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Foreword

FOREWORD
The first four-year phase of 6G Flagship is coming to an end

$2 billion in 6G technologies in the coming years. 6G Flag-

soon and now it is time to sum up what has been going on in

ship signed an MoU with B5GPC this summer and I had the

6G research since 2018 and how the coming years seem to

honour to be invited to their International Advisory Board. Our

be forming.

collaboration in Japan will greatly intensify also via my new
position as a Global Research Fellow at the University of To-

The 6G White Papers we crafted in collaboration with a large

kyo. I believe we can efficiently pursue future challenges with

international research community have served as the first

concepts like the ones evolving from local 5G or utilization of

roadmap towards 6G. They have been incredibly popular as

THz technologies in future mobile systems.

they have been downloaded already almost one million times.
Thank you once again to all contributors!

The second phase of 6G Flagship starts first in May 2022 with
an updated, ambitious research agenda that will benefit from

The key messages given in the White Papers have been well

the global collaboration with leading players. For example, we

received and many of them are found today in other major 6G

are further expanding our collaboration with South-Korean

programmes research agendas. Global connectivity, reaching

ETRI with three new initiatives planned for the next three years.

out towards the UN SDGs, renewal of future business ecosys-

In parallel, we expect that European collaboration intensifies

tems, communication and sensing at THz frequency bands

with Horizon Europe Smart Networks and Services Joint Un-

and many other major research themes are now key parts of

dertaking. Similarly, collaboration with Japanese institutions

leading projects such as the European Hexa-X. In this maga-

will materialize via our involvement in Japanese 6G activities.

zine, we touch upon these themes in several stories.
We will also deepen our research efforts within vertical appliRecently, we have produced a comprehensive set of 6G in-

cation areas including health, industry, vehicular, and energy

spired demos, which are introduced in this magazine. The

as wireless connectivity has already become an interlinked

demos provide insights into our ongoing experiments, which

part of critical infrastructures of society. Collaboration with

are taking us fast towards the world of 6G. Also, the proof-of-

key players in these sectors enables us to develop 6G tech-

concept development discussed in this magazine shows our

nologies in the most beneficial ways for society. Improving

capabilities and determination in building operational sys-

dialogue between various actors will be our priority so that we

tems early on. These skills become even more important in our

can all gain most out of the ongoing digital transition enabled

efforts in developing the first functional 6G test network in the

by wireless connectivity solutions.

coming years.
We wish Happy Holidays and most innovative New Year
As a part of corona recovery plans, many countries have initi-

2022 to all!

ated ambitious 6G programmes like the one in Germany which
was launched last summer. In total around 50 research and
industry partners are joining in four 6G Hubs, totalling 250M€
funding from the Federal Ministry of Education and Research.

Matti Latva-aho

This investment together with the huge number of smaller
initiatives makes the efforts around 6G in Germany really

Director of 6G Flagship

significant. Our collaboration with most of the 6G Hubs and

University of Oulu, Finland

partners in Germany will increase within EU funded projects
in the future.
In Japan, the Beyond 5G Promotion Consortium (B5GPC)
was formed earlier in the spring with an overall investment of
3
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MEASUREMENT AND PROOF OF CONCEPT

CAPABILITIES
UP TO 330 GHZ
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Experiments
6G Flagship’s radio frequency (RF) experts create proof of

tiple 5G antennas as individual antenna elements and in-

concept (PoC) platforms where the research outputs of the

tegrated into the complete arrays. We have also developed

group members are integrated, seamlessly. The group focus-

complete 5G mmWave radio platforms with electrical beam

es on two main PoC categories - technology or component

steering, and with the same platform, we have evaluated sev-

demonstrations, and platform demonstrators – which inte-

eral interference mitigation methods. The RF IC design team

grate multiple standard and PoC components.

has developed and measured several world leading designs
which can be implemented into the larger radio platforms,

Previously, the RF group has created a complete 5G mmWave

as well.”

radio unit for wireless backhauling purposes. Now, a new
mmWave radio platform is under development. “For 6G pur-

With its unique skillset, the group combines innovative com-

poses, we are currently developing measurement and PoC

ponent design, system analysis and measurements leading

capabilities up to 330 GHz,” says Dr. Marko Leinonen who

to verified solutions. “An efficient and parallel usage of mul-

leads experimental radio research in the RF laboratory.

tiple electronic computer-aided design tools is an essential
success factor for any high performing radio frequency cir-

A successful PoC platform requires effective teamwork be-

cuit and antenna design,” Leinonen says. “We have state-

tween multiple researchers and organisations due to the

of-the-art measurement equipment in our radio laboratory

complex interactions between used technologies. “The

which are crucial for the evaluations and measurements of

complete radio platform requires integration of radio fre-

the designed radio components.”

quency components, antennas, printed circuit boards and
controlling software into one system, which have similar

A closer look at five experts’ intertwined expertise areas il-

functionalities as radios used in base or mobile stations,”

lustrates some of the major research and development chal-

Leinonen says. “We have successfully demonstrated mul-

lenges that the experts are now solving.
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Integrated Circuit (IC) design

tenna gain must compensate for limited transceiver perfor-

The mmWave and THz RF receiver integrated circuits that

mance and reduced antenna reception area,” says Dr. Markus

Sumit Pratap Singh designs and develops will be imple-

Berg, who conducts 6G antenna research in the RF group.

mented and integrated into the 6G radios.” A major goal of
the RF group is to design a complete 6G transceiver, and the

High gain results in a narrow radiation beam, which in turn

designed low noise amplifiers and downconverters are some

causes need for dynamic beam steering in the case of a mo-

of the main building blocks at the receiver side,” Singh says.

bile user. However, high gain antennas have typically fixed

“By implementing these blocks and then combing them with

radiation beams achieved by electrically large dielectric lens

components such as antenna and phase shifters, a phased

structures. “Developing a high gain beam steering antenna

array receiver will be designed to meet the criterion of ultra-

for 6G is a challenging task,” Berg says. “A possible solution

high-speed transceiver for future 6G radio system.”

is to develop hybrid antennas combining lenses with phased
arrays to enable beam steering and high gain.”

As his most promising achievement, Singh names “breaking the
barrier by achieving the good power gain beyond half of maximum frequency of oscillation (Fmax) over wide bandwidth with

Sub-system development

The next level of RF design after individual components is in-

decent noise performance.” The results have been published in

tegrate them to functioning sub-systems. Mikko Hietanen re-

the benchmarking paper on low-noise amplifier (LNA) design

searches and develops the millimeter wave RFIC-frontend. His

at sub-terahertz , presented in the 2021 IEEE Radio Frequency

work is limited by the performance of the used semiconductor

Integrated Circuits Symposium (RFIC). This takes the RF group

process and the requirement of simplicity of the design. “De-

significantly closer to the target of implementing/completing a

signing amplifiers at technology limits forces the designer to

THz transceiver for 6G communication using exiting process

work with as simple circuits as possible to maximize perfor-

technologies with limited speed at THz frequency range.

mance,” Hietanen says. “Hence, the technology dictates the

Antenna design

level of sophistication.”

Antennas are essential components to demonstrate anything

The sub-system development as such follows the same prin-

over-the-air since no radio link can work without antennas. In

ciples as any system development. “We design standalone

the modern communication systems, antennas are not only

blocks, combine them together, and fine-tune the sub-system

converters of conducted signals to radiated ones, but they

for optimum performance,” Hietanen says.

also operate as frequency- and spatial-domain filters, impedance matching elements, mechanical supports, and may con-

In absence of 6G system and corresponding radio signal, the

duct heat away from the transceiver IC.

group uses 5G new radio signals for the design validation
purposes. “Showcasing performance with real-world signals

In comparison with previous mobile generations, the higher

proves the end result without leaving open questions about

frequency in 6G sets increased demands on antennas. “An-

modeling accuracy or mistakes in simulations,” Hietanen
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confirms. “As a result, prototypes are benchmarked as close

ed working around my topic many years ago, there were no

as possible to product level in terms of functionality in early

commercial mmWave phased array platforms available,” says

phases of development.”

Nuutti Tervo who creates spatial linearization concepts of

Channel models

phased array transmitters. “If I would have waited for those to
be mature enough, my research would have been very limited.

