
mobile communications and indicators

The International Telecommunication Union (ITU) is the 
UN specialized agency for ICT and has identified the role 
of ICT in achieving the different UN SDGs, see [ITU]. Sim-
ilarly, for several years the mobile communication indus-
try itself has evaluated its impact on the achievement of 
the UN SDGs, see e.g. [GSMA 2018; GSMA 2019]. The 
prior work on the linkage between the UN SDGs and 
mobile communications and related indicators are dis-
cussed next.

4.1.1 Existing linkage between UN SDGs 
and mobile communications

The identified linkage between the UN SDGs and the 
mobile communications sector or more broadly the ICT 
sector are summarized in Table 4-1 and more details are 
provided in Annex 1. The mobile industry’s contribution 
to the achievement of the UN SDGs is primarily consid-
ered through three levels: 1) the deployment of infra-
structure and networks forming the foundation for the 
digital economy, 2) providing access and connectivity 
allowing people to use mobile communications, and 3) 
by enabling life-enhancing services and relevant con-
tent for people [GSMA 2018]. The Broadband Commis-
sion for Sustainable Development directed by the ITU 
and UNESCO has set its own seven broadband targets 
for 2025 including a universal broadband policy, making 
broadband affordable, getting people online, achieving 
digital skills and literacy, using digital financial services, 
getting businesses online and achieving gender equality 
[Broadband Commission 2019]. 

The ITU has developed “the Connect 2030 Agenda” 
to contribute to the UN SDGs [ITU 2020]. It defines five 
goals: growth (enable and foster access to and increased 
use of telecommunications/ICT in support of the digital 
economy and society), inclusiveness (bridge the digital 
divide and provide broadband access for all), sustainabil-
ity (manage emerging risks, challenges and opportunities 
resulting from the rapid growth of telecommunications/
ICT), innovation (enable innovation in telecommunica-
tions/ICT in support of the digital transformation of soci-
ety) and partnership (strengthen cooperation among the 
ITU membership and all other stakeholders in support of 
all ITU strategic goals). Additionally, the ITU and Digital 
Impact Alliance (DIAL) have developed a framework for 
SDG digital investments to select technological solutions 
[ITU – DIAL 2019]. The framework consists of four inter-
related layers: SDG targets defining high-level objectives, 

Developing a linkage 
between the UN SDGs and 
6G and related indicators 4
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use cases defining the steps to achieve a business objec-
tive contributing to one or more SDG targets, workflows 
defining generic business processes supporting the de-
livery of a use case, and ICT building blocks that enable 
work flows and use cases. The framework provides a 
method for mapping ICT building blocks to specific UN 
SDGs. Most recently, the UN road map for digital cooper-
ation [UN 2020] recognizes the importance of digital co-
operation in achieving the SDGs and sets out actions on 
global connectivity, digital public goods, digital inclusion, 
digital capacity-building, digital human rights, AI, digital 
trust and security, and global digital cooperation.

Although the mobile communications community has rec-
ognized the important role that mobile communications 
play in achieving the UN SDGs, the approach taken so far 
has been mainly economically driven. A purely commer-
cially-driven roll-out will not always serve the under-rep-
resented groups in the community, e.g. those who do not 
see the value in the Internet. Instead, community networks 
are often established as individuals see the necessity for 
connectivity although the economic viability may not be in 
place. Therefore, communities need to be made an integral 
part of any policy making and decision-making bodies.

In this white paper, the scientific community together 
with other actors further develop the linkages between 
the technological solutions and the UN SDGs. The pa-
per maps out how mobile communications can enable 
the achievement of UN SDGs from a wider, societal per-
spective, paying attention to issues such as equality, 
both on the individual and institutional level. As an ex-
ample, we could take education. On the individual level, 
it is vital to have access to schooling no matter where 
you live. On the institutional level, this means society 
needs to provide an infrastructure in order for school-
ing to be arranged. This is especially the case if online 
access to classrooms is necessary, for example in re-
mote areas, or in situations like the COVID-19 pandemic 
when students cannot physically attend school due to 
government restrictions. In practice, institutions need 
to offer access to online services, and students need 
a mobile device. Technological solutions and services, 
and the technology needed, is developed and provided 
by the academic community and industry. The commu-
nications technology industry, societies and public in-
stitutions have to join forces to achieve the goals the UN 
has set for education. 

Mobile communications 
can provide a communi-
cation infrastructure to 
stimulate local economy 
growth in poor com-
munities. It can lower 
the barriers to access 
economic resources 
by providing access 
to mobile money and 
micro-financing and 
generate employment 
opportunities for people 
living in extreme poverty 
[GSMA 2018]. 

The UN SDGs Existing linkage 
with mobile communi-

cations/ICT 

- 2G/3G/4G coverage; 
mobile penetration of 
the poorest 40%; mobile 
money penetration; 
number of transactions 
per account; average 
transaction volume; mo-
bile money registered 
accounts [GSMA 2018]. 

Proportion of individuals 
using the Internet; pro-
portion of households 
with Internet access; 
proportion of individuals 
owning a mobile phone; 
population covered by 
a mobile broadband 
network; proportion of 
individuals using the In-
ternet for Internet bank-
ing [ITU  et al. 2019].

Existing indicators from 
UN SDG framework

Other existing 
indicators
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ICT can help farmers 
improve crop yields and 
business productivity 
through better access 
to market information, 
weather forecasts, train-
ing programs, and other 
tailored online content 
[ITU].  

- Mobile penetration; 
receiving of payments 
for agricultural products 
via mobile; number of 
people using mobile 
access that benefit their 
farm or fishery; use of 
mobile technology to 
access health services 
[GSMA 2018].

Proportion of individu-
als using the Internet; 
proportion of individuals 
owning a mobile phone; 
population covered by a 
mobile broadband net-
work [ITU  et al. 2019].

Mobile communications 
enable communication 
with medical practi-
tioners, monitor well-be-
ing through mobile, 
provide access to health 
programs, provide 
digital identity service to 
access healthcare, and 
provides big data for ep-
idemics [GSMA 2018]. It 
allows access to digital 
medical records, remote 
pa-tient monitoring and 
AR/VR for medical train-
ing [Huawei 2019]. 

- Proportion of individuals 
owning a mobile phone; 
countries having adopt-
ed a national e-health 
record [ITU  et al. 2019].

The UN SDGs Existing linkage 
with mobile communi-

cations/ICT 

Existing indicators from 
UN SDG framework

Other existing 
indicators
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ICT powers a revolu-
tion in digital learning; 
mobile devices allow 
students to access 
learning assets anytime, 
anywhere; teachers 
use mobile devices for 
everything from literacy 
and numerical training 
to interactive tutoring; 
mobile learning has 
the ability to help break 
down economic bar-
riers, divides between 
rural and urban, as well 
as the gender divide 
[ITU].  

Proportion of schools 
with access to the 
Internet for pedagogical 
purposes [UN 2017]. 

Proportion of schools 
with access to com-
puters for pedagogical 
purposes [UN 2017]. 

Proportion of youth/
adults with ICT skills, 
by the type of skill [UN 
2017].

Proportion of individu-
als using the Internet; 
enrolment in basic 
computer skills and/or 
computing courses in 
secondary education; 
proportion of graduates 
in ICT-related fields 
at post-secondary 
levels; Individuals with 
ICT skills by the type 
of skill;  percentage of 
youths/adults who have 
achieved at least a mini-
mum level of proficiency 
in digital literacy skills; 
learner-to-computer 
ratio; proportion of edu-
cational institutions with 
computers for pedagog-
ical purposes; pro-
portion of educational 
institutes with Internet 
for pedagogical purpos-
es [ITU  et al. 2019].

The UN SDGs Existing linkage 
with mobile communi-

cations/ICT 

Existing indicators from 
UN SDG framework

Other existing 
indicators

Use of mobile phone can 
help women in low- and 
middle-income coun-
tries feel safer and more 
connected, and provide 
access to in-formation, 
services and life-en-
hancing opportunities 
[GSMA 2019]. Mobile 
can connect women to 
sharing economy and 
allow access to fe-
male-specific (e-health) 
services [GSMA 2018].   
ICT enables women to 
gain a stronger voice in 
their communities, their 
government and at the 
global level [ITU]. 

Proportion of individ-
uals who own a mobile 
telephone, by sex [UN 
2017].

