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The path to 6G 
SUMMARY 
The European Union needs high-performing digital connectivity infrastructure to give all citizens 
the best access to digital services and to maintain prosperity. In the relentless pursuit of innovation 
and connectivity, the development of mobile communications technologies has been a defining 
force in shaping the way we communicate, work, and live. 

As the 2030s approach, the groundwork for the next frontier in mobile communications is being laid 
– the era of 6G. Building upon the successes and advances of previous mobile generations, 6G 
promises to revolutionise the connectivity landscape. From ultra-high data rates and low-latency 
communication to the integration of artificial intelligence, 6G is poised to reshape the way we 
interact with the digital world. 

However, with the promise of unprecedented capabilities comes a host of challenges. Critical 
aspects that demand attention in the development of 6G networks are privacy and cybersecurity. 
As 6G aims to push the boundaries of connectivity, enabling innovations such as holographic 
communication, seamless extended reality, and the integration of artificial intelligence (AI) on a 
massive scale, the potential risks to privacy and cybersecurity are magnified (e.g. mass data 
collection). Another critical aspect is its environmental footprint. While 6G aims for energy efficiency, 
the increasing demand for data and connectivity may still pose challenges related to energy 
consumption. Balancing technological progress with environmental considerations remains a key 
objective for the development of 6G. 

Countries and companies that lead in 6G development and deployment are expected to gain a 
competitive edge in terms of technological innovation, economic growth, and influence in shaping 
global standards. The global race to 6G has already begun. 
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Introduction  
High-speed and reliable connectivity is at the root of digital transition. The EU has set 'digital decade' 
targets, including providing all EU households with access to a fixed gigabit network (1 Gbps) and 
all populated areas with 5G coverage by 2030. As far as mobile technology is concerned, however, 
the EU is still far from achieving the latter target. According to the European Commission's state of 
the digital decade report of September 2023, 5G is available to 81 % of the EU population but the 
figure drops to 51 % in rural areas. In addition, the deployment of 5G stand-alone networks (also 
called 'true' 5G) – which solely use 5G both at radio access and core network level, without relying 
partially on 4G infrastructure – is lagging (56 % of the EU population).  

Nonetheless, a new hyper-connected 6G world might begin to see the light in 2030. Thanks to 
technological advances towards faster and more reliable connectivity, vertical applications such as 
autonomous vehicles, 8K virtual reality headsets, hologram devices, the metaverse and remote 
surgery (e.g. eHealth), might become part of our daily life. According to the Radio Spectrum Policy 
Group's report of June 2023, the evolution of 6G technology is well under way. The start of 
standardisation work for 6G is expected by 2025, and its commercialisation around 2030. 

Figure 1 – Evolution in legacy mobile networks 

 
Source: Nokia – 6G explained. 

New mobile communications systems have appeared about every 10 years, evolving from 2G to 5G 
generations (Figure 1). Bringing significantly clearer digital voice calls, 2G allowed users to send text 
messages (SMS) for the first time. Connecting mobile phone to the internet was then possible thanks 
to the upgrade to 3G. High-quality video streaming (e.g. helping the proliferation of social media 
platforms such as Facebook and TikTok) and machine-type-communications (MTC) followed with 
4G, whereas 5G is associated with the Internet of Things (IoT).1  

The next generation mobile system, 6G, is described as a distributed intelligent network 
(underpinned by AI and machine learning), which creates 
'interactions between the physical world, digital world, and 
biological (human) world, especially emphasising the real-
time integration of cyber and physical spaces' (Figure 2).2 It is 
considered that 6G will improve applications of previous 
mobile generations and introduce new ones, such as truly 
immersive extended reality (XR), high-fidelity mobile 
hologram and digital twins of real-world objects.  

Combining virtual reality (VR), augmented reality (AR) and 
mixed reality (MR), XR might have potentially interesting 
impacts in medicine (e.g. providing care outside hospitals),3 
entertainment (e.g. online gaming), education and 
manufacturing industries (e.g. experimenting new designs 
without creating prototypes from scratch). According to an 
industry report, the current user-experienced data rate for 
5G is not sufficient for XR seamless streaming to flourish. 