The measurement capability for above 100 GHz frequencies is

As we are jointly developing the PoC, we get to decide togeth-

now developing and measurement data is accumulating from

er what we should include in the design to support and solve

different sources, including our own. “We are getting more in-

our specific research problems. And with the novel approach-

sights into interactions of radio waves and various materials,

es, we can have scientific impact in early phase.”

and their frequency dependency,” says Dr. Pekka Kyösti, who
focuses on radio propagation measurements, estimation, and

For his own research, Tervo needed a real phased array trans-

channel modelling in the RF group. “The accumulated meas-

mitter. RF and especially power amplifiers have a very fun-

urements begin to provide a limited statistical view on trans-

damental problem - a nonlinear nature of behavior, and this

mission loss and multi-path characteristics in considered en-

problem is clearly visible with power amplifiers at the region

vironments and frequencies.”

where their power efficiency is the highest. “In my own research, I look for ways how an antenna array can beamform its

Radio channel and propagation studies are enablers for other

nonidealities,” Tervo says. “In phased antenna arrays, we have

fields of research and development. Hence the progression

learned that the linearization can be designed in the array lev-

of propagation research advances real-life 6G adoption indi-

el. Basically, it means that the individual elements can com-

rectly. “Radio channel measurements at above 100 GHz fre-

pensate for each other over-the-air for linearization purpose.”

quencies are typically very slow to conduct due to high gain
requirement of measurement antennas,” Kyösti says. “The

PoC development thus has importance on multiple levels of

measurement-based knowledge is still in its infancy and most

research and development. “We really are depending on each

combinations of frequency, environment and deployment still

other to get the research done,” Tervo says. “With real-life

need to be measured.”

experiments, we can learn how our technical solution has
impact on the big picture. This is very motivating, and at the

In a recent journal article “How many beams does sub-THz

same time, it is very educative. You learn to think outside of the

channel support” , the team introduced three methods to

box which may lead to solutions that others are omitting. And

approximate the number of beams building on data from real

we have good results in the end.”

indoor measurements performed at 140 GHz. The initial 6G
channel models will be extensions of measured propagation
data. “The use of such stored channel models is highly realistic and provides a good basis for evaluations on PoC plat-

Read more:

ieeexplore.ieee.org/document/9490435
ieeexplore.ieee.org/document/9563241

forms,” Kyösti says.

Radio algorithms

Early on, the RF team took the decision to develop a radio PoC
platforms instead of using commercial options. “When I start-
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THZ SENSING

IN FOCUS: NOVEL
RADIO LENSES

Can 6G sensing and imaging capabilities help us in locating

signal better to the object. In the current setup, the used link

water? Surprisingly yes. In the 6G demo on THz sensing, 6G

distance varies from 50 cm up to 2.5 meters. “

Flagship’s expert team showcases the potential of 6G radio for
capturing images of different objects in radio frequencies up

The team has explored various objects, including a living plant.

to 300 GHz. Based on the electrical properties of an object, it is

“We have used leaf surface as a biological sample, a Bergenia

possible to identify, for instance, water in its structure.

leaf, to be exact,” Myllymäki specifies. “The demo viewer can
see how the image of the leaf appears on the screen, while the

One of the greatest assets of 6G radio is its extremely narrow

system is simultaneously used for transmitting a communi-

radiation beam. “The angular width of the 6G radio beam can

cation signal. The program draws the picture on the screen

be less than 1 degree,” says Dr. Sami Myllymäki from Micro-

based on the signal amplitude and phase. The drawn picture

electronics Research Unit. “The narrow radiation beam ena-

is based on the electrical properties of the leaf and we can, for

bles space-selective communication and high signal quality.

example, clearly see the water veins in the leaf.”

The radio links are also very directive. As a result, even the
smallest of objects can easily have major impact on the re-

Novel lenses provide unprecedented opportunities that the

ceived signal level.”

team is exploring wholeheartedly. “We have developed new
composite materials and built new kinds of lenses that are

Phased array antennas and lens antenna techniques are the

environmentally friendly, low weight and with low electrical

two alternative beam forming techniques that the team is ex-

losses,” Myllymäki describes. “With our lenses, we can ad-

ploring. “We can use either of the techniques for controlling

just the system’s highest performance efficiently either for

the beam and as a result we can as much as ten-fold the ac-

a high-speed communication mode or for a high-accuracy

curacy,” Myllymäki notes. “For instance, we are demonstrating

imaging mode.”

the use of a 1 mm beam at a 30 cm distance with tens of micrometres’ resolution.”

At the same time, the demo viewer can follow the received
signal spectrum on the screen. “An image taken in the radio

The demo setup contains a radio link running with a wide-

frequencies tells different things than a regular camera im-

band communication signal at 100-300 GHz, depending on

age,” Myllymäki notes. “We can see the surface profile, the

the used configuration. “While measuring the received sig-

shape of the object, and even the content of the object if we

nal, we use a three-dimensional linear stage to control the

change the leaf for instance to a water bottle.”

object’s position between the link ends accurately so that the
signal propagates through the object.” Myllymäki explains.

The usability and flexibility of the solution are boosted with the

“To boost the signal level, we use lens antennas to focus the

possibility to switch between modes. “We can provide very
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fast, data-intensive and high-resolution measurement infor-

In the demo, the focus is on radio imaging but 6G systems will

mation in a certain time when it is needed and otherwise use

enable many other sensing capabilities too. “Communication

the system for communications,” Myllymäki notes. “In the case

and sensing together can be exploited in various 6G-enabled

of autonomous vehicles, or in security and safety screening

vertical services in industrial, smart city, traffic, security, safe-

scenarios, for instance, the system could jump from the com-

ty, agriculture and health sectors, to mention a few,” Myllymäki

munication mode first to sensing and then imaging modes.”

says. “Where communications infrastructure is needed, we
can provide sensing, and vice versa. As a result, we can create

In the future, the demonstration will enable imaging with
longer link distances, higher signal bandwidths, and potential 6G waveforms. The target is to have high data rates and
imaging capabilities in the same system. “In practice, we can

both economic and sustainability benefits for the society.”

Watch the demo video:
youtu.be/TL1BcleFORs

enable imaging by using multiple beams or multiple antennas
behind the radio lens,” Myllymäki adds.
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INNOVATIVE
BEAMFORMING

WITH MMWAVE COMMUNICATIONS
Millimeter wave (mmWave) communications empowers trans-

ing, sensing and localization. Beamforming can also be em-

mission frequencies between 30 GHz and 300 GHz. The higher

ployed to improve the system’s energy efficiency and linearity,

frequencies will decrease the size of antennas which enables

so it is not only a power focusing technique. And these are all

unforeseen opportunities for antenna directivity and innova-

critical aspects of future systems.”

tive beamforming.
The demonstration shows two different beamforming tech6G Flagship’s mmWave communications demo illustrates the

niques in practice which can be used in both link ends. “In

essential role of beamforming and shows how antennas and

high frequencies, phased antenna arrays are currently the

control mechanisms developed by the radio frequency (RF)

dominant technique for beamforming,” Tervo says. “There the

research group at the University of Oulu help to optimise 6G

wavefront direction is changed by phase shifting the signals

radio in an energy-efficient manner.

exited by individual antenna elements. As a result, the beam
can be electrically steered to different directions.”

“In a nutshell, beamforming means that we transmit energy
only to those directions that are required and receive energy

In 6G research, radio lenses which are similar to those used in

only from those directions that are useful,” specifies Nuutti

regular cameras, have gained a lot of attention recently. “Es-

Tervo, who develops techniques for utilising beamforming to

pecially when going towards the higher end of the mmWave

improve the linearity of an RF transmitter.

spectrum, lenses start to be a considerable approach for
beamforming as their physical size becomes decent,” Tervo

Beamforming is mandatory in mmWave systems to get any

says. “Lenses can also be used for beamforming, for example,

signal through. “But it is also an enabler,” Tervo notes. “For ex-

by simply exiting the lens from different antenna elements to

ample, beamforming helps to serve multiple users at the same

change the direction of the wavefront.”

time, at the same frequency, or even create multiple parallel
links between the transmitter and receiver. Using it in such an

The demo aims to illustrate the basic principles of the two

extensive scale enables also new applications such as imag-

beamforming techniques in a tangible manner. “The user can
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The demonstration set-up consists of a 28-gigahertz link in an antenna chamber, and in both link ends 64-element antenna
arrays equipped with 16 parallel radio frequency paths.

control the beam directions, transmit power and receiver atten-

have, for instance, used the platform as a tool to demonstrate

uation and play with signal levels and linearity to optimise the

phenomena, perform calibration, test measurement tech-

link performance,” Tervo says. ”The impact is observed in the

niques, implement beamforming, and develop signal pro-

received signal quality and achieved data rate. As a result, the

cessing techniques,” Tervo specifies.

user sees the importance of beamforming techniques, power,
and gain control on the radio link performance in practice.”

The platform has played a key role in nearly 30 peer-reviewed
research papers, many of which have been published in top

5G mmWave systems are slowly starting to be available in

journals of the field, and new ones are coming regularly. “In RF

the market, but there is still a lot of work left to make them af-

research, experimental results are considered mandatory to

fordable for regular consumers. “High data rate and directive

showcase the claims,” Tervo concludes. “That is a fact.”

beams enable new applications while they will also improve
the quality of applications such as virtual reality, high quality
video and localisation,” Tervo notes. “In 6G systems, the role

Watch the demo video:
youtu.be/sjYh6aNfbsQ

of beamforming is expected to be even more important than
in 5G.”
During the last years, the demo platform has been a very important research tool for the RF group, allowing the evaluation
of different techniques in real communication systems. “We
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LIGHT AND RADIO
WAVES CONNECTING
THE FUTURE WORLD
Visible light and radio technologies might not appear as an

“We envision that already around year 2030, mobile devices

obvious match for maximising connectivity. Inspired by the

will support both optical and radio technologies and VLC will

solid-state luminaries available in abundancy in our built envi-

complement radio,” Katz says. “The advantages of both sys-

ronment, researchers are now showcasing practically how vis-

tems are combined in our demo where radio and optical com-

ible light can be used for transmitting information wirelessly

munications are used cooperatively.”