Proportion of individu-
als using the Internet; 
proportion of individuals 
owning a mobile phone 
[ITU  et al. 2019].
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Mobile communications 
can help via providing 
data analytics to deter-
mine viability of renew-
able energy sources, 
online resource for clean 
energy procurement, 
smart grid solutions, 
distributed energy sys-
tems, and smart meter-
ing [Huawei 2019].  

ICT and energy efficien-
cy are connected in two 
ways: ‘Greening of ICTs’ 
and ‘Greening through 
ICTs’ [ITU]. 

- Number of people 
benefitted from access 
to clean and reliable 
energy in their homes; 
IoT utility connections; 
number of people in 
developing countries 
using mobile technology 
to pay utility bills; energy 
use by business area of 
MNO [GSMA 2018].

ICT enables smart water 
management, facili-
tat-ing the measure-
ment and monitoring of 
water supplies as well 
as necessary inter-
ventions, and enabling 
practitioners at the 
local level to ensure the 
equitable and sustain-
able exten-sion of water, 
sanitation and hygiene 
services and optimize 
operations [ITU]. 

- Total access gap (water, 
sanitation) [GSMA 
2018].

The UN SDGs Existing linkage 
with mobile communi-

cations/ICT 

Existing indicators from 
UN SDG framework

Other existing 
indicators
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Mobile communications 
can increase market size 
by online channels with 
consumer connectivity 
and provide access to 
mobile financial services 
for companies [GSMA 
2018].  

ICT transforms the way 
that business is being 
done everywhere and 
create new employment 
opportunities [ITU].   

- Proportion of individuals 
using the Internet; prop. 
of individuals owning a 
mobile phone; popula-
tion covered by a mobile 
broadband network; in-
dividuals with ICT skills 
by type of skill; Internet 
traffic in exabytes; prop. 
of individuals using the 
Internet for Internet 
banking; business using 
the Internet for Internet 
banking / for accessing 
other financial services; 
business use of broad-
band subscriptions; 
internat. trade in digital-
ly-delivered services as 
% of total services trade 
% [ITU  et al. 2019].

Mobile networks are a 
critical infrastructure 
to provide affordable 
access to voice and 
data services and 
connect remote areas to 
em-ployment opportu-
nities. IoT solutions can 
be used for sustainable 
manufacturing. [GSMA 
2018; GSMA 2019].   

Broadband is essential 
infrastructure due to 
its capacity to power 
industry and innovation 
[ITU].  

Percentage of the 
population covered by a 
mobile network, broken 
down by technology 
[UN 2017]. 

Mobile subscribers; mo-
bile Internet adoption; 
2G/3G/4G coverage; 
cost of 500 MB data 
plan; average download 
speed; average upload 
speed; average latency 
[GSMA 2018].

Proportion of individu-
als using the Internet; 
prop. of households with 
Internet access; popula-
tion covered by a mobile 
broadband network; 
Internet broadband 
subscriptions per 100 
inhabitants; educational 
institutes (schools) with 
Internet; ICT prices as 
a % of gross national 
income per capita; inter-
national Internet band-
width (bps) per Internet 
user [ITU  et al. 2019].

The UN SDGs Existing linkage 
with mobile communi-

cations/ICT 

Existing indicators from 
UN SDG framework

Other existing 
indicators
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Mobile communications 
enable access to infor-
mation/social networks 
to promote social and 
political inclusion, allows 
access to marketplaces, 
and facilitates mobile 
money and digital 
identity services [GSMA 
2018].  

ICT enables access to 
information and knowl-
edge to disadvantaged 
segments of society 
– including those living 
with disabilities, as well 
as women and girls [ITU]. 

- Mobile penetration for 
the poorest 40% of 
population in develop-
ing countries; mobile 
money adoption among 
women in low-income 
countries; percentage 
of refugees living in 
areas covered by mobile 
networks, percentage 
of refugee households 
with a mobile phone, 
number of mobile mon-
ey transactions, afford-
ability of sending mobile 
money [GSMA 2018]. 

Proportion of individuals 
using the Internet for 
Internet banking [ITU  et 
al. 2019].

Advanced communica-
tions techniques can at-
tract and retain workers 
in rural areas by im-
proving the teleworking 
experience, allowing for 
collaborative innovation 
systems among firms 
and research centres, 
and increasing effi-
ciency of rural business 
and training of workers, 
drones can boost pro-
ductivity of rural busi-
ness, improve access 
to goods, and reduce 
productions and delivery 
costs [OECD 2019a].  

- -

The UN SDGs Existing linkage 
with mobile communi-

cations/ICT 

Existing indicators from 
UN SDG framework

Other existing 
indicators
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Increased dematerial-
ization and virtualization 
as well as innovative ICT 
applications enable sus-
tainable production and 
consumption. Cloud 
computing, smart grids, 
smart metering, and 
reduced energy con-
sumption of ICTs have 
a positive impact on re-
ducing consumption. ICT 
energy consumption and 
negative impacts of ICTs, 
such as e-waste, need to 
be minimized [ITU].  

- Proportion of individu-
als using the Internet; 
proportion of e-waste 
treated environmentally 
sound [ITU  et al. 2019]. 

Mobile communication 
can help  avoid green-
house gas (GHG) emis-
sions by enabling other 
sectors to reduce their 
GHG emissions, facilitate 
smart traffic manage-
ment, smart urban light-
ing, smart parking, smart 
logistics, building energy 
management systems, 
remote working, sharing 
economy, smart grids, 
connected health, and 
precision agriculture 
[GSMA 2019].   

- -

The UN SDGs Existing linkage 
with mobile communi-

cations/ICT 

Existing indicators from 
UN SDG framework

Other existing 
indicators
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ICT facilitates conserva-
tion and sustainable use 
of the oceans through 
improved monitoring 
and reporting deliver-
ing timely and accurate 
data, while local sen-
sors deliver updates in 
real-time [ITU].  

Enabling technologies 
in the ocean economy 
can improve data quality, 
data volumes, connectiv-
ity and communication 
from the depths of the 
sea as well as facili-
tate autonomous ships 
and autonomous under-
water vehicles (AUVs) 
[OECD 2019b].

- -

ICT allows conservation 
and sustainable use of 
terrestrial ecosystems 
and the prevention of 
the loss of biodiversi-
ty through improved 
monitoring and report-
ing by delivering timely 
and accurate data on a 
global basis, while local 
sensors can deliver on 
the spot updates in re-
al-time. Big data can be 
used to analyse short- 
and long-term trends 
in terms of biodiversity, 
pollution, weather pat-
terns and ecosystem 
evolution, and to plan 
mitigation activities 
[ITU].

- -

The UN SDGs Existing linkage 
with mobile communi-

cations/ICT 

Existing indicators from 
UN SDG framework

Other existing 
indicators
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Table 4-1. Existing linkage between the UN SDGs and mobile communications/ICT. 

Mobile sector supports 
collaboration between 
public and private sec-
tor [GSMA 2019].  

ICT is crucial in achiev-
ing all of the SDGs, since 
ICT acts as catalysts 
that accelerate all three 
pillars of sustainable 
development – econom-
ic growth, social inclu-
sion and environmental 
sustainability – as well as 
providing an innovative 
and effective means 
of implementation in 
today’s inter-connected 
world [ITU].  

Fixed Internet broad-
band subscriptions, 
broken down by speed 
[UN 2017]. 

Proportion of individuals 
using the Internet [UN 
2017].

Proportion of individu-
als using the Internet; 
Internet broadband 
subscriptions per 100 
inhabitants; proportion 
of businesses using the 
Internet; proportion of 
businesses receiving 
orders via the Internet; 
proportion of business-
es placing orders over 
the Internet [ITU  et al. 
2019].

Mobile technology for 
authorities (e.g., po-
lice) helps to prevent 
violence and adheres 
strict data privacy and 
security policies that 
align to national and 
international law [GSMA 
2018].  

Growing use of open 
data by governments 
increases transparency, 
empowers citizens, and 
helps to drive economic 
growth by record-keep-
ing and tracking govern-
ment data and local de-
mographics. In disasters 
ICT can help in obtaining, 
communicating and 
transmitting accurate 
and timely information 
[ITU].  

- Proportion of individu-
als using the Internet; 
proportion of individuals 
owning a mobile phone; 
United Nations’ E-par-
ticipation index [ITU  et 
al. 2019].

The UN SDGs Existing linkage 
with mobile communi-

cations/ICT 

Existing indicators from 
UN SDG framework

Other existing 
indicators
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Table 4-1 clearly shows that affordable access to the 
Internet for everybody is critical to achieving the SDG 
goals as access to information is the panacea for every-
thing and is significantly cheaper and faster than build-
ing physical infrastructures of schools, hospitals, etc. 
Furthermore, all infrastructures providing services can 
be partly offered remotely with the help of an Internet 
connection and appropriate applications. 