Figure 2 – Concept of 6G and its 
components 

 
Source: The Korean Institute of 
Communications and Information Sciences. 

https://reform-support.ec.europa.eu/what-we-do/digital-transition_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/europes-digital-decade-digital-targets-2030_en
https://www.euractiv.com/section/digital-inclusion/news/eu-digital-decade-report-shows-gaps-in-digitalisation-plans/
https://digital-strategy.ec.europa.eu/en/library/2023-report-state-digital-decade
https://www.t-mobile.com/content/dam/tfb/pdf/TFB_TechTarget-whitepaper_SA-NSA-5G.pdf?icid=TFB_TMO_P_20CONTENT_EFTB9174KOUY53MNG23700
https://dgtlinfra.com/5g-standalone-sa/
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_4619
https://www.capgemini.com/insights/expert-perspectives/6g-for-the-hyperconnected-future/
https://www.europarl.europa.eu/news/en/headlines/economy/20190110STO23102/self-driving-cars-in-the-eu-from-science-fiction-to-reality
https://www.techtarget.com/whatis/definition/virtual-reality
https://www.techopedia.com/definition/15888/hologram
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2022)733557
https://www.6gflagship.com/ehealth/
https://radio-spectrum-policy-group.ec.europa.eu/system/files/2023-06/RSPG23-025final-Progress_report-6G-development.pdf
https://www.nokia.com/about-us/newsroom/articles/6g-explained/
https://research.samsung.com/next-generation-communications
https://www.cambridge.org/core/books/abs/5g-mobile-and-wireless-communications-technology/machinetype-communications/E2D92674FF003B22E0922A40C1B62C42
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-is-the-internet-of-things
https://www.nist.gov/news-events/news/2021/12/nist-and-university-researchers-offer-future-6g-network-concept
https://cdn.codeground.org/nsr/downloads/researchareas/20201201_6G_Vision_web.pdf
https://www.qualcomm.com/research/extended-reality
https://spectrum.ieee.org/6g-haptic-holography
https://spectrum.ieee.org/6g-haptic-holography
https://www.comsoc.org/publications/magazines/ieee-network/cfp/digital-twin-6g-networks
https://cdn.codeground.org/nsr/downloads/researchareas/20201201_6G_Vision_web.pdf
https://www.techtarget.com/whatis/definition/virtual-reality
https://www.techtarget.com/whatis/definition/augmented-reality-AR
https://www.techtarget.com/whatis/definition/mixed-reality
https://www.fda.gov/medical-devices/digital-health-center-excellence/augmented-reality-and-virtual-reality-medical-devices-questions-consider#:%7E:text=Medical%20extended%20reality%20(XR)%2C%20which%20includes%20Augmented%20Reality%20(,where%20health%20care%20is%20delivered.
https://www.ericsson.com/en/blog/2022/7/future-xr-entertainment
https://www.forbes.com/sites/forbestechcouncil/2022/12/21/implementing-extended-reality-in-education-to-inspire-new-ideas/
https://copperdigital.com/blog/extended-reality-utilization-in-manufacturing-sector/
https://cdn.codeground.org/nsr/downloads/researchareas/20201201_6G_Vision_web.pdf
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Hologram technology will allow people to take part in a teleconference by representing their 
gestures or facial expressions and allowing remote technicians to perform remote troubleshooting 
or repairs. However, one study reports that 4G and 5G data rates may not enable such a holographic 
future because 'holographic images will need transmission from multiple viewpoints to account for 
variation in tilts, angles, and observer positions relative to the hologram'. Nevertheless, 6G might 
indeed allow the technology to succeed.4 

Advanced sensors, AI and high-speed connectivity ensuring low-latency (e.g. the time data takes to 
transfer across the network),5 would allow replication of physical entities (including people, devices, 
objects, systems, and even places) in a virtual world. This digital replica of a physical entity is called 
a digital twin. Among the various use cases, digital twins might be used in medicine to build human 
immune systems, or in factories to simulate the deployment of specific complex deployed assets 
such as jet engines and large mining trucks, to 'monitor and evaluate wear and tear and specific 
kinds of stress as the asset is used in the field'. One think tank stresses how 6G performance (e.g. 
speed and latency) will better enable digital twin technology by providing real-time monitoring and 
control of physical objects and environments. 