- besides keeping us humans fully operational in the northern
winter darkness.

The demonstrator supports up to 12 Mbps with off-theshelf LED luminaries which are used to transmit information

Commercial LED-based lamps are an underused sustainable

using visible light from the optical access point at the ceiling

asset at an easy reach. “White LEDs are expected to be every-

to a mobile device. In the opposite direction, the setup uses

where,” says Prof. Marcos Katz, who has explored Visible Light

infrared light which is invisible to the human eye. In addition

Communications (VLC) with his team since 2014. “Today the

to light, radio can be used to provide connectivity between

global penetration of LEDs is close to 50%. We expect that it

both ends.

will reach 90% by 2030, which creates a massive potential.“
The monitor in the demonstrator shows in real time whether
In 6G Flagship’s VLC demonstration, Katz and his team il-

the light or radio signal is being used as well as some perfor-

lustrate some of the key capabilities of light-based com-

mance figures such as data throughput. For easy visualisation,

munications flexibly combined with radio communications.

the signal in the demo is a video clip.
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In reality, any type of information can be transferred by light

contrast in an office, if high data rate support is needed, both

or radio - be it voice, data or video. “VLC is highly practical for

radio and light can be used simultaneously.”

transmitting information over a short distance,” Katz explains.
“It can be used in indoor, outdoor and in vehicular environ-

In addition to everyday environments such as home, office

ments, for instance. The typical communication range is sev-

and public places, VLC is particularly suited for challenging

eral meters, up to 10 meters.”

places. “We are now considering the use of VLC in sensitive
scenarios such as hospitals, manufacturing plants, and air-

Light has a lot of advantages. Yet, relying on it alone would

crafts,” Katz says. “In an aeroplane, for instance, the system

be challenging. “In practice, light can easily be interrupted or

will prefer to use light, because of its security characteristics,

blocked,” Katz says. “In such a situation, radio can be used to

such as no interference to other equipment. Also, scenarios

ensure seamless connectivity.”

with challenging propagation are of great interest including
underwater, mining and industrial, to name a few.”

The team has designed and implemented and hybrid VLC-radio
communication system taking this vulnerability into account.

Light-based communications is very secure because the light

“We are showing what happens if the light reaching the receiver

signal remains confined in the room where the user is located.

is obstructed,” Katz says. “The system will automatically switch

“No-one outside of the room can listen to our communica-

to a radio mode and the viewer will not see any disturbances in

tion,” Katz explains. “So, it’s very secure and private.”

the video. Special emphasis was placed on designing a system
that allows for rapid switching from one transmission mode to

In terms of performance and feasibility, light is also highly

another, resulting in seamless operation.”

competitive. “We have a huge amount of spectrum available
for light which is unlicensed and it is free to use,” Katz notes.

In the demonstration, the operation can be controlled dy-

“We can also support very high data rates, even hundred of

namically with a reconfigurable communication network.

gigabits per second.”

“The selection of radio or light can be done automatically
and independently in both transmission directions,” Katz ex-

The distinguishing factor could finally come down to users

plains. “The selection of radio or light can be rapidly changed

as individuals. “Today, the user has no other option than ra-

according to the prevailing conditions such as changes in

dio,” Katz points out. “The use of VLC can therefore empower

the channels, mobility of users, availability of light sources, or

the user. It is another option which is intuitive, secure, pri-

decision by the users.”

vate, and green.”

A control algorithm helps in deciding what is the best way to

Watch the demo video:

transmit information. “In a hospital, in order to reduce possi-

youtu.be/aJLUwekle9k

ble interference to sensitive equipment, the use of light would
be maximised, and the use of radio minimised,” Katz says. “By
13
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EFFORTLESS AWARENESS AND

LOCATION-SPECIFIC
SERVICES

Preventing eavesdropping and ensuring a person’s identity in

explains. “You would have the option, for instance, to turn

a specific indoor environment can be solved with a somewhat

on the television. You would get all the services and all the

simple but surprising solution – light that does not penetrate

gadgets in the living room as the first priority. You could con-

any walls.

trol things from your phone or a watch.”

Privacy is an absolute priority in the innovative light-based

The technical realisation of the VLC transmission includes

solution that 6G Flagship’s visible light communication

RGB LEDs which are illuminating the same way as a normal

(VLC) team is exploring. A recent demonstration on 6G op-

lamp. The communication functions equally well with any

tical communication shows how visible light enables data

colour. “Our demo works in two different ways,” Leikanger

transfer and supports various future services. “In location

specifies. “One way is such that the lamp is blinking. And

awareness based on VLC, we utilise low-bandwidth com-

every time the lamp is blinking, data is sent from the trans-

munication to achieve full room coverage,” says project re-

mitter to the receiver. The other way is such that you cannot

searcher Tore Leikanger.

see any blinking.” Hence, the broadcasted messages can be
sent as visible flickers or blinks in an otherwise non-illumi-

The demo features a miniature house with two rooms - kitch-

nated area, or as invisible transmissions.

en and the living room. “At home in a real-life house, you
could go to the living room and then your phone would auto-

A wearable receiver device called the “jewel” indicates a per-

matically connect to, for example, the speakers,” Leikanger

son’s movement in the rooms by listening to the available VLC
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signals. “When we receive the data from the VLC lamp through
the jewel, it is transmitted to the phone and the phone further
transmits it to a Web server,” Leikanger says. “The system updates both the Android application graphical user interface
(GUI) and cloud server GUI instantaneously. Thus, the Android
application works as a gateway to the cloud server.”
VLC has advantages over RF technologies for indoor positioning due to line-of-sight communication. “Privacy and security are preserved since no location data is shared further
than between the lamp infrastructure and the Android application, except in the demo, where the server is used for GUI
purposes,” Leikanger notes.
Based on the position of the person wearing the “jewel”, or
any similar wearable in the future, and who that person is,
specific services can be provided. Health is a great example
of a potential vertical use case. “When you go, for example,
to a health provider, you will be recognized automatically,”
Leikanger explains. “And for example, using the biometrics
on your phone, you can securely say that you are actually the
right person and you have arrived and you are ready to receive the treatment you need.”

Watch the demo video:
youtu.be/9ZA_FAHuFNg
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LTA DRONE

ASCENDING
TO NEW HEIGHTS

Meet ILMARI, a lighter-than-air (LTA) drone, that travels in-

The demonstration initially shows the drone initially in its

doors with its three helium-filled balloons. Ilmari’s airframe

docking station, a pan-tilt machine vision camera and user

also includes three propellers attached to a one-meter-long

interfaces for PC and mobile phone. Once released from its

carbon fibre rod, and an AI-enabled flight controller. Ilmari is

docking station, ILMARI begins its flight and monitoring rou-

a powerful lightweight - the whole structure only weighs 43 g

tine, reaching an altitude of five meters from the ground level.

(1.52 oz). Yet, it can carry an additional 20 g of measurement

It then follows a pre-determined flight pattern. Telemetry from

equipment – such as machine vision cameras, sensors, and

the drone is shown on a PC screen and a mobile device.

visual indicators - to cost-effectively fulfil its versatile tasks
cost-efficiently.

ILMARI can monitor its indoor environment in 3D for extensive periods. “With the three helium balls, the airframe stays

6G Flagship’s LTA drone demonstration shows how the

afloat at least one month,” Häkkinen says. “Of course, if you

drone’s flight can be automated and extended with edge

want to do manoeuvres with the drone, you also have to use

resources as we progress towards the future 6G network.

electricity. So, the ultimate limit for one-time operation of the

Dr. Juha Häkkinen and his team at the Circuits and Systems

drone is the amount of energy that you are able to carry with

research unit have reduced the drones’ weight and energy

the drone.”

consumption with carefully selected structural and operational choices.

To ensure a maximal flight-time, the LTA drone needs to be
connected to a control and service system which offers re-

ILMARI is a member of the LTA drone family and capable of a

charging and buoyancy optimization as well as sample col-

10-times longer flight time compared to conventional drones.

lection, for instance. The LTA drone offers the researchers

Its more ordinary relatives use a lot of the energy they carry

excellent opportunities to develop all sorts of capabilities re-

with them to stay afloat and make the structure stable.

sembling services that 6G is expected to enable in the future.

“We are saving energy with helium-filled balloons as energy is

“The LTA drone can operate as a highly capable autono-

not wasted to fight against gravity,” Häkkinen explains. “We

mous monitoring and support system, 24/7,” Häkkinen

have also moved intelligence away from the airframe. Most of

highlights. “It can act as an indoor positioning beacon, a

the information processing, the AI that is automating the flight

guide for visitors and as a 3D ultrasonic or laser scanner.

of the LTA, is actually on the network side, in the edge of the

In addition, it can measure temperature and humidity and

6G network. This allows us to save energy and weight in the

even magnetic and RF field and take air or gas samples for

LTA structure.”

further analysis.”
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LTA drone demo system

Häkkinen and his team use a machine vision camera which

drone is safe for indoor environments, delicate infrastructures,

actually provides the location data for the LTA system, in a

humans, and plants,” Häkkinen specifies. “Crashes can be

similar manner to the 6G network would do. “So basically, we

avoided by using a camera or alternatively a light or RF based

have an AI camera that recognizes the LTA while it is flying

radar. In addition, the structure is very soft. So, crashes are not

and automatically calculates the position of the LTA, which

dangerous to the environment. In case of complete failure in

information is of course then used to navigate in the environ-

electronics, the drone does not crash down. Instead, it simply

ment,” Häkkinen points out.

floats to the roof.”