4.1.2 Existing indicators
 
In the global indicator framework for the UN SDGs [UN 
2017], there are seven indicators that are defined to be 
related to ICT and are systematically monitored. They are 
highlighted in bold in Table 4-1. These indicators present 
a very high-level view and are not adequate for investi-
gating the impact of mobile communications on the UN 
SDGs. In order to provide a more holistic view on what 
can and even should be measured we need other metrics 
as well. The metrics can serve various stakeholders in the 
mobile communication industry to guide their activities 
into a more sustainable direction, in a more sustainable 
manner. Traditionally, cellular mobile communication 
networks have been characterized by sets of minimum 
technical requirements for the different generations of 
International Mobile Telecommunications (IMT) systems 
defined by the ITU. The latest systems, IMT-2020, need 
to fulfill requirements on the following indicators: peak 
data rate, peak spectral efficiency, user experienced 
data rate, 5th percentile user spectral efficiency, aver-
age spectral efficiency, area traffic capacity, latency in 
terms of user plane latency and control plane latency, 
connection density, energy efficiency, reliability, mobility, 
mobility interruption time and bandwidth as illustrated in 
Figure 6-1 [ITU-R 2017]. With the advent of 6G, a new set 
of indicators needs to be defined.

The impact of mobile communications on the UN SDGs 
has been measured with indicators which are summa-
rized in Table 4-2 where the indicators in bold text are 
from the UN Global Indicator Framework for the SDGs.

4.1.3 Identifying opportunities of 6G

Building on the existing mapping between the UN SDGs 
and mobile communications or ICT, we note that future 
technologies, such as 6G, are not thoroughly captured in 
the linkages or indicators. The UN SDGs can be seen as 
an opportunity for 6G to make a positive impact and to 
be an accelerator for the advancement of the UN SDGs. 
Reducing inequality and securing a better quality of life 
for those in the most vulnerable position in a sustainable 
way is at the heart of the goals. Pursuing the UN SDGs is 
a social and societal effort and can direct public resourc-
es to, among other things, extending the network infra-
structure required for 6G beyond urban centers and de-
veloped countries. A prerequisite for this is the creation 
of 6G use cases that support the UN SDGs and can guide 

the development of the standard. Implementing 6G tech-
nology should be affordable and not require dispropor-
tionate infrastructure investment. Another opportunity is 
to exploit the existing and evolving infrastructure, which 
is already being built, including the fiber optic backhaul 
infrastructure. An overview of the opportunities present-
ed by 6G in assisting the achievement of UN SDGs iden-
tified by the White Paper Expert Group is summarized in 
Table 4-2 using the PESTLE analysis framework. 
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S - Societal • Mobile communications can help with illiteracy and if not that, still help in 
reducing inequalities due to illiteracy.

• Having easy online access to land ownership or property data with possibilities 
to also sign and verify the authenticity of documents e.g. by blockchain could 
revolutionize ownership for the most vulnerable.

• Remote consultations for pregnant women including measuring an unborn 
child’s heartbeat. For risk pregnancies, e.g. mothers expecting twins, ultra-
sound could be replaced with novel low-cost technologies with aid of safe 
in-body measurement devices or similar.

• Leverage 6G for smart water grid management/6G for remote water resource 
management and supervision.

• Emission trade based on globally distributed sensors measuring real time 
emissions.

P - Political • Communication networks are seen as a necessity for basic standards of living.
• Increasing consensus on funding networks in areas with low business opportunity.
• Users can manage most personal data, even if web-scale companies still own 

masses of our data. 

 Dimension/
 Perspective

 Opportunities

E - Economic • Better communication infrastructure can stimulate local economy growth in 
poor communities by lowering barriers to economic resources by supporting ac-
cess to financial services and generating employment opportunities for people 
living in extreme poverty.

• 6G may facilitate small businesses through increased market transparency: 
helping to build trust in online services and supporting cross-border e-com-
merce through better (online) business security and data protection.

• 6G may help in generating and finding employment opportunities, supporting 
access to financial services, facilitating access to utility services, providing digi-
tal identity services and emergency and disaster assistance.

• Opportunities for entrepreneurship or cooperatives with connectivity and online 
mentoring.

• Access to reliable online weather forecasts to reduce unnecessary watering and to 
define optimal cultivation time. Affordable analysis of soil quality benefitting of AI. 

• Data collection with online tools and support for identifying breeds e.g. with 
shape recognition. Also, peer-support and networking possibilities to reduce 
inbreeding in cattle.
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T -Technological • The access to free (or affordable) and virtually unlimited spectrum resources is 
among the key factors that influences the capability of mobile communications 
technologies to contribute to the UN SDGs. In 6G, the utilization of spectrum 
sub-THz and THz bands above 100 GHz may significantly relax spectrum 
scarcity constraints commonly encountered in preceding generations. More-
over, these THz not only support the scalability of communications, but may also 
be conveniently exploited for high-precision localization, sensing and imaging 
applications even in underserved (‘under-sensed’) areas.

• The adoption of open source principles and/or a unified global standard and 
early interaction with all stakeholders in the development of mobile technolo-
gies, platforms and services may further unlock opportunities for co-innovation 
and co-creation within the ecosystem, with possibility of more meaningful 
involvement of the UN SDGs beneficiary stakeholders. The confluence of mobile 
technology development and open source models is becoming increasingly 
prominent in 5G and will likely be the norm in the 6G era.

• The technical KPI enhancements (e.g. faster data rates, lower latencies etc.) 
envisioned in 6G (relative to 5G KPIs) may potentially bring deeper immersion 
and interaction for users (e.g. holographic interaction, tactile Internet etc.), even 
in hitherto underserved areas. Such capabilities may add value to remote service 
delivery (e.g. health, education etc.) in ways that far exceed tele-X solutions from 
legacy mobile technologies.

• The envisioned migration of most computing and intelligence to the edge (closer 
to end users) in 6G may further contribute to bringing technology-enhanced 
SDG interventions closer to local points of need. To that end, 6G contributes in 
way that enhances service immediacy, local autonomy and adaptation to local 
environmental contexts (both physical and virtual).

L - Legal and 
regulatory

• Sustainability for driving spectrum use to ensure efficient use of spectrum and 
supporting different stakeholders to allow the deployment of 6G networks.

Table 4-2. Identified key opportunities of 6G. 

 Dimension/
 Perspective

 Opportunities

E - Environmental • 6G has the potential to enable solutions in various disciplines, e.g. virtual learn-
ing, smart travelling etc., that eventually reduce the carbon footprint.

• If the energy needs of 6G technology will be provided by low-cost renewable 
energy technologies, it will promote the use of clean and affordable energy 
technologies.

• The climate change goal to limit global warming by 2 degrees from the pre-in-
dustrial era can be facilitated by using a combination of 6G technology togeth-
er with clean energy technology.

• Efficient and intelligent 6G networks could improve the communication and 
energy systems’ resilience and could play a key role in achieving zero (or even 
negative) carbon emission solutions.

• Innovative solutions to promote the circular economy are possible using 6G 
technology.
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6 http://www.oecd.org/development/launch-of-measuring-distance-to-the-sdg-target-may-2019.htm
7 https://unstats.un.org/sdgs/metadata/

4.2 Developing a novel linkage between 
6G and the UN SDGs via indicators

This white paper set out to establish the mapping of 6G 
on the UN SDGs, a task that has proven to be rather elu-
sive, because there is no other prior work on the topic. To 
address this gap, the White Paper Expert Group carefully 
examined the possible linkages between 6G and the UN 
SDGs, leading to the following ex-ante three tier analytical 
framework that was preliminarily introduced in Chapter 
1. Specifically, the proposed framework draws linkages 
to the UN SDGS by viewing 6G as: 1) a provider of ser-
vices to help steer communities and countries towards 
reaching the UN SDGs’, 2) an enabler of measuring tools 
for data collection to help report indicators with hyperlo-
cal granularity, and 3) a reinforcer of a new technological 
ecosystem to be developed in line with the UN SDGs. 
Next we briefly expand on the proposed three pillars. 