Higher performance than 5G 
Figure 3 below shows important dimensions related to the performance of a mobile network. 
Peak/user-experienced data rate relates to the capacity of a network or other communication 
channel for transferring data, measured in 'bits per second' (bps). Latency refers to the time it takes 
for data to travel from one point of the network to another. Connection density/coverage refers to 
the total number of connected devices per unit area (per square kilometre). Energy efficiency is both 
the capability to minimise the network energy consumption in relation to the traffic capacity 
provided as well as the capability to minimise the power consumed by the device modem in relation 
to the traffic characteristics. 

Peak/user-experienced data rate. Connectivity speed with 6G could be between 10, 50 and 
100 times faster than 5G. The industry expects to reach a peak data rate (e.g. maximum achievable 
data rate under ideal conditions per user/device) of 1 000 Gbps and a user experienced data rate 
(e.g. achievable data rate that is available across the coverage area to a mobile user/device) of 
1 Gbps.6 These much higher data rates would help to make available advanced multimedia services, 
such as XR, holograms, and digital twins.  

Latency. Remote surgery, industrial automation and self-driving cars are latency-sensitive services 
requiring high connectivity reliability (e.g. real-time decision-making).7 One study points out that 
6G might improve reliability 100 times compared to 
5G.8 

Connection density/coverage. According to one 
industry forecast, 500 billion devices are expected to be 
connected to the internet by 2030, which represents a 
number 59 times greater than the expected world 
population by that time. A report from the industry 
stresses how this growth in the number of connected 
machines 'will require 6G to support about 107 devices 
per square kilometre. This is 10 times larger than the 
connection density requirement of 5G'.  

Energy efficiency. Considering the enormous future 
number of connected devices and users' expectations, 
the same report underlines how the industry intends to 
develop a 6G technology for networks and devices that 
would be twice as energy efficient than 5G. 

Figure 3 – Enhancement of key 
requirements from 5G to 6G  

 
Source: IDATE DigiWorld. 

https://www.techopedia.com/definition/2228/latency
https://cdn.codeground.org/nsr/downloads/researchareas/20201201_6G_Vision_web.pdf
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-is-digital-twin-technology
https://www.ibm.com/topics/what-is-a-digital-twin
https://www.nokia.com/thought-leadership/articles/digital-twin-of-the-human-immune-system/?did=D00000005044&gad_source=1&gclid=CjwKCAiA0syqBhBxEiwAeNx9NwleSMyFnjI02mPBYQN4M1LN9BmTytLNPXgXEK54pZQiAlUQI2cwjBoCLL4QAvD_BwE
https://www.nokia.com/thought-leadership/articles/digital-twin-of-the-human-immune-system/?did=D00000005044&gad_source=1&gclid=CjwKCAiA0syqBhBxEiwAeNx9NwleSMyFnjI02mPBYQN4M1LN9BmTytLNPXgXEK54pZQiAlUQI2cwjBoCLL4QAvD_BwE
https://www2.deloitte.com/xe/en/insights/focus/industry-4-0/digital-twin-technology-smart-factory.html
https://fr.idate.org/content/uploads/2023/09/6G-whitepaper_v23-1.pdf
https://www.itu.int/dms_pub/itu-r/opb/rep/R-REP-M.2410-2017-PDF-E.pdf
https://www.technologyreview.com/2023/10/26/1082028/ai-powered-6g-networks-will-reshape-digital-interactions/
https://blog.huawei.com/2022/08/26/6g-urllc-unlocking-factories-future-self-driving-cars/
https://www.linkedin.com/pulse/beyond-5g-unveiling-future-6g-technology-ym-yellowmarketing/?trk=public_post
https://www.cisco.com/c/dam/global/fr_fr/solutions/data-center-virtualization/big-data/solution-cisco-sas-edge-to-entreprise-iot.pdf
https://www.un.org/en/global-issues/population#:%7E:text=The%20world%20population%20is%20projected,surrounding%20these%20latest%20population%20projections.
https://www.samsung.com/global/business/networks/solutions/6g/
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Environment, security and privacy as key 6G goals  
Experts suggest 6G should be developed to be sustainable from the outset and that energy 
efficiency – along with the other metrics such as speed and latency – may become a design criterion 
for this new technology, alongside other metrics such as capacity, peak data rate, latency, and 
reliability. 