Operating indoors, the LTA drone needs to coexist with struc-

Watch the demo video:

tures and living things. “The crash-free airframe of the LTA

youtu.be/EldC1PVHYtA
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6G Vertical: eHealth

VERIFIED IDEAS FOR

SCALABLE FUTURE
SERVICES

With the continuing global health challenges, remote moni-

“In the home environment, we have a 360 video camera and

toring and consultancy are gaining more attention than ever

we have a close camera, which is integrated to augmented re-

before. Service providers and patients need mobile interfaces,

ality glasses, and then biosensors, which are then connected

but where is the reality? Going forward, the industry must se-

to a patient,” Liinamaa explains. “The data from all those bio-

lect the most promising development paths. To help with the

signals are shown locally on augmented reality (AR) glasses.

choices, researchers at the University of Oulu demonstrate re-

Simultaneously, the data from all the devices is transmitted in

al-life use cases with the technology at hand.

real-time via, for example, 5G to the central hospital. And at the
central hospital, specialists or more experienced doctors can

6G Flagship’s 6G vertical demonstration shows the value of

monitor the received data via VR glasses or close-view includ-

future mobile networks for effectively delivering eHealth ser-

ing then the biosignals from sensors which are connected to

vices. “Our goal is to highlight potential future solutions with

the patient.”

the current state of the art technology,” says Olli Liinamaa
who leads the evolution of 6G Flagship’s experimental in-

Operating over a mobile network creates known challenges

frastructure. “E-health is a good example of a use case, or a

waiting to get solved with 6G. “Since we are stitching 360

vertical, which sets very high requirements for the network

video real time and delivering it that causes unavoidable de-

security, robustness, latencies and so worth. In our demon-

lay,” Liinamaa notes. “The delays are typically 2-3 seconds

stration, we are tackling known limitations in the existing mo-

upwards due to video processing, buffering and format con-

bile networks, and we want to look beyond that.”

version. And if a separate parallel service is introduced with
much lighter processing, such as conversations between lo-

The specific scenario focuses on connectivity during a health-

cal and remote ends, these independent services are not op-

care professional’s visit to a patient’s home. The activities oc-

timally synchronised yet. The multiple streams we now have

cur in the home environment and parallel in the central hospi-

would also need tailored network capabilities and synchroni-

tal. The demo thus merges locality and remoteness giving the

sation which are not yet available. And we have only a limited

viewers a real-time view despite the physical distance.

amount of data that we can transmit upstream towards the
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Screens

High-performing
5G/6G

VR headsets

Phones and
tablets

5G network, which becomes a bottleneck when the solution

other sectors like education and industrial maintenance, the

is scaled.”

commercial deployments are much closer as the requirements
are not as critical as in the health sector,” Liinamaa confirms.

Naturally, these challenges must be solved satisfactorily as we
proceed towards an operation theatre use case and real-time

The versatility of the demonstrated idea is also reflected in the

surgery over the mobile network. “No doubt, plenty of dia-

various user roles it can support - including experts, patients,

logue is also needed between healthcare professionals and

customers, colleagues, and students who are involved in re-

solution developers to select the right biosignals to be shown

mote monitoring, consultancy, and teaching. “We succeeded

in the surgeon’s visual field as AR while performing a surgery,”

in combining the use of AR-glasses, VR-glasses, 360-camera,

Liinamaa continues to list the open questions.

IoT devices and 5G with a very tangible, user-centric scenario,”
Liinamaa concludes. “As a result, our demo gives a nice over-

The experts received an innovation award for their demonstrated idea from the Finnish 5G Momentum ecosystem in
January 2021 which, according to the award statement, significantly reduces the need for travel, and can be utilised in a

view of what can be achieved with the technology at hand.”

Watch the demo video:
youtu.be/aXcplTxK-zo

number of other applications outside the medical sector. “In
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6G Edge: 3D Scanner

VIRTUAL 3D MODELS

IN AN INSTANT

How many cameras does it take to scan a person to create a

ing a scanning system with 144 networked Raspberry Pi

virtual avatar in no time? Edge computing experts at the Uni-

computers that all have a camera attached to them,” says

versity of Oulu know the answer to this riddle which is also an

Dr. Ville Niemelä from the Centre for Wireless Communica-

intriguing research topic.

tions. “These computer and camera packets are arranged in
a cylindrical 360-degree format within a close proximation

In their latest 6G edge demonstration, the experts show how

of the object.”

6G network could be utilised to offload demanding graphics
acceleration tasks through 6G radio to 6G edge to shorten

In this set up, the target object can be as large as a real person.

the data processing time significantly. “We are demonstrat-

“To cover the surface of an entire human object, the system
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takes simultaneously 288 pictures,” Niemelä says. “These 288
pictures are transferred to a mobile network edge server using 6G radio. Thus, the radio is used as a source when creating
a 3D model of the target object.”
The demo illustrates a combination of several technologies
available in future 6G network. “We wanted to experiment
with the end-to-end functionality,” Niemelä explains. “This
is a great example of future applications and services, which
require high computational power and high data speed when
the time duration is a challenge as well. In the future they can
form a complete service which is offered for a customer thus
creating a fluent end user experience. All of these different aspects need to work together in a seamless way, and at a very
fast pace.”
6G edge computing will offer computing power close to the
6G base station. As a result, it removes the need to transfer
data to internet servers. It also reduces the delay between
the user device and the centralised server computer to a minimum. “By utilising edge computing services, the end user
has significantly more computing and graphics acceleration
power available than mobile devices can usually offer, but with
increased data transfer requirement,” Niemelä says.
The demonstration also utilises the fast data transmission
that 6G radio can offer. “We can enable fast and efficient data
transfer not only between the 3D scanner cameras and the
edge server but also from the edge server to a mobile device,”
Niemelä adds. “In the current demo, picture taking can be
controlled remotely using a mobile device. The same or another mobile device can be used to view the produced 3D model.”
Virtual and augmented reality environments are a natural use
case for the produced 3D models. “The application itself provides very accurate dimensions of the object, and the avatar
or object can be made to move in various ways, virtually. It can
also be viewed as it is, or simply to observe different aspects
of the extremely accurate model, or if desired, to detect only
changes if the use case is to discover very small variations,”
Niemelä says. “One can also print it using a 3D printer. Not a
bad idea, if you are missing a piece in a board game.”

Watch the demo video:
youtu.be/_TvQ6JJ_S7U

Correct answer: 144 cameras
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SUSTAINABILITY

MUST BE TAKEN SERIOUSLY
6G Flagship appointed Dr. Marja Matinmikko-Blue Director of

dustry, and regulation. Similar topics were discussed in both

Sustainability and Regulation in October 2021. The appoint-

panels but from different points of view covering especially

ment not only formalises the importance of sustainability and

the role of regulation and standards, societal, economic, and

regulation in the long-term 6G research, development, and in-

environmental sustainability, and connection to UN SDG

novation (RDI) but also urges to act now.

framework, and the stakeholders’ views differ. “Reaching
long-term compromises requires proper stakeholder man-

Being a researcher, Dr. Marja Matinmikko-Blue’s approach on

agement so that relevant voices are heard, not forgetting the

sustainability builds on firmly established principles and prac-

academia,” she stresses.

tical impact. “I see sustainability as the big goal and sustainable development as the actions needed to achieve the goal,”
she explains. “What sustainability means to me comes from

Promise of sustainable 6G

Joint 6G vision building led by 6G Flagship has identified

the decades’ old definitions – the principle of ensuring that

sustainability as a key driver for 6G already in 2019. “Now 6G

our actions today do not limit the range of economic, social,

vision building is taking more concrete steps but sustaina-

and environmental options open to future generations. There-

bility seems to be ignored,” Matinmikko-Blue laments. “Re-

fore, there is no need to reinvent the definitions, but we should

searchers struggle to figure out what sustainability means

instead focus on the ways to bring sustainability into reality in

in the context of their own research, which is where I want to

our day-to-day research, development and use of information

contribute,” she continues. “If designed intelligently, 6G can

and communication technologies (ICTs).”

decrease the environmental footprint of the telecommunications sector. Currently limiting the inevitable growth has dom-

Right after her appointment, Matinmikko-Blue hosted two

inated the discussion.”

webinars on ICT and sustainability – a panel on ICT sector’s
own sustainability impact and another panel on ICT’s ena-

Yet, the ICT sector has the potential to enable new applica-

bling role in future sustainable society. The panellists repre-

tions that will help other sectors to fight major sustainability

sented different stakeholder perspectives of academia, in-

challenges, including the climate change. There are great ex-
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pectations for 6G to boost global economic growth, create

How should regulations change towards 2030 is a topic to

new business models and enable the technologies needed

address. And why should academia act? “My approach has

to reach global sustainability goals. “We need to set the goals

been to emphasize expertise and inter-disciplinarity – neither

high together with relevant stakeholders,” Matinmikko-Blue

of which is truly accomplished without stakeholder collabo-

urges. “We cannot wait until 2030 and 6G and we should not

ration,” Matinmikko-Blue underlines. “It is easy to get lost in

only stress ICT’s enabling role. There is so much that must

opinions and details to promote one stakeholder’s interest

be accomplished within the ICT sector itself in the coming

and forget the bigger goal. In an industry that is often steered

years including indicators and measurement methods for the

by the short-term goals of individual stakeholders, I attempt

sustainability of ICT and making real data available for the re-

to guide long-term outcomes that are good for humanity. We

search community to develop new innovative solutions. For

are all impacted by telecommunications development, and it

me the continuing demand for more and more mobile data

is important that future deployments are ubiquitous, sustain-

contradicts the sustainability principle and new indicators are

able, and affordable to all.”

needed to assess nations’ forerunner position in mobile communications instead of total consumed mobile data.”