4.2.1 6G as a provider of services 

The 2030 Agenda sets forth a blueprint for tackling focal 
problems facing society today across the globe. It be-
comes evident that irrespective of geographical location 
or geopolitical standing, many communities are becoming 
progressively worse while being trapped in downward 
feedback spirals that prevent people, authorities, and 
businesses reaching their goals in a sustainable manner. 
For the most part, the lack of visible and viable opportuni-
ties that could otherwise facilitate people and institutions 
steer their actions towards community betterment culti-
vate meta-narratives of hate, deviance, polarization, envi-
ronmental degradation, radicalization, conflict, terrorism, 
and war. For example, one can observe that across the Hu-
man Development Index (HDI), communities lacking ac-
cess to good education cannot contribute positively to the 
development of job and wealth creation that leads to so-
cial change and advancement. In this context, 6G technol-
ogy will deliver services and solutions that will empower 
individuals and communities to adopt self-correcting pro-
cesses and steer actions towards long term sustainability.

Specifically, next-generation 6G wireless services built 
on pervasive AI and fractal network protocol stacks will 
have a profound effect on how individuals and communi-
ties perceive space and time. For instance, multisensory 
applications (virtual reality (VR), augmented reality (AR), 
mixed reality (MR)) will bring about new forms of human 
mobility that will enable individuals and large groups to 
break away from existing patterns of interaction and 
temporo-spatial understandings of the world. New smart 
surfaces, autonomous systems, and wireless brain-com-
puter interactions will also reshape our perception of 
time and space in drastically new ways.

4.2.2 6G as an enabler of hyperlocal 
measuring tool

Following the initial publication of the UN SDG indica-
tors [UN 2017], many international governmental and 
non-governmental organizations voiced concern about 
existing data gaps that hinder the capacity of authorities 
to report on their performance. Today, of the 169 targets 
in the Agenda, OECD countries report data for only 1056. 
The White Paper Expert Group further examined the 
scope of this data-gap and conducted a systematic anal-
ysis of all available UN SDG indicators metadata, looking 
at how indicators are measured in the field7. The conclu-
sions of this exhaustive exercise are twofold: (1) most 
indicators are currently being measured with asynchro-
nous and anachronistic tools (questionnaires or house-
hold surveys) and are not up to par with current advanc-
es in data management and data retrieval; (2) there is a 
discord between the breadth of some indicators and the 
inefficacy of instruments to collect disaggregated data. 
Against this backdrop, this white paper anticipates the 
instrumentation of 6G as a scientific tool to help authori-
ties and other stakeholders to collect data at a much more 
local, hyperlocal and granular level than currently. The use 
of 6G technology as a measurement tool will not only en-
able the reporting of missing KPIs, and thus reduce the 
data-gap, but it will also enable the monitoring of new in-
dicators that will become relevant in the near future. 

For instance, mobile coverage is a basic prerequisite for 
the utilization of the an IoT ecosystem that could help 
communities meet their goals. Sensors that capture and 
transmit data quickly over WiFi, 3G, 4G and 5G are be-
coming more accurate and efficient. The development of 
mobile networks helps data from the sensors to be col-
lected and transmitted more efficiently, faster and across 
larger distances. An exponentially increasing amount of 
data is being made available from all types of geograph-
ical, economic, and social contexts, while the technolo-
gies for system and sub-system monitoring is growing to 
full maturity. Thus, the instrumentation of 6G technology 
for monitoring the KPIs is expected to achieve major im-
provements in increasing the sampling rate, improving 
the veracity and variety of the measured data, thus re-
ducing costs. The communication infrastructure (mobile 
networks) can be used as a sensor and as innovative tool 
to monitor sustainability and efficiency in many different 
forms and contexts. For example, in the developed world, 
the penetration of home IoT devices can be treated as a 
sign of prosperity and well-being, enabling governments 
to identify those neighborhood blocks that require more 
support than others. Respectively, indicators such as the 
volume of streaming content, data consumption, and 
data production can all lead to better hyperlocal KPIs 

http://www.oecd.org/development/launch-of-measuring-distance-to-the-sdg-target-may-2019.htm
https://unstats.un.org/sdgs/metadata/
https://unstats.un.org/sdgs/metadata/
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which can be monitored, reported and addressed by 
stakeholders in near real-time.

4.2.3 6G as a reinforcer of an ecosystem 
aligned with the UN SDGs

It is anticipated that 6G technology will have a disrup-
tive impact that will bring about positive changes in the 
way individuals, communities and governments steer 
towards solutions across all aspects of life. At the indi-
vidual level, the envisioned services that will be derived 
by the 6G wireless systems will call for a new bottom-up 
mandate of social relations and conduct. For example, 
hyperlocal monitoring of energy consumption and the 
CO2 footprint can work as a reinforcing feedback loop 
leading to individual self-adjustment. For example, new 
services will provide individuals and communities with 
access to KPIs on their personal energy footprint. The 
impact of 6G will also be relatively greater in the domain 
of governance, public administration, and through in-
stitutions (e.g. 6G Hospitals, 6G Schools, Industry 4.0, 
e-government). The interconnection between people, 
communities, and institutions along with the increasing 
use of heterogenous data streams in the area of public 
policy decision-making, is set to reconfigure how peo-
ple, governments and the industry will be governed in 
the future. For example, it has often been recognized 
that the role of 6G as an enabling technology needs to be 
developed in accordance with the relevant UN SDGs in-
cluding, but not limited to the new governance paradigm 
on energy efficiency, recycled materials, non-toxic leak-
age, inclusiveness, partnerships, privacy/security, and 
democracy. Thus, high-end novel technology solutions 
enabled by 6G such as telepresence and mixed reality, 
accurate positioning, wearable displays, mobile robots 
and drones, specialized processors, and next-gener-
ation wireless networks will raise new questions with 
regards to law, privacy, values, corporate accountability 
and government transparency. The first 6G White Paper 
[Latva-aho & Leppänen 2019] outlined that the current 
smart phones are likely to be replaced by pervasive XR 
experiences with lightweight glasses delivering unprec-
edented resolution, frame rates, and dynamic range. But 
at the same time, we must ensure that 6G is developed 
keeping mind the UN SDGs for example to work towards 
maximum coverage/connectivity also in rural areas.

4.2.4 Linkage between the UN SDGs and 6G

The starting point in finding novel linkages between 6G 
and the UN SDGs was to see which targets, and more 
specifically, which indicators 6G can impact. The expert 
group looked into where 6G can impact the indicators 
by identifying what 6G can do to influence the indicators 
[UN 2017] to meet the given UN SDG targets. The expert 
group used the developed three-tier analytical frame-
work of 6G when examining the linkages between indi-
vidual targets and their indicators. First a set of goals was 

selected based on the input of the expert group, then the 
targets for these goals were examined together with the 
matching UN indicators, and finally a framework of how 
6G can either 1) provide services to help steer commu-
nities and countries towards reaching the SDGs, or 2) 
enable measuring for data collection to help reporting of 
indicators, or 3) reinforce a new technological ecosystem 
to be developed in line with the UN SDGs. When doing 
this, the cross-cutting issues (entry points for transfor-
mation) as suggested by the UN Global Sustainable De-
velopment Report [UN 2019b] were considered. These 
are: human well-being and capabilities, sustainable and 
just economies, food systems and nutrition patterns, en-
ergy decarbonization with universal access, urban and 
peri-urban development and global environmental com-
mons and are summarized in Fig. 1-1. Table 4-3 presents 
examples of the developed linkages for the selected 
goals so that they present each of the entry points. These 
examples serve as the starting point for a more detailed 
mapping of 6G with the UN SDGs that we encourage the 
wider community to work on.
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UN Targets UN Indicators 6G can

1.3 
Implement national-
ly appropriate social 
protection systems 
and measures for all, 
including floors, and by 
2030 achieve substan-
tial coverage of the poor 
and the vulnerable

1.3.1 
Proportion of population 
covered by social pro-
tection floors/systems, 
by sex, distinguishing 
children, unemployed 
persons, older persons, 
persons with disabili-
ties, pregnant women, 
newborns, work-injury 
victims and the poor and 
the vulnerable

Achieve better prevention measures by enabling 
self-risk and self-awareness through remote learning.

Extend the use of remote eHealth services and 
diagnostics.

Create new labor markets for remote rural areas 
enabled by smart farming and autonomous control 
systems.

Bolster the connectivity of production and con-
sumption markets with the use of autonomous 
vehicles.

Achieve real time communication infrastructure be-
tween institutions (hospitals, schools, governments) 
to enable better analytics and predictions.