The information and communications technology (ICT) sector is already responsible for 5-9 % of 
global electricity use9 and for around 2-2.5 % of global greenhouse gas (GHG) emissions. This figure 
might tend to grow, considering that the number of people without access to the internet is steadily 
declining (even though a third of the global population is still offline), and that there is ever-growing 
demand for new and enhanced connectivity services (e.g. increase of sensors, smart grids and 
connected devices). Although the increased use of ICTs is 'undoubtedly part of the cause of global 
warming' according to the International Telecommunication Union, it can at the same time also be 
a part of the solution to GHGs because it has the potential to assist in reducing emissions from other 
sectors of the economy.10 A study done for the European Commission reflects this dichotomy by 
stressing that 'while several studies in the recent past have highlighted the role of the information 
and communication technologies in mitigating climate change, various studies have also indicated 
that ICT's own footprint is expected to increase significantly over the next few years'. 

In terms of electricity consumption, the study forecasts that networks could become more efficient, 
but also that they will be more intensively used (more subscribers, higher bandwidth, more data 
traffic). Various reports argue that 6G networks could minimise their environmental impacts due to 
a set of design strategies such as smart solutions (e.g. integrating AI to achieve network 
optimisation), resource allocation algorithms for IoT devices, use of renewable energy and 
harvesting technologies.11 The latter is a promising technology, which might be incorporated in 6G, 
able to capture energy from the environment for reuse by IoT devices and sensors, improving 
battery life (e.g. by rubbing your hands together, and using the friction-generated thermal energy 
to power small, simple zero-energy IoT devices such as a smart-watch).  

According to the World Economic Forum, in combination 
with digitalisation, 5G is expected to help reduce GHG 
emissions by up to 15 % by 2030. Successive generations of 
mobile technologies (e.g. 2G to 3G and 3G to 4G) have been 
more energy efficient than those preceding (Figure 4), but 
there are indications that the huge energy efficiency gains 
achieved by technology developments are at least balanced 
by the surge in data traffic.12 An industry blog reports that 
'the target for 6G should be cutting the average power 
consumption of 6G networks in half compared to 5G, while 
still supporting peak capacities 10 times higher than today's 
5G networks'. 

In 6G use case scenarios, such as (i) high-precision remote surgery, (ii) medical condition monitoring 
apps (6G biosensing), and (iii) smart factories relying on industrial IoT,13 ensuring protection from 
cyber-attacks and unauthorised access to data becomes paramount. According to experts, 6G would 
be developed to be secure by design, and its standardisation process would keep in mind 
mechanisms to preserve privacy. For security concerns, a new approach for 6G networks might be 
using quantum key distribution techniques14 that, if correctly implemented, establish a secure 
encryption key at both ends of a communications line.15  

For privacy concerns, a preservation scheme based on blockchain technology might tackle potential 
issues regarding the massive data volume exchange expected from this new mobile generation (e.g. 
having a common communication channel in the form of blockchain can allow network users to use 
pseudonyms instead of their actual personal identities).16 In addition, AI-based threat detection and 

Figure 4 – Network capacity vs energy 
usage in 4G, 5G and 6G 

 
Source: Nokia Bell Labs. 