Good for humanity

Matinmikko-Blue has been a regular speaker in different forums, not afraid to bring up topics that differ from the mainstream such as promoting spectrum sharing and introducing

Matinmikko-Blue’s appointment also covers regulation, which

new local 5G operator models. In her new role as Director, Sus-

is a key tool towards sustainable solutions. “In science, regu-

tainability and Regulation of the 6G Flagship, Matinmikko-Blue

lation is often about managing complex systems according to

says she can officially spend her days on sustainability and

a set of rules and trends, and in a legal context it is related to

regulatory issues in the context of mobile communications

official rules,” Matinmikko-Blue says. “ICT sector and specifi-

and more broadly ICT. “I took a cross-disciplinary approach

cally telecommunications are highly regulated. It is important

20 years ago when I realized that the development of new

to understand this complexity in the development of future

wireless solutions was heavily influenced by the underlying

solutions to be able to have real impact.”

regulation and business aspects,” she says. “It has not been
a straight-forward path, but I have not regretted it. After all,

Matinmikko-Blue’s own research topic, spectrum manage-

research is collaboration with stakeholders, and we should do

ment, cannot be addressed without considering related reg-

everything in our sector towards the big goal of sustainability.”

ulations. “New innovative sharing-based spectrum access
approaches have remained as an academic exercise to a large
extent, not adopted widely in regulation,” she notes. “Also,

Read more:

www.oulu.fi/6gflagship/news/director-marja-matinmikko-blue

new regulations related to sustainability aspects are needed
and their impact on the sector is unknown.”
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LARGE-SCALE
INFRASTRUCTURE

ACCELERATING DIGITAL
TRANSFORMATION
Scalable technology for robust and secure digital infra-

update. Altogether 25 partners from 15 countries, including

structures is a key asset for Europe in the tightening glob-

the University of Oulu as the unique partner from Finland,

al competition. Recently the European Strategy Forum on

jointly develop the infrastructure and build expertise to sup-

Research Infrastructures (ESFRI) announced a €4.1-billion

port the accelerating digital transformation.

investment in excellent science contributing to address
European challenges.

As the first Research Infrastructure (RI) its domain, SLICES
aims to become an impactful RI in Digital Sciences focusing on

“After two years of hard work, following a thorough evaluation

computational power and connectivity solutions. SLICES-RI,

and selection procedure, ESFRI proudly announces the 11

about to be deployed, tackles the fast-growing energy con-

proposals that have been scored high for their science case

sumption of ICT and supports the implementation of the

and maturity for implementation and will be included as new

European Green Deal. The RI offers high-quality experimen-

Projects in the ESFRI 2021 Roadmap Update,” the ESFRI’s

tation services with emerging technologies in area of digital

press release states.

sciences, including 5G/6G, Network Function Virtualization
(NFV), IoT and cloud computing, in an Internet-scale setup.

The Scientific Large-scale Infrastructure for Computing/
Communication Experimental Studies, SLICES in short, is

Another key component of the project, SLICES Starting Com-

one of the new projects selected for the ESFRI 2021 roadmap

munity (SLICES-SC) will design and deploy the necessary
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solutions for an easy-access scheme for users from different disciplines. In SLICES-SC research organisations create and strengthen necessary links with relevant industrial
stakeholders for the exploitation of the infrastructure, adperiment repeatability.

European Strategy Forum on
Research Infrastructures (ESFRI)

The project team has designed a set of detailed research

The European Strategy Forum on Research Infra-

activities to materialize these efforts in tools for providing

structures (ESFRI) is a self-regulated European

transnational access to the facility, both remote and physical,

body composed of national delegates and a

as well as virtual access to the data produced in the facilities.

Commission representative. The ESFRI supports

This ensures repeatable experiments regardless of the phys-

a strategy-led approach to policy making on Re-

ical infrastructure as well as valid experimental results, which

search Infrastructures and establishes the Euro-

are easy to cross-reference and replicate.

pean roadmap for Research Infrastructures for

vance existing methods for research reproducibility and ex-

the next 10-20 years. It facilitates multilateral
“6G Flagship contributes to SLICES especially through its

initiatives leading to development and efficient

experimental platform, which is developed towards 6G,

use of Research Infrastructures, with the ESFRI

through targeted training and co-creation with industry,”

acting as an incubator for new initiatives.

says Esa Posio, SLICES project manager at the University of
Oulu. “We are very excited to synchronise our approach on re-

The ESFRI Roadmap arguably contains the best

search infrastructures with the project partners to ensure wide

European science facilities based on a thorough

usability of our experimental facilities and related services.”

evaluation and selection procedure. It com-

Read more:

bines ESFRI Projects, which are new Research
Infrastructures in progress towards implemen-

slices-ri.eu

tation, and ESFRI Landmarks successfully im-

esfri.eu

plemented Research Infrastructures enabling
excellent science.
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CRITICAL
COMMUNICATION
SOLUTIONS

FOR PUBLIC SAFETY AND

BROADBAND
SERVICE

IN EXTREMELY REMOTE LOCATIONS
26
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PRIORITY research project develops and trials critical com-

and amount of fertiliser in the field,” says R&D Manager Marjo

munication solutions for authorities and remotely located

Heikkilä from Centria University of Applied Sciences.

businesses. A key target for using commercial wireless networks is to complement existing critical voice and messag-

Tests have been successful, and it is now better known how

ing services with broadband data capability.

artificial intelligence, IoT, 5G communications and satellite
analytics are creating new opportunities for businesses and

The significance of critical communication lies on the one

helping to develop the solutions of the future in data-driven

hand in the divergence of societal threats: cyberattacks,

society also in remote areas.

asymmetrical warfare, and climate change. On the other
hand, developments in ICT technology, such as artificial in-

PRIORITY consortium consists of 5 research partners and

telligence, the internet of things, and 5G communication,

13 companies and authorities. The research parties include

create opportunities for entirely new solutions, businesses,

the University of Oulu, Centria University of Applied Scienc-

and ecosystems in critical communication.

es, Turku University of Applied Sciences, Jyväskylä University of Applied Sciences and VTT Technical Research Centre

“We are witnessing a major global paradigm shift in public

of Finland. In addition, five companies of the consortium -Air-

safety communications and operations. Mobile broadband

bus, Bittium, Digita, Exfo, Keysight- have their own parallel

communications and mainstream ICT technologies are the

industry projects ongoing. Other partners are the Finnish

key enablers of the change. Additionally, new threats are chal-

Transport and Communications Authority Traficom, Finnish

lenging the safety and security of societies,” says Dr. Harri

Defence Forces, Rescue services in Finland, Elisa, Erillisver-

Posti, the project manager at CWC, University of Oulu.

kot, Fairspectrum, Verkotan and Central Union of Agricultur-

Intelligent farming technologies tested

al Producers and Forest Owners of Finland.

One of the research topics of the project is also Smart Rural

The project runs in co-operation with the 5G Test Network

Business, which aims to increase the vitality and attractive-

Ecosystem. It also serves the 6G Flagship programme by

ness of sparsely populated areas. Critical enablers of smart

providing input and requirements in critical communica-

rural business include digitalisation, advanced telecommu-

tion. PRIORITY is an excellent example of a vertical project,

nications, and artificial intelligence. High-quality communi-

meaning applied research. Earlier launched 5G VIIMA was

cations networks are needed urgently in data-based farming

a similar vertical project that benefits from the existing test

which is future trend. They demand reliable, cost-efficient,

network and shapes its development.

secure, and broadband last-mile data transfer to enable
many automated functions of Smart Farm.
“In PRIORITY project’s field trial, we built a local 5G network
on a farm so that efficient data transfer and problem situations could be thoroughly simulated. The local network offered services for Smart Farms such as remote tractor control
and transferring drone images sensor data from fields. Drones
with AI had an important role in identifying foreign objects
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AUTONOMOUS
AERIAL VEHICLES

WILL BENEFIT FROM 6G
About LTA drones
Drones are an essential part of the 6G world. One of the new 6G

“With 6G technology, electronics are made very small,” ex-

demos, published in 6G Flagship´s YouTube channel, shows

plains university researcher Dr. Juha Häkkinen from the Cir-

how lighter-than-air (LTA) drones will benefit from 6G edge com-

cuits and Systems (CAS) research unit. “The device can float

puting resources for lighter weight and increased flight time.

in place for several hours without consuming almost any energy. It is almost silent and unobtrusive. The intelligence that

In the future, we can use the 6G network to fly LTAs indoors. The

controls the flight is online and not in the drone itself. The ma-

demo video introduces a use case where an LTA monitors the

chine vision camera transmits location information to the arti-

quality of the infrastructure 24/7 and guides visitors. It can, for

ficial intelligence system and recognizes where the device is

example, be used to create a digital twin from the environment,

flying and continuously calculates its position.”

to monitor changes and maintenance needs, or to identify who
is moving in the space and what kind of services they need.