1.2 
By 2030, reduce at least 
by half the proportion 
of men, women and 
children of all ages 
living in poverty in all its 
dimensions according 
to national definitions

1.2.1 
Proportion of population 
below the international 
poverty line, by sex, age, 
employment status and 
geographical location 
(urban/rural)

1.2.1 
Proportion of population 
living below the national 
poverty line, by sex and 
age

Expand the connections between people with pro-
cesses, data, and businesses.
 
Help incorporate one-man shops into the market.

Facilitate the use of micro-payments and digital 
money.

Provide advanced life-long learning opportunities to 
previously marginalized areas.

Help train local educators with remote virtual plat-
forms.

Maximize the use of ICT by delivering virtual compu-
tational power to remote areas.
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3.3 
By 2030, end the 
epidemics of AIDS, 
tuberculosis, malaria 
and neglected tropical 
diseases and combat 
hepatitis, water-borne 
diseases and other 
communicable diseases

Provide digital health solutions that will increase 
self-awareness of risks.

Deliver eHealth monitoring services (bloodsugar, 
liver, heart) to mothers and children during and after 
pregnancy.

Enable e-registers for monitoring the availability of 
vaccines. 

Help implement a global early warning alerting 
mechanism. 

Enable real-time communication between hospitals 
for sharing of information about positive cases and 
availability of medical resources.

Accelerate scientific breakthroughs with increased 
sharing of information and computational resources. 

Support remote learning, diagnostics, and training 
to medical staff and nurses. 

Provide hyperlocal notifications and contact tracing 
capabilities in regions where electricity and commu-
nication networks are unreliable. 

Deploy unmanned vehicles for food and medical 
deliveries in lockdown areas. 

4.2 
By 2030, ensure that 
all girls and boys have 
access to quality early 
childhood development, 
care and pre-primary 
education so that they 
are ready for primary 
education

4.2.1 
Proportion of children 
under 5 years of age 
who are developmen-
tally on track in health, 
learning and psycho-so-
cial well-being, by sex

4.2.2 
Participation rate in 
organized learning (one 
year before the official 
primary entry age),  
by sex

Increase access to remote learning and develop-
mental activities to children under 5 years.

Enable improved socialization through virtual inter-
actions.

Improve remote access to pediatrics in locations 
with poor connectivity.

Facilitate remote and virtual training of local pedia-
tricians.

Help improve and develop the knowledge and skills 
of local medical community.

Deliver prosthetic technologies to support handi-
capped children.

Permit family and experts to monitor the cognitive de-
velopment of children with Brain-Computer Interfaces.

Help coordinate virtual meetings for preschoolers.

3.3.1
Number of new HIV 
infections per 1,000 
uninfected population, 
by sex, age and key pop-
ulations 

3.3.2
Tuberculosis incidence 
per 100,000 population

3.3.3
Malaria incidence per 
1,000 population

3.3.4
Hepatitis B incidence 
per 100,000 population

3.3.4
Number of people 
requiring interventions 
against neglected tropi-
cal diseases

UN Targets UN Indicators 6G can
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Table 4-3. Mapping of 6G with UN SDG framework targets via indicators.

7.3 
By 2030, increase sub-
stantially the share of 
renewable energy in the 
global energy mix.

7.2.1 
Renewable energy share 
in the total final energy 
consumption

7.3.1  
Energy intensity mea-
sured in terms of prima-
ry energy and GDP

Help modernize power grids to improve efficiency 
and sustainability at lower cost (smart grids).

Provide support for autonomous system control 
with faster distributed measurement technologies.

Enable scheduling and connectivity with domestic 
appliances.

9.c 
Significantly increase 
access to information 
and communications 
technology and strive 
to provide universal and 
affordable access to the 
Internet in least devel-
oped countries by 2020

9.c.1 
Proportion of population 
covered by a mobile net-
work, by technology

Help telecommunication operators achieve greater 
mobile network coverage enabling access also to the 
most remote areas.

Increase the percentage of inhabitants living within 
the range of mobile-broadband network.

Improve market competition by enabling smaller 
operators to participate in vertical markets. 

11.5 
By 2030, significantly 
reduce the number of 
deaths and the number 
of people affected and 
substantially decrease 
the direct economic 
losses relative to global 
gross domestic product 
caused by disasters, 
including water-related 
disasters, with a focus 
on protecting the poor 
and people in vulnerable 
situations

11.5.1
Number of deaths, 
missing persons and di-
rectly affected persons 
attributed to disasters 
per 100,000 population

Facilitate immersive virtual training to front line 
practitioners. 

Implement rapid deployment force of autonomous 
and unmanned rescue vehicles in disaster areas to 
maximize the discovery of missing persons.

Help create radio technology to locate trapped victims.

Develop hyperlocal warning and emergency alert 
systems that prevent deaths.

Improve personal awareness of risks.

Improve connectivity in disaster areas where energy 
and communication sources are damaged.

Enlarge existing disaster risk reduction strategies 
by providing remote training to local governments.

Improve national, regional and multinational disas-
ter coordination system.

UN Targets UN Indicators 6G can
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4.3 Possible 6G Indicators

The White Paper Expert Group produced an extensive 
list of indicators that either measure the development 
or the performance of 6G aligned with the UN SDGs, 
or the value it can provide to the advancement of the 
sustainable development goals. In order to classify the 
proposed 6G indicators, we used our three-tier analyti-
cal framework from Section 4.2 together with the entry 
points discussed in Chapter 1 and inserted the suggest-
ed indicators in the relevant categories.

It has already become visible that wealth generated 
by economic growth will become concentrated in the 
hands of a shrinking minority and that rates of growth will 
be low in Western countries. Boundaries to growth will 
be set by, for example, the ageing population especial-
ly in the Western countries and our planet’s ecological 
carrying capacity all around the world. This means that 
statistical indicators of well-being and genuine devel-
opment will take on a more important role8. Based on 
our work it seems that the proposed indicators for 6G 
already reflect this vision: most of the suggested indi-
cators measure the services 6G can provide to enhance 
human well-being.

Table 4-4 presents the new 6G related indicators de-
veloped within the expert group for each of the entry 
points. The entry points were used in the classification 
of indicators because they are cross-cutting for all 17 
goals and offer a more holistic view. The entry points 
are described in more detail in [UN 2019b, pp. 163-71] 
and summarized in the table. Looking at the indicators 
through the entry points also ensures the creation of a 
framework where no individual goal is overly advanced 
at the cost of another. Having indicators for different en-
try points allows us to set target values that tackle more 
than just one goal at a time. We present indicators that 
can be measured in numbers but there are many funda-
mental issues such as the availability of a certain 6G en-
abled service or the coverage that can be measured by 
simply answering yes/no. The latter should provide the 
baseline for numeric indicators. 

It should be noted that Table 4-4 presents a very pre-
liminary view on possible 6G related indicators that act 
as the opening of the debate on what kind of indicators 
should be defined for 6G while taking into account the 
growing importance of meeting the UN SDGs. They are 
not necessarily specific to future 6G technologies. In 
addition, no target values have yet been defined for the 
indicators. We invite the wider community to develop 
6G-specific indicators aligned with the UN SDG devel-
opments towards 2030.

8 https://media.sitra.fi/2020/03/04130112/ 
2021544megatrendikortit2020enverkko.pdf

https://media.sitra.fi/2020/03/04130112/2021544megatrendikortit2020enverkko.pdf
https://media.sitra.fi/2020/03/04130112/2021544megatrendikortit2020enverkko.pdf
https://unstats.un.org/sdgs/metadata/
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Human well-being and 
capabilities

The availability of ap-
propriate technologies 
and services related to 
quality basic services: 
health, education, water, 
sanitation, energy, disaster 
risk management, ICT, ade-
quate housing and social 
protection (Yes/No) and 
the number of provided 
6G enabled services for 
example: the number of 6G 
enabled eHealth services.

The number of digital 
mobile telecommunica-
tion education utilizing 
disruptive technologies. 

Proportion of e-learning 
material to be used with 
a mobile device with a 
mobile connection out 
of necessary learning 
material; proportion of 
accessible material (for 
people with disabilities), 
in different languages.

The number of stan-
dardized procedures to 
report violence/ harmful 
practices against girls/ 
women, human traffick-
ing etc. via mobile app.

The number of people 
working remotely.

The number of 6G 
holographic telepres-
ence access points per 
population.

The price of connections 
compared to a commod-
ity (e.g. connection price 
vs. 1 kg rice).

Mobile coverage.

Mobile area coverage.