https://www.fiercewireless.com/5g/industry-cant-wait-6g-reduce-energy-usage-emissions
https://www.nokia.com/about-us/newsroom/articles/6g-explained/
https://web-archive.oecd.org/2012-06-15/174447-2771153.pdf
https://www.itu.int/en/action/environment-and-climate-change/Pages/energy_efficiency-BAK.aspx
https://www.itu.int/en/mediacentre/Pages/PR-2023-09-12-universal-and-meaningful-connectivity-by-2030.aspx
https://5g-ppp.eu/wp-content/uploads/2021/06/WhitePaper-6G-Europe.pdf
https://5g-ppp.eu/wp-content/uploads/2021/06/WhitePaper-6G-Europe.pdf
https://www.itu.int/themes/climate/docs/report/02_ICTandClimateChange.html
https://www.itu.int/en/about/Pages/default.aspx
https://www.ericsson.com/en/reports-and-papers/research-papers/exploring-the-effects-of-ict-solutions-on-ghg-emissions-in-2030
https://op.europa.eu/en/publication-detail/-/publication/ef17c01f-ea7c-49e0-91aa-878f16ba6361/language-en/format-PDF/source-297749604
https://5g-ppp.eu/wp-content/uploads/2021/06/WhitePaper-6G-Europe.pdf
https://www.ericsson.com/en/blog/2023/5/zero-energy-devices-sensor-driven-world
https://www.ericsson.com/en/about-us/new-world-of-possibilities/imagine-possible-perspectives/zero-energy-devices/
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/battery-free-smart-devices-harvest-ambient-energy-iot
https://www.weforum.org/agenda/2019/01/why-digitalization-is-the-key-to-exponential-climate-action/
https://hellofuture.orange.com/en/5g-energy-efficiency-by-design/
https://www.bell-labs.com/institute/blog/in-the-6g-era-we-wont-need-to-sacrifice-sustainability-for-the-sake-of-performance/#gref
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjrkfCn8MWCAxV2g_0HHXamCMoQFnoECBwQAQ&url=https%3A%2F%2Fwww.6gflagship.com%2Fehealth%2F&usg=AOvVaw20-o41itxH7KE1XO9Qzsqn&opi=89978449
https://www.europarl.europa.eu/RegData/etudes/STUD/2022/697205/EPRS_STU(2022)697205_EN.pdf
https://world6g.wpenginepowered.com/wp-content/uploads/2021/11/1637717609147.pdf
https://www.toshiba.eu/quantum/products/quantum-key-distribution/
https://www.techtarget.com/searchcio/definition/blockchain
https://www.bell-labs.com/institute/blog/in-the-6g-era-we-wont-need-to-sacrifice-sustainability-for-the-sake-of-performance/#gref
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response solutions –continuously learning and adapting to new threats and vulnerabilities – can be 
used to detect and prevent cyber-attacks on 6G-connected technologies.17  

Global race to 6G 
The global race to 6G has begun and the stakes are high, as 5G and 6G-enabled activity are estimated 
to generate €3 trillion in growth by 2030 worldwide. Businesses and countries are competing to 
build the next level of 6G mobile networks. The competition for 6G is also motivated by the need to 
ensure leadership in the technology and ensure the EU's digital sovereignty. 

Early 5G frontrunners in Asia, such as South Korea, China and Japan, have started to define their 
vision on 6G. India and Brazil have announced investments in 6G research and development 
projects (R&D). In the United States, the private sector is mainly leading the 6G debate through an 
industry initiative aimed at advancing North American mobile technology.  

South Korea's ambition to secure the world's best 6G  
Having led the development of 5G technology, South Korea is striving to position itself as a global 
leader in 6G technology by gaining dominance in international standards and patents. In 
February 2023, South Korea's Ministry of Science and ICT announced its K-Network 2030 strategy, 
with the goal to secure the best 6G technology in the world. Under this plan, the ministry will invest 
KRW625.3 billion (around €440 million) in R&D projects. South Korea will host the 'Pre-6G Vision Fest' 
in 2026, aiming to demonstrate the outcomes of the country's research in 6G and become a model 
country for global cooperation on 6G.  