In sleep mode, the device stays in the air for at least a month.
Electricity is needed to get around. The battery size and charge

The body of the demo device is a carbon fibre rod one meter

limit the time you use it. “LTA drone is a great example of an

long and 2 millimetres in diameter. Three 40-centimetre helium

end device with limited processing capability,” says Dr. Tuomo

balls are attached to it. The control electronics weigh only 6

Hänninen, research manager at 6G Flagship. “With the help of

grams. The payload per application can be 20 grams: for ex-

low latency edge computing, it becomes an extremely versa-

ample, a camera that transmits a live image or sensors that

tile platform.”

measure temperature, humidity, carbon dioxide, or other.
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About FUAVE
The Finnish UAV Ecosystem (FUAVE) is a research program

6G Flagship is one of the key partners in the FUAVE consor-

that develops an RDI partnership network for the autonomous

tium. One of the test areas’ headquarters is located on the

aerial vehicles (UAV) sector. The program promotes network-

Linnanmaa university campus in Oulu, Finland. Integration of

ing between research and business to boost the societal im-

the local 5G test network (5GTN) with several UAV platforms

pact of high-quality research. The new RDI partnership eco-

is ongoing. These services benefit each other. 5GTN offers

system supports the development of the Finnish knowledge

connectivity and data processing capabilities for drones

base, competence spearheads and business related to the

whereas drones can be used for measuring the capabilities

future unmanned aviation and its applications.

of wireless connectivity.

The six controlled test areas, that FUAVE has established,

To receive more information about FUAVE
Test Areas, visit:

function as the basis for sustainable development of unmanned aviation. The areas are a fundamental facilitator for

fuave.fi/contact

e.g., beyond visual line of sight (BVLOS) operations. City and
rural area test areas provide a single-entry point and onestop service point for any matters associated with research
and business activities within the U-Space as well as applications of UAVs. The test areas can be utilised for testing,
research, and demonstration purposes to develop safe, secure, and all-weather UAS technologies and promote scalable urban/rural air mobility solutions.
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Collaboration

FINNISH−JAPANESE COLLABORATION
EMPHASISES A HOLISTIC APPROACH:

6G IS NOT
ONLY TECHNOLOGIES,
BUT IMPROVING
QUALITY OF LIFE
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During the past year, 6G Flagship has expanded its interna-

wards beyond 5G. We hope Japan-Finland collaboration can

tional ecosystem by starting new collaboration projects with

leverage the best both can offer.”

other top-notch 6G R&D programmes globally. One of the
most significant collaborations is now in progress with the Be-

Prof. Matti Latva-aho, Director of 6G Flagship, echoes the

yond 5G Promotion Consortium (B5GPC) of Japan. B5GPC is

views of his Japanese colleague. “We share same vision and

a forum to share information on beyond 5G among industry,

same values on what 6G is,” he says. “Requirements needed

academia, and government, and to discuss how to promote

for sustainability are a good example of it. As Japan is a major

efforts towards the early realisation of 6G. The Consortium is

global player in the development of mobile technologies, we

chaired by University of Tokyo, and its Secretariat is headed by

have a strong background for collaboration.”

the Ministry of Internal Affairs and Communications of Japan.
6G Flagship and B5GPC signed an MoU on 6G R&D collabo-

Collaboration in several topics

University of Tokyo showed one example on Japan’s bidirec-

ration in June 2021 which aims at developing 6G technology

tional globalisation when it invited Prof. Latva-aho as Global

components and contributing jointly to global 6G standardi-

Research Fellow.

sation and regulatory development.
“We plan to teach classes and supervise students on both
Prof. Akihiro Nakao, who leads the Collaborative Research In-

sides together, as well as gain research funding for pursu-

stitute of Next-Generation Cyber Infrastructure at University

ing international collaborative research projects,” Prof. Na-

of Tokyo and chairs the International Committee of B5GPC

kao elaborates. “We have received government funding for

describes the cooperation.

ten large-scale national projects, including semiconductor
development, mmWave and sub-THZ communication, LEO

“One of the most fundamental principles of B5GPC is ‘Glob-

(low Earth orbit)-satellite communications, and more at Col-

al First’, meaning developed technologies must be available

laborative Research Institute of Next-Generation Cyber In-

globally,” he says. “We also think ‘bidirectional globalisation’

frastructure at University of Tokyo. We hope we can leverage

is important: export own technologies, but also build a hub

combining research outcomes from both University of Tokyo

of excellence, bringing in researchers and engineers, new

and University of Oulu.”

visions, and technologies for co-creating values for our society. With 6G Flagship we can jointly develop and combine

Prof. Latva-aho has similar views. “It is always more efficient

communication technologies and create a common vision to-

to achieve something by doing collaboration – also when

Prof. Matti Latva-aho

Prof. Akihiro Nakao
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competing on research funding,” he says. “I really count on

massive improvement in power efficiency, security based

our joint visions and plans how 6G Flagship and B5GPC can

on quantum mechanics, AI-driven network optimisation, in-

complement each other’s work.”

tegration with satellite networks and more,” Prof. Nakao explains. “For day-to-day life, all this means people will have a

Prof. Nakao defines funding questions more closely. “Ministry

more seamless experience communicating with each other,

of Internal Affairs and Communications has allocated $500M

as well as interacting with services and devices.”

funding for promoting beyond 5G R&D from which $300M
has allocated for R&D for various academic and industry col-

“And all this should be offered to everybody around the world.

laboration projects for several years, and $200M for build-

Then we could contribute to achieving a Sustainable Devel-

ing beyond 5G national testbed,” he says. “More funding

opment Goal 9 which aims at building resilient infrastructure,

is expected from the government for R&D to even further

promoting sustainable industrialisation, and fostering innova-

promote the collaborations. We hope the Finnish−Japanese

tion,” Prof. Latva-aho complements their joint view.

collaboration can also be expanded to academia-industry
collaboration and could enable leveraging of various forms of
cooperation structures.”

Holistic approach needed in 6G R&D

Also challenges ahead

As 6G will cause a holistic change, it means challenges for R&D.
According to Prof. Nakao, the most demanding work includes
developing solutions for improving the quality of our social life,

In addition to joint topics, both 6G Flagship and B5GPC are

not just technically, but by considering diversity--respecting

eager to talk about the need of holistic approach in 6G R&D. It

individuals and differences, inclusiveness--leaving no one be-

is widely needed as wireless mobile technologies are already

hind, and sustainability--retaining economic, environmental,

now a part of critical infrastructure. Their role will be even

and social continuity.

more critical in the future, as 6G technologies will evolve into
social infrastructure that integrates cyberspace with the real

Prof. Latva-aho agrees with Prof. Nakao and continues. “6G is

world (physical space) and plays a central role as a national

a research challenge of a lifetime in our sector so far,” he says.

backbone of knowledge-intensive society.

“Even though there are a lot of new technologies needed to be
developed, multidisciplinary research is needed much more

“In fact, technologically, the aims of 6G include not just about

than ever before, and also international collaboration is need-

higher speeds and faster response in communications, but

ed more than ever before.”
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Prof. Nakao reminds of the most important points.
“We must consider high ethics to preserve privacy
and social acceptance of the developed technologies, such as data governance, protect the global
environment and achieve carbon neutral and green
recovery, and no one may not be left behind in benefitting from developed technologies. Beyond 5G
R&D cannot be realised within a single country.”

Todai – University of Tokyo
• The University of Tokyo is a public research
university located in Bunkyō, Tokyo.
• The university was established in 1877. It is the
first Imperial University and currently selected
as a Top Type university of Top Global University
Project by the Japanese government.
• University of Tokyo has ten faculties and 15 graduate schools. The five campuses are located in
Hongō, Komaba, Kashiwa, Shirokane and Nakano.
• In 2021 the University of Tokyo had full-time
Academic staff of 2 575 and 28 171 Students;
14 033 Undergraduates, 14 138 postgraduates,
6 007 Doctoral students and 616 research
students and auditors.
• The university enrolls about 30,000 students,
about 4,200 of whom are international students.
• As of 2021, University of Tokyo’s alumni, faculty
members and researchers include seventeen
Prime Ministers, 18 Nobel Prize laureates, four
Pritzker Prize laureates, five astronauts, and a
Fields Medalist.
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CHALLENGES
OF REMOTE AREA
CONNECTIVITY

IN NORTHERN FINLAND
A multidisciplinary team at the University of Oulu is currently

picture of the user experience in remote areas. Therefore, we

surveying connectivity challenges and their impact on citi-

chose to explore everyday activities, in which connectivity is

zens’ everyday lives and occupations in Northern Finland, es-

essential and which the inhabitants of remote areas cannot

pecially in remote areas. Face-to-face interviews in Finnish

do properly or at all if connectivity fails.”