6G transmitting sensor 
data on: living condi-
tions (temperature, 
humidity, inhabitants per 
m2) etc.; natural disas-
ters, diseases (epidem-
ics); mobility of humans 
& animals; quality of 
water, air etc. 

6G sensing data using 
radio waves for sensing 
purposes. 

Price of connectivity.
 
Affordable technolo-
gies/ devices.

Price of privacy.

Entry points from 
[UN 2019b]

6G as a provider 
of services 

6G as an 
enabler of hyperlocal 

measuring tool

6G as a reinforcer of an 
ecosystem aligned with 

the SDGs
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Sustainable and just 
economies 

Mobile subscription 
considered a basic need 
in any given society 
(yes/no). 

Unrestricted access 
to Internet and mobile 
services (yes/no).

Number of mobile birth 
registrations and per-
sonal electronic identi-
fication.

Availability of public 
mobile services such 
as tax/license services, 
census, banking etc.

Availability of mobile 
financial transactions 
(micro payments) 
(yes/no).

Number of mobile 
services supporting 
circular economies.

Data subscription mod-
els available and their 
relative proportion.

Use of data (i.e., what 
subscription models 
poor people use, do they 
even have access to 
data, who uses the data, 
only the rich?).
 
Percentile of mobile de-
vices suited for browsing 
and rich data consump-
tion (chiefly: screen 
size and resolution) e.g. 
browsing/web sites, vid-
eo consumption, gam-
ing, video calls for work 
and social purposes.

Share of value in the 
mobile ecosystem: 
distribution of monetary 
value gained and spent 
per actor in the mobile 
ecosystem (infrastruc-
ture providers such as 
electricity, operators; 
device manufacturers; 
retailers; remanufac-
turers; second-hand 
sellers; end-of life ma-
terial recyclers; content 
providers; users; etc.).

Distribution of mobile 
terminals by price 
(how many expensive 
terminals are bought in a 
country).

% global coverage cov-
ered by 6G. 

Business models of op-
erators (just or not)?

Circular economies in 
6G devices.

E-waste management of 
new devices.

Entry points from 
[UN 2019b]

6G as a provider 
of services 

6G as an 
enabler of hyperlocal 

measuring tool

6G as a reinforcer of an 
ecosystem aligned with 

the SDGs
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Food systems and 
nutrition patterns

Percentage of mobile 
devices with apps to 
provide information on 
nutrition.
 
Availability of public 
mobile services such 
as weather forecast for 
farmers.

Amount of food waste 
in kg in grocery stores/
restaurants using ap-
propriate mobile apps to 
circulate food going to 
be wasted.

Use of smart digital 
labels.

Number of IoT devices 
for agriculture purposes.

Percentage of farms 
that are covered by IoT 
services.

Number of registered 
users using apps on 
weather forecasts, to 
circulate food.

Data gathered from 
the use of smart digital 
labels.

Data gathered from sen-
sors used in agriculture 
(for instance the use of 
fertilizers).

Number of non-toxic, 
non-leaking devices.

New technologies, e.g. 
sensors working in 
harsh conditions.

New sensing functions 
(device-free) integrated 
in the mobile communi-
cation systems.

Energy decarbonization 
with universal access

Number of mobile apps 
that help to reduce en-
ergy consumption.

Number of sensors 
monitoring energy con-
sumption.

% reduction of energy 
consumption kWh.

% increase of energy 
efficiency.
 
% reduction of energy 
consumption due to 
new functions to avoid 
energy consumption.

Entry points from 
[UN 2019b]

6G as a provider 
of services 

6G as an 
enabler of hyperlocal 

measuring tool

6G as a reinforcer of an 
ecosystem aligned with 

the SDGs
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Entry points from 
[UN 2019b]

Global environmental 
commons

Coverage of monitoring 
systems used for pro-
tecting fauna and flora.

Apps to report observa-
tions related to environ-
mental changes.

Coverage of IoT services 
for inhabitants.

Number of sensors mon-
itoring fauna and flora.

Number of people/ us-
ers reporting their local 
observations related to 
environmental changes 
with mobile devices/ 
apps.

Number of homes using 
a certain defined level 
of IoT (electricity, water 
consumption, waste 
management).

Percentage of recycled 
materials in new 6G 
devices.

Reductions in energy 
consumption in mobile 
phones, base stations, 
and batteries.

Reductions in energy 
consumption due to 6G 
mobile networks.

Table 4-4. 6G indicators per entry points to UN SDGs.

6G as a provider 
of services 

6G as an 
enabler of hyperlocal 

measuring tool

6G as a reinforcer of an 
ecosystem aligned with 

the SDGs

Urban and peri-urban 
development

Number of autonomous 
vehicles.

Number of seamless 
transport systems.

Unrestricted access 
to internet and mobile 
services (yes/no).

Area coverage to 
include the rural areas 
where agriculture, 
forestry and tourism are 
big industries.

Number of operators 
operating in the region.
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The UN SDGs form the blueprint for a better and more 
sustainable future for all [UN 2019a], and the mobile 
communications sector will be in a unique position to 
contribute to their achievement with the ongoing de-
ployment of 5G networks and the recently started re-
search and development of 6G. However, we also iden-
tify a number of issues that, unless properly addressed, 
will diminish 6G’s potential contribution. Reflecting on 
the megatrends identified in [Dufva 2020], we can point 
out a number of challenges that 6G design should ad-
dress. In revisiting the Quintuple Helix model [Carayan-
nis et al. 2012] for 6G-driven sustainable development 
presented in Chapter 3, we can identify inherent chal-
lenges within each subsystem (see Fig. 5-1) that may 
contribute to undermining 6G’s utility for enhancing the 
systemic synergy of knowledge, know-how, and inno-
vation that is required for the sustainable development 
of 6G. In this chapter, the key challenges associated 
with each subsystem are identified and discussed in 
more depth. 

5.1 Political, legal and regulatory 
challenges

Technology is embedded in political, legal and regula-
tory systems but it is growingly seen as a geopolitical 
issue of power raising concerns over future resource 
orchestration. Many questions arise including: Who will 
own the accumulating data? Who will get to decide on 
technology and who sets the rules and regulation? Spec-
trum management is at the heart of 6G and any wireless 
technology development and it will face challenges due 
to a wide variety of spectrum bands with highly distinct 
deployment characteristics and spectrum access mod-
els with different levels rights and the need for spectrum 

sharing, see [Pärssinen et al. 2020] for more details on 
6G spectrum discussions. The advanced capabilities of 
6G will benefit from a fiber backhaul that connects the 
distributed radio network to the core network. The chal-
lenge is that even leading economies have a relatively low 
fiber penetration because of underinvestment in pure 
fiber networks. 6G will likely combine a range of radio 
access network technologies from macro cells to small 
cells with very high-capacity short-range links, the latter 
offering denser coverage than 5G and increased capaci-
ty and quality of service. Small cell network architectures 
will be deployed first and foremost to urban centers and 
indoors where the natural demand for high bandwidth 
capacity and low latency is at the highest. Dense small 
cell deployments have usually been hindered by various 
factors including regulatory barriers and inconsistent lo-
cal approval processes9. The impact of these inhibitors 
may be more pronounced for the required hyperdense 
small cell deployments in 6G.

On the other hand, 6G technology could bring a regula-
tory disruption allowing advanced specialized networks 
in a network-of-networks topology. Such sub-networks 
could be operated by various municipalities, commu-
nities or enterprises. Some indications of this are al-
ready visible as cities are investing increasingly more 
in fiber optical infra to enable communication of sen-
sors, which they have installed in various properties 
and in traffic infra.

5.2 Economic challenges

When analyzing the scenarios concerning the redef-
inition of the economy, a variety of factors supporting 
the achievement of the UN SDGs are encouraging, see 

Key challenges 5

9 Global5G.org White Paper on Small Cells - How Europe can accelerate network densification for the 5G Era, July 
2019. http://global5g.org/small-cells

http://global5g.org/small-cells
https://unstats.un.org/sdgs/metadata/
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[Yrjölä et al. 2020] for details. Open value configuration 
and open source principles may lead to high impacts. 
Similarly, crowdsourcing and crowdfunding may enable 
unprecedented innovations and industry 5.0 is expect-
ed to lead to revolutionary things. However, there are 
concerns about how the anticipated business models 
are realized. Given the global trend on the impact of 
platforms, a common concern is how local societies can 
be empowered.