China to pursue major standard-setting role  
China's 14th Five-Year Plan (2021-2025) aims at strengthening research on new 6G network 
infrastructure as well as clarifying its technology requirements. In addition, the government selected 
6G as a 2023 top priority in its annual state-of-the-year work conference and will speed up the R&D 
for this technology.18 Some sources claim that China accounts for nearly half of 6G-related patent 
applications in the world. In the recently published 'Three-Year Action Plan for the Industrial 
Innovation and Development of the Metaverse (2023-2025)', 6G is mentioned as one of the key 
technologies needed for the creation of a Chinese metaverse. China's IMT-2030 (6G) Promotion 
Group, representing the flagship platform in China promoting 6G and international cooperation, 
published a report according to which 6G will also provide efficient support for AI services as well as 
for large-scale AI deployments in various industries.  

Quantum technology 

Quantum technology is increasingly considered globally as an emerging, highly strategic technology that could 
play an important role in safeguarding critical infrastructure and ensuring personal data security. A 2022 Joint 
Research Centre report stressed how deploying quantum communication infrastructure would strengthen the 
cybersecurity protection of European telecoms networks, as well as the transmission of very sensitive information, 
by using robust cryptography systems.  

Quantum mechanics for cybersecurity is still in its infancy but could be developed within the 6G development 
timescales. The aim would be to build a secure 6G network for interactive sessions as well as file transfers and 
streaming. It would be based on an architecture that should include a system of quantum key distribution for the 
encryption keys. 

Among its goals, the 'Digital Decade', Europe's overarching digital transformation strategy, envisages Europe 
'being on the cutting edge of quantum capabilities by 2030'. To achieve this goal, the EU is promoting several 
programmes, including the deployment of a secure quantum communication infrastructure. Such infrastructure 
will include a terrestrial segment that relies on fibre networks and a space segment based on satellites.  

https://www.nasdaq.com/articles/the-race-towards-6g-2021-02-18
https://www.gruppotim.it/content/dam/telecomitalia/it/archivio/documenti/Innovazione/MnisitoNotiziario/2021/3-2021/pdf-3-2021/NotiziarioTecnicoTim3-World-wide-towards.pdf
https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/connected-world-an-evolution-in-connectivity-beyond-the-5g-revolution
https://medium.com/@prof.ahmad.25488/the-race-for-6g-who-are-the-key-players-and-what-are-they-doing-2f742d8ba5c4
https://www.berec.europa.eu/system/files/2023-06/BoR%20%2823%29%20118%20Report%20BEREC%20Study%20Visit%20South%20Korea%202023.pdf
https://www.koit.co.kr/news/articleView.html?idxno=109868
https://www.msit.go.kr/bbs/view.do?sCode=eng&mId=4&mPid=2&bbsSeqNo=42&nttSeqNo=783
https://www.koreaherald.com/view.php?ud=20230220000618
https://digichina.stanford.edu/work/translation-14th-five-year-plan-for-national-informatization-dec-2021/
https://www.gsma.com/mobileeconomy/wp-content/uploads/2023/03/The-Mobile-Economy-Report-China-2023.pdf
https://www.politico.eu/article/6g-race-eu-united-states-china/
https://w.media/chinese-government-to-prioritize-6g-development-this-2023/
https://www.chinadaily.com.cn/a/202303/05/WS64044d04a31057c47ebb2504.html
https://asia.nikkei.com/Business/Telecommunication/China-accounts-for-40-of-6G-patent-applications-survey
https://www.linkedin.com/pulse/china-accounts-40-global-6g-patent-applications-rolf-schmid/?trk=articles_directory
https://www.globaltimes.cn/page/202303/1286460.shtml
https://www.gov.cn/zhengce/zhengceku/202309/content_6903023.htm
https://www.imt2030.org.cn/
https://www.imt2030.org.cn/
https://www.imt2030.org.cn/html/default/zhongwen/xinwendongtai/1648154263760711682.html?index=4&language=zh
https://www.gao.gov/assets/gao-23-106559.pdf
https://epc.eu/content/PDF/2023/Quantum_Technologies_DP.pdf
https://www3.weforum.org/docs/WEF_Quantum_Economy_Blueprint_2024.pdf
https://publications.jrc.ec.europa.eu/repository/handle/JRC129425
https://digital-strategy.ec.europa.eu/en/faqs/quantum-communication-infrastructure-questions-and-answers
https://www.nato.int/cps/en/natohq/news_207634.htm
https://liberalforum.eu/wp-content/uploads/2022/06/Europes-Future-Connected_ELF-Study_Techno-Politics_vol.2-2.pdf
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/europes-digital-decade-digital-targets-2030_en
https://digital-strategy.ec.europa.eu/en/library/quantum-technologies-and-advent-quantum-internet-european-union-brochure
https://digital-strategy.ec.europa.eu/en/policies/european-quantum-communication-infrastructure-euroqci
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Japan's 'Beyond 5G Promotion Strategy'  
Japan issued its roadmap to 6G in June 2020, aiming to ensure its future international 
competitiveness in the sector. The 'Beyond 5G Promotion Strategy' provides funding for 6G research 
through three programmes for a total budget of US$555 million (around €520 million). Japan and 
the US agreed to jointly invest US$4.5 billion (€4.2 billion) for the development of 6G technology. 
The Beyond 5G Promotion Consortium brings together representatives of Japanese industries and 
academic institutions to carry out research and development initiatives as well as advocating for 6G.  