Lapland and an online survey targeting Arctic areas globally
have so far resulted in more than 300 responses which have

In October 2021, the Ministry of Transport and Communica-

revealed a variety of use cases demonstrating that connec-

tions of Finland increased the universal speed of the univer-

tivity is not sufficient, by any standard.

sal service broadband, which refers to appropriate internet
connections, from 2 Mbit per second to 5 Mbit per second.

“Well-functioning communications are a corner stone of our

“The universal service is the last-resort safety net guaran-

digital society and should be at everyone’s reach. Indeed,-

teeing access to basic services if market-based solutions

connectivity should be seen as a civil right,” says Dr. Harri

are not available,” the Ministry specifies in its press release.

Saarnisaari, leader of the effort at the University of Oulu.

“The universal service is available for consumers and mi-

“Statistics and coverage maps do not provide a thorough

cro-enterprises.”
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Thus, in Finland, for incoming internet traffic, the minimum

ensure connections and related digital skills for many years

speed should be at least 3.5 Mbit/s, the normal speed at

ahead. The complexity is puzzling, to say the least.

least 4.5 Mbit/s and the maximum speed at least 5 Mbit/s.
Minimum speed refers to the minimum speed of a subscrib-

“We wanted to discover, why the connectivity problems have

er connection, which is almost always maintained. Normal

not been solved although the technological solutions are al-

speed is the speed that is maintained in 90 per cent of cas-

ready available,” Saarnisaari says. “Based on the survey re-

es during each four-hour measurement period. Maximum

sponses and our own investigations, we have identified key

speed, on the other hand, refers to a speed that is maintained

challenges considering the current and upcoming technol-

at least for part of the time.

ogy, the availability of services, and the actual investments
that individuals would need to make to acquire equipment

It is of interest to compare these numbers to what is actu-

and a monthly subscription.”

ally needed. 5 Mbit/s is sufficient for browsing web pages
quite fluently as well as for filling in online forms, assuming

Optical fibre provides very high capacity, but the availability

that the connectivity is continuous. High-volume web pages

is scarce further away from main roads. The price may also

and large files require more time to load. For example, it takes

be too high for a single household or company.

about 3 s to download 1 MB (1 Byte= 8 bits) and 38 minutes
to download 1 GB at 3.5 Mbit/s data rate, whereas with 100

With fixed wireless access, capacity is reserved from the

Mbit/s the latter takes just about 1.5 minutes. As an example

base station. Acquiring the connection is easy because the

of a streaming service, standard-definition (SD) requires 3

service provider installs it. However, the quality of the con-

Mbit/s and high-definition (HD) 5 Mbit/s of fluent connec-

nection, e.g. speed, depends on the distance to the base sta-

tion, whereas 4K video already needs 25 Mbit/s.

tion and causes plenty of challenges in locations which are
further away from the base station.

In practice, communications in Northern Finland do not
function as smoothly. “The targets set by the government

Mobile connectivity via a mobile/smart phone, on the other

are a good starting point, but residents of remote areas

hand, supports user mobility but lacks in stability even in

need more,” Saarnisaari urges. “Operators’ coverage maps

towns. When the number of users or data connections in-

give only a partial picture of the actual internet speed. Ca-

creases, a single user easily faces interruptions due to re-

pacity problems often burden mobile connections so badly

duced speed. For instance, next to a school connectivity can

that people’s online activities are hindered. The steadier fi-

be poor during the breaks between teaching hours and sim-

bre connections are not necessarily available either as the

ilarly after school in neighbourhoods where many students

Monitori service shows. They can also be very expensive

use their mobile phones. This may endanger the connectivity

depending on the person’s residence.” Monitori is a free

of critical services nearby. Smart phones come with limita-

online service offered by Traficom - the Finnish Transport

tions too as they have different levels of sensitivity to receive

and Communications Agency - which provides information,

a signal and their resistance to cold weather varies, which are

e.g., on the speed of mobile broadband throughout Finland

important characteristics in the northern outdoor environ-

based on geographical information.

ment. Users have for instance noticed major differences even
between models by the same vendor. There is a clear lack of

For instance, in Pelkosenniemi, close to Pyhätunturi skiing

information regarding usability of specific smart phones in

resort , the 4G network of 30 Mbit/s covers 84% of house-

demanding environments. When making a purchase, which

holds, based on Monitori’s information. Fibre at 30 Mbit/s, on

may be expensive, users find it difficult to make sure that the

the other hand, is available only for 59% of the households.

smart phone will indeed serve its purpose in practise.

This does not specify, though, what happens in peak periods
in an area impacted by an increasing flow of visitors and re-

Mobile connectivity via a separate modem, or a router, has

mote workers, especially during the pandemic. Remote work

clear advantages in comparison with a smart phone as a

is expected to become more and more popular in the future,

booster for wireless connectivity. The antennas in a modem

calling for increasingly reliable connections.

can be ten times better than in a smart phone and they are

Puzzling technological choices

not obstructed by the user’s head or hand. Modems are available for both indoor and outdoor use. A downside is that the

Individuals, companies, and public service providers in re-

modem must be installed high to ensure the best possible

mote areas are highly dependent on technologies which are

line of sight to the base station. In practice, outdoor modems

more restricted when moving away from the main roads.

can often be installed higher. Some modems are also com-

In-depth information on the available connectivity options –

patible with additional external antennas, but their func-

including pros and cons – and training would be needed to

tioning should be verified before the warranty expires since
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users have observed problems with some models. External

ty issue,” Saarnisaari urges. Some parts of today’s unconnect-

antennas should also be directed properly towards the near-

ed wilderness are now rather busy as they have become more

est base station and equipped with a good-quality antenna

popular in the pandemic era. Whether these truly remote areas,

cable which is as short as possible since antenna cables

would need at least the minimum speed 3.5 Mbit/s, which is

have losses that reduce benefits of external antennas.

guaranteed by universal service, is an issue to be discussed
by societal actors. “The minimum requirement should include

Satellite connections will improve in 2022 or 2023 with sev-

SMSs, exchange of personal location data and data from GPS-

eral established and newcomer service providers. In princi-

based dog and reindeer tracking devices, as well as access to

ple, satellite connectivity could be available everywhere, if

weather reports,” Saarnisaari suggests. “These services are

visibility to the sky is ensured. Availability for consumers and

often used by outdoor-oriented individuals and professionals.

in specific countries, data rate, and pricing mechanisms are

If the coverage area would be improved, also emergency calls

examples of unclear issues related to their future use. The

and SMSs would be possible in these areas.”

expectation is that consumers would need a somewhat
large-sized digital satellite receiver and a monthly subscrip-

Unlike road coverage, wilderness coverage is not a require-

tion to gain access. From service providers’ point of view,

ment according to the current frequency licenses in Finland.

profitability is a key issue. One reason is that small satellites

“Cooperation between operators would be essential to make

need to be replaced with new ones every five to seven years

it economically feasible, but many challenges remain since

which raises a question about the lifetime of the solution.

potential locations for base station are often outside the power grid,” Saarnisaari says. “We need to come up with solutions

Local 4G and 5G networks are already available for private

for powering base stations and reducing their energy con-

use in industry campuses, for instance. However, the use of

sumption on a global scale to connect the remaining billions

local 4G and 5G networks for remote area connectivity for

of unconnected people. We have discussed our visions and

consumers is still an open topic. Also, practical aspects such

possible solutions for these world-wide challenges in our 6G

as the need for several SIM-cards remain open.

White Papers.”

Once connectivity is in place, local connection for devices is

The 300 survey results received by the project team reveal

often established via WiFi, to ensure mobility at home and at

numerous activity types that unstable or lacking connections

workplace. Indeed, many modems readily include a WiFi-rout-

hinder or endanger in remote areas - at home, in school, at

er. However, WiFi’s range is typically short, between 10 and 20

work, in traffic, when using or proving health and emergency

metres, which means that the user may need several WiFi de-

services and during leisure time. “These are examples from

vices and separate WiFi networks for indoor and outdoor use.

the data we have collected, and they are illuminating real-life

Services at everyone’s reach

experiences of inhabitants and professionals residing in Arctic areas,” Saarnisaari notes. “Connectivity problems can last

Independent of the technological solutions, basic services

for a long time and therefore have a direct impact on pro-

should be at everyone’s reach in the same price category. “Con-

ductivity and quality of life. The challenges will become even

nectivity is essential to ensure attractivity and competitivity of

greater as digitalisation speeds up thus increasing inequality

rural and remote areas in the digital society, but it is also a safe-

between the connected and the poorly connected.”
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Everyday
life at home

nections would be a local wireless network which is made
• Online food orders

possible by the law. “A so-called mobile cooperative could

• eBanking

function as a local operator bringing services to the village,”

• Use of social platforms

Saarnisaari notes.