Affordability will be another challenge for 6G as the 
strengthening of relative power towards the 2030 power 
configuration is transforming from a multipolar world to 
a poly-nodal world and that power will be determined in 
economic, technological and cultural networks and the 
interaction that occurs on them. Previously public net-
work funding has been allocated to areas with low or 
no coverage, which has recently been changed to favor 
e.g. smart city development, worksites and ecosystems. 

Identified key challenges within the Quintuple Helix model for 6G-driven sustainable development. 
Framework adapted from [Carayannis et al. 2012, p. 7].
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There is a real risk that the digital divide will grow be-
tween regions unless the 6G family of standards does not 
allow for affordable solutions, and address how barriers 
to digitalization can be overcome. Aspects here include 
community networks, a freemium model for access and 
information spots in rural areas to empower local com-
munities, see [Saarnisaari et al. 2020] for more details on 
6G for remote area connectivity.

Subsequent to telecommunications market liberalization 
in the 1990s, the deployment of mobile communication 
infrastructure has been driven by business perspectives, 
which has ensured competition and lower prices. On the 
other hand, the communication infrastructure should be 
revisited as a natural monopoly like any other essential 
infrastructure such as sanitation or energy with munic-
ipal governance. In addition to being fully controlled by 
commercial operators, mobile services could be also 
operated by municipalities or local communities, which 
could favor more equal access to the services. Naturally, 
this assumes that the instruments for funding the infra-
structure investments exist. However, the investment 
would pay back in societal development by improvement 
of education, health care, safety or digitalized agriculture 
and industry. However, as can be learnt from the under-
performing telco monopolies in the 60s, a superior ap-
proach may be to frame regulation in the right way while 
continuing with a private sector approach in line with 
such framework.

5.3 Societal challenges

The megatrend addressing digital empowerment and 
diversification of the population anticipates that learn-
ing capabilities will play a key role in the future, which 
means educational structures and policies will need 
to be revisited. Even if the educational methods take a 
huge leap with holopresence, AI and digital twins, high 
technology will not be available equally to all who need 
it. The trends in mobile only for the next billion users 
will take monumental efforts and a significant change 
of paradigms.

Mere access to information is not enough, rather tech-
nology should help people towards acting and collab-
orating to achieve sustainability goals in unison. To 
trigger and prioritize the actions, a change in mindset 
is needed from business only to business objectives 
framed by and consistent with societal objectives. 
Often, mobile communication has been considered 
a luxury need, but today after five decades of mobile 
technology there is plenty of evidence that mobile tech-
nology is a pervasive enabler of basic human needs and 
assuring better standard of life.

Ensuring, demographic equality is another significant 
societal challenge: Gender gaps in literacy and political 
power, and lack of diversity in the composition of innova-

tion teams may harm the development of 6G use cases 
concerning the attainment of sustainable development 
goals. Ensuring native security and data privacy is also 
a key challenge in 6G that calls for global standards and 
joint regulations. Advanced technologies should be con-
sidered as the network architectures evolve in the future.

5.4 Technological challenges

To address issues related to sustainability we may need 
consider both dimensions of technological capability 
and service attributes such as coverage, latency and reli-
ability. In many cases quite a basic service delivered such 
as >100 MB/s broadband access to the entire world’s 
population could boost the potential for business, edu-
cation, health, and further. For these cases, the challenge 
boils down to providing connectivity at a sustainable 
cost, which is a big challenge but not a new one. It can 
be addressed by several new aspects of 6G: integration 
of new accesses such as satellites and high-altitude 
platforms (HAPs), cost efficient transport and low-con-
sumption nodes. Other challenges can better be ad-
dressed by new specific technological components with 
a more dedicated coverage, for instance in homes, on 
streets, industries, etc. This could include new spectrum 
for access, new advanced antenna techniques, precise 
localization and sensing. Many solutions would be on an 
intermediate level on both scales, meaning new capa-
bilities with a wide service coverage, such as advanced 
broadband provided in populated regions of the world. 
Global sensors would represent an extreme on both 
scales, requiring both extremely low consumption and 
extreme coverage.

The 6G era envisions device densities of 1,000 connect-
ed devices per human or 100 devices per m3 [Latva-aho 
& Leppänen 2019, p. 14]. Every connected device in a 
hyperlocal, local community or city context presents a 
potential entry point to our most sensitive and personal 
data. The continuously evolving hyperconnected land-
scape will expand beyond the contemporary networks 
in use today. These developments will lead to new types 
of threats and increase the complexity of security, pri-
vacy and trust issues and the respective mechanisms 
to counter the threats, see [Ylianttila et al. 2020] where 
research challenges for 6G are discussed in more detail. 

5.5 Environmental challenges

While technology is increasingly embedded in every-
thing, resources should be used more sparingly (ecolog-
ical reconstruction) and shared more fairly to close the 
sustainability gaps. This calls for international consensus 
at a time when relational power is strengthening and be-
coming more diverse. 

When it comes to ecological reconstruction, energy 
consumption in all forms will be a key issue for 6G. While 
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technology offers new solutions for conserving energy, 
increasing the capabilities of technology and increasing 
the use of technology also simultaneously increases the 
demand for energy. Therefore, new standards should 
seek step-change improvements in performance beyond 
that achieved by 5G. New KPIs must also be developed 
for measuring the energy consumption, see [Mahmood 
et al. 2020]. A ten-fold increase in broadband capacity 
calls for a comparable increase in energy efficiency per 
bit to make 6G carbon neutral. Furthermore, the antici-
pated 6G hyperdense network deployments and device 
densities would further exacerbate an already critical 
e-waste management challenge, necessitating more 
radical circular approaches.
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To truly succeed in achieving the UN SDGs, the mobile 
communication sector needs to undergo major paradigm 
shifts to enable affordable access to broadband commu-
nication almost everywhere for almost anyone. The par-
adigm shifts and change in thinking about our route to 
6G needs to happen for all the stakeholders identified in 
Chapter 2: research and educational organizations; gov-
ernmental, regulatory and standardization organizations; 
users; industry including e.g. mobile network operators, 
network equipment manufacturers, and application and 
service providers; verticals, and other business drivers. 
The motto that should drive all the stakeholders is: “How 
to provide more for less for more people in a sustainable 
manner?” In short, how to make the next generation of 
wireless affordable without diluting the performance re-
quirements while including a new breed of social impact 
indicators which are not always directly quantifiable in 
terms of money.10

Pure business-driven operations where infrastructure, 
access and services are primarily dependent on the 
MNOs’ business decisions have resulted in situations 
where the challenge areas with less revenue potential 
still remain underserved. Therefore, the achievement of 
the UN SDGs calls for new societal models including, 
e.g., community-driven networks whose emergence is 
dependent on the underlying regulatory environment. 
These challenge areas exist even in developed coun-
tries where the gap between rural and urban areas is 
not yet bridged. For example, one critical point is the 
availability of spectrum which is in the hands of regula-
tors. Concrete actions are needed in making spectrum 
available for networks in a flexible manner and not only 
to the existing MNOs. Different actions are needed for 
rural and urban challenges.

Research and educational organizations. The global launch 
of the 6G research originates from the research commu-
nity11 and the need for the research community to contin-
ue driving the 6G research is evident. Unbiased research 
and the facilitation of stakeholder interactions for the de-
velopment of 6G that are not purely commercially driven 
are important especially in the early stages of 6G. Novel 
ideas and out-of-the box thinking on various aspects of 
6G need to flourish and to allow broad discussions on 
the most promising and even surprising combinations of 
technology components needed to make 6G a reality.

Governments, including policy makers and regulators. 
Governments need to lead from the front and in a pro-ac-
tive manner with long-term visions of the role of ICT and 
more specifically future 6G in achieving the UN SDGs 
and they need to formulate policies and regulations to 
get there instead of being purely reactive. For example, 
it will be essential to formulate policies that will give a 
boost to locally deployed networks by different stake-
holders, moving away from a one regulation one country 
approach to multiple regimes for the same country opti-
mized for different target user groups and regions. Also 
needed will be inter-operator roaming solutions that 
encourage local and private networks, as well as free or 
low-cost use of the radio spectrum to provide coverage 
to rural areas. Furthermore, this will require more revolu-
tionary out-of-the-box thinking to not just auctioning na-
tionwide spectrum licenses to raise income for the states 
but to make it available in alternative and shared ways to 
be treated as public and natural resource, like light, air 
and water. This would help to bring down the cost of ser-
vice for everyone. In short, public policies and regulations 
with long-term objectives must drive the business and 
deployment of mobile networks, rather than vice versa.