India's vision for ubiquitous 6G coverage  
India released its 'Bharat 6G Vision' in March 2023. The government envisages India as a front-line 
contributor in design, development and deployment of 6G technology by 2030. The proposal aims 
to 'design, develop and deploy 6G network technologies that provide ubiquitous, intelligent and 
secure connectivity for high quality living experience for the world'. According to the proposal, a 
total pool of INR10 000 crore (€1.1 billion – raised through instruments such as loans, grants and 
venture capital funds) is expected to be invested over the next 10 years in R&D projects developing 
India's 6G ecosystem. India has already secured around 200 patents on 6G technology through 
industrial and academic collaboration with the support of the Department of Telecommunications. 

6G Development in Brazil 
The Brazil 6G Project – an initiative supported by the National Institute of Telecommunications 
(INATEL), the Ministry of Technology and Innovation (MCTI), and the Brazilian network for education 
and research (RNP) – issued an action plan for Brazil's future 6G network development. In May 2023, 
Brazil announced investment of BRL60 million (€11.4 million) in the competence centre responsible 
for the development of 5G and 6G (INATEL). According to a report, Brazil is growiing ties with China 
on new technologies, including cooperation in research and also seeking investment in upcoming 
6G telecommunications infrastructure.  

Next G Alliance and strategic alliances in the United States 
The US government is building its position in the 6G race by making strategic alliances with other 
countries and regions (e.g. Europe, India, South Korea, Japan and the United Kingdom). However, a 
considerable part of the US 6G debate and its roadmap development relies heavily on a private 
sector-led effort. The Next G Alliance, a private sector partnership to advance North American 6G 
technology, comprises organisations and experts from industry, government and academia dealing 
with 6G (e.g. Apple, Google, Verizon, Nokia, Samsung). The alliance issues publications and reports 
on 6G, and among its goals is to 'develop a roadmap that will promote a vibrant marketplace for 6G 
introduction, adoption and commercialisation with North American innovation in mind'.  

What is the EU doing 
Like the above-mentioned countries, the EU is also providing support for 6G research and 
innovation to ensure it gains a leadership position in the sector. The European Smart Networks and 
Services Joint Undertaking (SNS JU) was established in 2021. The SNS JU is jointly funded by the EU 
budget and industry. As far as industry is concerned, the 6G Smart Networks and Services Industry 
Association (6G-IA) works in partnership with the European Commission on the SNS JU projects. It 
represents the voice of European industry and research actors on 6G, bringing together operators, 
manufacturers, academics, small and medium-sized enterprises and ICT associations. 

The SNS JU has a fund of at least €1.8 billion for 2021 to 2027. Industry will, at least, match an EU 
contribution of €900 million. The SNS JU provides financial support to participants, through 
research and innovation (R&I) grants, following open and competitive calls to foster Europe's 6G 
technology sovereignty, as well as boosting 5G deployment. The SNS JU recently adopted its third 
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R&I work programme for 2024 to advance 6G research in Europe, earmarking €129 million in public 
funding for collaborative projects to advance 6G systems and prepare for standardisation activities. 

The 6G-IA reports on the activities promoted by Member States on the development of 5G towards 
6G. Some EU Member States have already launched their own initiatives and programmes on 6G 
(e.g. Finland with its 6G Flagship and 6G Finland).  

Under the EU Recovery and Resilience Facility, providing a total of over €700 billion in loans and 
grants, Member States must allocate at least 20 % of the expenditure under their national recovery 
and resilience plan to support the digital transition, including 5G and 6G networks/projects.  

In October 2022, the European Commission announced the creation of Hexa-X-II, a research 
initiative to develop the foundation of 6G technology and contribute to industry consensus leading 
to 6G. The Commission awarded the Hexa-X-II project funding as part of the SNS JU. It will expand 
the previous Hexa-X partner list to 44 organisations, tasked with creating the pre-standardised 
platform and system view that will form the basis for many inputs into future 6G standardisation. 

International collaboration is key to achieving a globally accepted 6G standard. The EU is 
strengthening partnerships with other countries such as the US and Japan. The EU-US Trade 
Technology Council (TTC), established in June 2021, serves as a forum for research and cooperation 
on new technologies between Europe and the US, including 6G. Both parties have accelerated their 
cooperation towards a common vision and industry roadmap on 6G wireless communication 
systems and issued a 6G outlook in May 2023. The outlook sets out guiding principles and next steps 
to develop this critical technology (e.g. 6G should be developed with security-by-design and energy 
efficiency standards). In May 2022, the also EU signed a Digital Partnership with Japan to improve 
joint work on digital technologies in the area: 'Beyond 5G/6G technologies'. 

Conclusion 
Considering 6G standards and specifications are still under development, the question remains 
whether 6G will be the enabler of the next wave of digital disruption. It is legitimate to query 
whether 6G applications – able to sense our surroundings by integrating the digital and physical 
realms – will turn the network into our 'sixth sense', or whether the step from 5G to 6G will be just 
an improved version of 5G, with no profound change.  

As far as 6G's environmental impact is concerned, the arrival of newer cellular generations (e.g. 4G 
and 5G) have brought huge energy efficiency from a technology development point of view. 
However, studies suggest that such energy efficiency gains have at least been compensated by the 
increase in data traffic.19 The question remains whether this will be also the case for 6G.  

Quantum key distribution and blockchain seem promising technologies, which will be integrated in 
future 6G networks to ensure device cybersecurity and communication privacy.20 Considering the 
massive (e.g. digital twins) and sensitive (e.g. remote surgery) data exchanges potentially triggered 
by 6G, the success of such promising technologies in blocking hackers from hijacking the promised 
hyper-connected 6G world will be crucial.  

Which country will be likely to take the lead in the 6G race? In the 1990s, Europe led the world in 2G 
deployment by adopting a single digital standard (GSM) and common spectrum bands to establish 
a broad base of networks. This did not happen for the newer generations of mobile technologies 
(3G, 4G and 5G), led by other countries. Will the funds and projects supported by the EU on 6G 
research give Europe the chance to regain its lead on 6G? To push this global 6G race further, mobile 
technology dependency needs to be taken into account. In a 2023 communication, the European 
Commission stressed that Chinese vendors Huawei and ZTE represent a materially higher risk than 
other 5G suppliers. It thereby recognised some Member States' decision to restrict or exclude 
Huawei and ZTE from 5G networks as justified and compliant with the EU toolbox on 5G 
cybersecurity. How to best deal with 6G security, however, remains an open question.  
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