Preliminary action plan 
for different stakeholders 6

10 https://www.accessnow.org/cant-reach-u-n-goals-sustainable-development-without-internet/ 
11 www.6gflagship.com

https://www.accessnow.org/cant-reach-u-n-goals-sustainable-development-without-internet/
http://www.6gflagship.com/
https://unstats.un.org/sdgs/metadata/
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Standard developers. Traditionally, performance require-
ments and applications have driven the development of 
every generation of wireless networks and their societal 
impact has been an afterthought. This should change as 
the industry embarks on developing 6G standards. The 
goals to achieving the UN SDGs should first and fore-
most concern developing standards, and as specifically 
stated in the first 6G white paper [Latva-aho & Leppänen 
2019] it should be about societal impact and well-be-
ing, and should include new indicators. The inclusion of 
crowd sourcing and user involvement (i.e., communities) 
should be an integral part of the future open standards 
development process; it should not just involve technol-
ogy experts.

Users. We expect a massive expansion in human possi-
bilities in the way humans will be able to act and interact 
across physical, digital and biological worlds. The trans-
humanism trend reflects the rise of technology-driven 
evolution at an unprecedented speed of change, propel-
ling deeper questions into what it is to be human from 
biological, behavioral, and human-machine-interfacing 
perspectives. By 2030 we could find a greater societal 
focus on sustainability, as well as the nature of humanity, 
values, creativity and self/social fulfillment and empower-
ment, calling for a human-centered computing approach 
and human-centered 6G development. It is essential to 
consider the wide variety of humankind and potential 
future users of technologies: who they are, what kind of 
factors help in their inclusion or cause their exclusion, and 
how we can empower them to critically reflect and eval-
uate their technology-rich everyday life and role of tech-
nology in it, and in the whole society. Unless every person 
has access to affordable broadband Internet and uses it 
in their daily life, the mission of achieving the UN SDGs 
would remain a distant dream. Therefore, this should be a 
key requirement as 6G is developed. All those users who 
still do not use the Internet by choice or for other reasons 
(e.g., lack of access, affordability, digital literacy) should 
be offered incentives to experience the Internet for free. 
This would let them know how it can improve their quality 
of life. Governments and service providers need to launch 
public awareness campaigns and make investment, e.g., 
in every school to have digital connectivity.

Mobile network operators. MNOs need to realize that 
meeting the UN SDGs would increase the size of the 
total available market size with possibilities to offer a 
completely new breed of applications and services at a 
price point that would be affordable and yet profitable 
because of the increased customer base, increased 
brand loyalty and potentially by increasing the pricing 
plans as the subscribers become wealthier and better 
educated. Rather than planning and deploying the same 
network solution in rural and under-connected regions 
as in the urban metropolitan areas, they ought to employ 
a more flexible approach to network design customized 
for different rural and suburban sections of the popula-

tion. This should look at aspects such as the terrain, avail-
ability of the power grid, demographics and the capac-
ity to absorb digital technologies. Some examples are 
the use of shared spectrum, edge computing/caching, 
renewable energy, and crowd sourcing to build a more 
cost-effective network architecture. Partnering with the 
government, industry and local community would ensure 
that everybody’s expectations are met in a sustainable, 
secured and trustworthy manner. An eco-system of local 
operators to complement existing MNOs needs to flour-
ish to enable scale and faster times to deployment with 
equitable revenue sharing models.

Network equipment manufacturers. Although there are 
equipment manufactures of all technologies, they are 
generally optimized for urban areas and the digitally lit-
erate section of society serving a large number of sub-
scribers. Manufacturers should cost-optimize these 
network elements for low-density sparse service areas, 
rather than strip down the equipment designed for urban 
metropolitan users. To keep the capital cost of network 
equipment down, there will probably need to be better 
cost sharing between manufacturers and service provid-
ers such that the equipment is paid for over a period of 
time rather than upfront. There could possibly be innova-
tions in business models concerning where the revenue 
is shared between the two. 

Application and service providers. 6G will enable a new 
set of applications and services that are based on 6G 
networks’ ability to merge communication services 
with other capabilities such as accurate positioning and 
high-resolution imaging. For the various users of 6G in 
developed and developing worlds, the UIs need to be 
more user friendly, with audio/video-based interaction, 
automatic language translation and minimizing text-
based (involving reading and writing) input-output, pri-
marily for those who are not literate. Solutions to authen-
tication and security must be simplified to match the 
digital capacity of the users, especially in the developing 
world. There is also a need to move away from charging 
the user for the application to charging the content pro-
vider and/or relying more on advertising revenue. Many 
of the applications helping users improve their quality 
of life (through support of many of the UN SDGs) can be 
made available for free from the service provider cloud 
(as digital public goods, DPGs) or government owned 
content servers in the cloud.

Verticals. Vertical industries and their public sector coun-
terparts including stakeholders from areas such as auto-
motive, healthcare, energy and other sectors will be the 
future users of the 6G technology. Adopting national and 
international level agreements for inherent changes that 
need to take place to meet the UN SDGs places signifi-
cant economic constraints on the verticals. To transform 
their operations to meet the UN SDGs, the verticals will 
need to take everything the future technologies can offer. 
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Therefore, verticals need to engage early on in the pro-
cess of 6G development and not wait for the telecommu-
nications industry to define what 6G can bring for them. 
Also, special purpose 6G networks will be operated in 
the verticals and the various applications tailored for ver-
ticals’ use will be running on the 6G networks. Therefore, 
the verticals should take an active role in 6G.

Additionally for the whole 6G ecosystem, there is a need 
to think of out-of-the-box and create new collaborative 
business models. For example, these could include: us-
ers as part of the revenue eco-system, federated deploy-
ment and interconnection of user equipment, a barter 
system of credits in money and goods, as well as direct 
negotiation between users and content providers or in-
dustry verticals. Another good example is emerging in 
the power industry with micro-grids, which ought to be 
looked into in the telecoms industry. Freemium models 
and free access to the Internet for basic content (i.e., 
non-video content) would help accelerate the subscriber 
base among the digitally disadvantaged. Free Internet in 
areas of extreme poverty would increase the possibility 
for providing education and business opportunities for 
people without means. The use of the cloud, block chain, 
edge computing, AI and other technologies should be 
leveraged to bring about a complete transformation in 
the mobile industry to democratize it with some control 
given to the users. At the present time, the industry, i.e., 
the mobile service providers have a monopolistic con-
trol over the subscriber base. This has been broken to 
some extent with the broadband mobile Internet due 
to net-neutrality. However, there is still a long way to go 
when it comes to network infrastructure deployment and 
revenue sharing. 
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This white paper has launched the process of develop-
ing a linkage between 6G and the UN SDGs that are both 
targeted for 2030. This has turned out to be a complex 
task as the UN SDG framework comprehensively consid-
ers societal challenges and the development of 6G is still 
at an early stage. However, the role of telecommunica-
tions is inevitable when aiming to meet the UN SDGs. To 
bridge the gap, the role of 6G is here proposed to be seen 
to consist of three distinct viewpoints: 6G as 1) a provid-
er of services to help steer communities and countries 
towards reaching the UN SDGs, 2) to enable measuring 
tools for data collection to help reporting of indicators 
with hyperlocal granularity, and 3) as a reinforcer of a new 
6G ecosystem to be developed in line with the UN SDGs. 
By looking into where 6G can impact the indicators de-
fined in the UN SDG framework from these viewpoints, 
we have outlined connections between 6G and the UN 
SDGs. This white paper has also started to derive a new 
set of indicators for 6G which are not yet included in the 
UN SDG framework or in the development of prior gener-
ations of mobile communication networks. A number of 
research questions for the future remains to be explored 
including the following:

• What is the role of 6G in meeting the UN SDGs?
• What are proper indicators for 6G?
• How can the public and private sector work together to 

build the most powerful 6G vision with the maximum 
UN SDG impact?

• How to avoid global fragmentation of both the UN SDG 
and 6G technology evolution?

• What roles should the different stakeholders take in 
the sustainable development of 6G?

• What are the roles of researchers and the research 
infrastructures and practices in the development of a 
sustainable future with 6G?

• How can the development of 6G and related technolo-
gies be optimized in the specific areas of the UN SDGs, 
such as climate change?

• How can the goals related to human and society devel-
opment be achieved and how can bridges be created 
between human sciences, people as users of the tech-
nology and 6G developers in academia and beyond?

• How can the young generation be empowered to con-
tribute to human-centered 6G development targeting 
the UN SDGs and the needs of those being marginal-
ized or disadvantaged?

Concluding remarks 7
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