• Streaming services
• Online gaming

The region of Lapland realised a broadband survey in spring
and summer 2021 in collaboration with 14 municipalities

Education
and school

which resulted in 2.224 responses. The results show that
• Remote lectures

78% of the respondents rely on mobile connections and only

• Contacts with teachers

7% use optical fibre although it should be available for 23%

• Access to online material

of households based on Traficom’s statistics. “The survey
responses analysed by the region of Lapland clearly demon-

Work

strate that inhabitants are much more interested in acquiring
• Remote work from home or
cottage
• Contacts with customers and
chat functions
• Massive file transfer

a fibre connection if the cost does not exceed 1.000 €,” Saarnisaari notes. “We now see that services are finally surfacing
in Lapland in this price range, making fibre more affordable for
a larger community, if you happen to reside in the proximity of
an available connection.”

• Company’s website
management
• Credit card charges for sales

Yet, investments continue to centralise in areas where plenty of
income and fast return on investment can be expected. “The
model based on commercial services has not increased equal-

Traffic

ity, quite the contrary,” Saarnisaari says. “We must ensure suf• Follow-up on logistics

ficient minimum speed and 24/7 availability per household or

• Road safety

person.” The quality of service is much more important in mobile connections than the minimum signal power or calculative
maximum speed that are currently used in coverage maps.”

Health and
emergency
services

• Remote consultancy

Leisure
(outside
home)

• Contacts with family and

• Access to medical records
• Rescue operations
Research on arctic connectivity is realised in collaboration
with Luleå University of Technology within the Arctic 5G Test
friends
• Locating services
• Personal safety in the wilderness

Network project funded by European Regional Development
Fund Interreg Nord, Lapin Liitto and Region Norrbotten.

Read more:
arctic5g.eu

In addition to homes and workplaces, connectivity challenges
occur also on roads. “Local residents know in which sections
of the roads connections are interrupted,” Saarnisaari notes.
“This is also a security challenge, because calling for help in
an emergency would not be possible. Also, the operation of
emergency services may be jeopardized.” In October 2021,
Traficom requested that operators should fix coverage problems in specific road sections, but the problems are much

On online survey on connectivity challenges
in Arctic areas is open until the end of the
year 2021:
arctic5g.eu/questionnaire-44007610

6G White Paper on Connectivity for
Remote Areas:

www.oulu.fi/6gflagship/6g-white-paper-connectivityremote-areas

wider, Saarnisaari adds.
Inhabitants suffering from unreliable connections have mobilised in several northern Finnish villages and have established so-called fibre cooperatives to acquire optical fibre
connection for their use. Another option for more stable con37
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EUROPEAN SMART
SPECIALISATION PARTNERSHIP

IN WIRELESS ICT

Smart specialisation partnership in wireless ICT is an interre-

solutions in different verticals,” says Mika Rantakokko from

gional initiative launched in January 2021 that builds on the

6G Flagship programme, coordinator of the partnership.

assets, resources, and expertise of industrial regions in Europe. The innovation ecosystem co-led by the University of

The partnership seeks possibilities to create interregional

Oulu consists of 11 frontrunner regions in nine countries with

value chains based on the employment of wireless ICT. “The

a network of tens of research, development, and innovation

goal is to boost business development and to improve the

(RDI) organisations. The coordination work is co-funded by

productivity of industries including health, smart manufac-

European Regional Development Fund (ERDF) and Regional

turing, autonomous vehicles and smart city development,”

Council of Oulu, Finland.

Rantakokko specifies. “The partnership is closely linked to

Sustainable solutions in verticals

the 6G Flagship’s co-creation efforts, especially regarding
its strategic vertical areas.”

The regions with their specific profiles and with the competencies of the RDI organisations complement each other in

New wireless technologies enable sustainable, energy and

exploiting ICT as an enabler for innovations. “The partners

resource-efficient and as well as more secure solutions. “The

collaborate, for instance, in recognising use cases where

use cases that the partnership promotes include, for exam-

wireless ICT technologies can be utilised to develop new

ple, the creation of energy-efficient computing centres, or
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green centres, and support for energy providers on how to

example, the currently open Interregional Innovation Invest-

manage and control also remotely the distribution of ener-

ments funding programme is linked to smart specialisation

gy or the maintenance of buildings with the latest and future

partnerships, specifically,” Rantakokko highlights. “The pro-

technology,” Rantakokko notes.

gramme provides funding and support for companies to de-

Support and access for companies

velop digital solutions related to digital transition, green transition and smart manufacturing.”

The partners involved in the Smart Specialisation Partnership
have direct linkages to companies in their respective eco-

Companies, as well as RDI organisations and regions, inter-

systems. “The research organisations involve companies in

ested in joining the partnership are invited to contact partner-

their activities and can for example give access to the latest

ship coordinator Mika Rantakokko (email mika.rantakokko@

research results which can greatly improve the productivity of

oulu.fi) to investigate collaboration possibilities within this

companies,” Rantakokko says.

exciting European partnership.

Small and medium-sized enterprises (SMEs) in the partic-

Read more:

ipating regions also have a central role in new collaboration

s3platform.jrc.ec.europa.eu/en/wireless-ict

projects as possible beneficiaries of available EU funding. “For

RDI organisations in the participating regions include, e.g. Eindhoven University of Technology, The Netherlands;
i2CAT, Spain; Fraunhofer, Germany; University of Bologna, Italy; IMEC, Belgium; and Luleå Technical University, Sweden
(co-coordinator of the partnership).
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HIGHLIGHTS
Software engineering research unit
ranked high

unit head Prof. Markku Oivo is ranked 16th globally. Among

A recent bibliometric assessment of software engineering

more, Valentina Lenarduzzi is ranked 19th in the early stage

themes, scholars and institutions covering years 2013–2020

category. She will start as a Tenure Track Assistant Professor

sought to discover who are the most published scholars in the

in M3S in January 2022.

the most active consolidator SE researchers in top-quality
journals, Burak Turhan is ranked 10th in the world. Further-

field of systems and software engineering and which are the
most published institutions globally.

Researchers at M3S have robust industry collaboration and a
proven track record in making high impact in the industry. Head

Our researchers at the M3S research group gained sever-

of the unit, professor Markku Oivo emphasises that it is advisa-

al outstanding positions in the study. In the most challeng-

ble to see cars as software environments these days. “One car

ing category, Top Journal Publications, the experts from the

can have up to 200 software licences and 200 million lines of

University of Oulu are among the very best, ranked 7th in the

code. The research will address how extensive software pack-

world and 2nd in Europe! Notably, University of Oulu is the

ages can be built efficiently and in a decentralised manner. The

only university from Finland that made the list. We also land-

key is that everything must be safe, functional and sustainable.”

ed in the top 50 (ranked 36th) among most active institutions
in software engineering research considering all top quality
publication venues, both journals and conferences. In most
active experienced SE researchers in top-quality journals, the
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Read more:

www.oulu.fi/m3s
doi.org/10.1016/j.jss.2021.111029
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6G Flagship appoints Dr Matinmikko-Blue
Director, Sustainability and Regulation
Dr. Marja Matinmikko-Blue is appointed Director, Sustainability and Regulation of the 6G Flagship. The appointment
formalises the importance of sustainability and regulation in
all things 6G.
Marja Matinmikko-Blue has extensive experience in research
and project leadership within the regulatory, technical, and
business aspects of mobile communications. She has participated in the international arena for more than 20 years,
starting with an EU project that estimated the spectrum
needs for the 4G systems. She chaired the cognitive radio
system studies at the International Telecommunication Union (ITU). She is recognised for her contributions to local 5G
operator and spectrum licensing models and for connecting
the vision for 6G with the United Nations Sustainable Development Goals (UN SDGs).

Read more:

www.oulu.fi/6gflagship/news/director-marja-matinmikko-blue

New milestone in 5G test network achieved
CWC launches its first Stand-Alone 5G Network to trial drone
use cases in the 5G!Drones project, within our own 5GTN. Currently, 5G Stand-Alone networks are rare, as the Stand-Alone
network core is fundamentally different from its Non-Stand
Alone cousins. They can run on generic computer hardware
and virtualisation technology, which finally enables empirical
research on end-to-end cellular technologies.
“We have Nokia Airscale base station configured to work in
Stand-Alone mode with Open5GS Core. The internet connection has been tested with OnePlus 9 Pro 5G Stand-Alone
capable phone and in the first tests there was over 200Mbps
downlink and over 20Mbps uplink on the 60 MHz limited band
available at the University of Oulu. We will continue the work
and hopefully improve the functionality as we move on,” says
adjunct professor Jussi Haapola.
Now, researchers are able to conduct end-to-end 5G native
slicing research and testing, one of the greatest promises of
5G towards end customer quality of experience on network
service. The Stand Alone network is also largely based on open
source components, enabling empirical research towards beyond 5G solutions and evolvement towards a 6G network.
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Versatile sensor data opened for IoT
exploration

The Linnanmaa campus covers a large geographic area and

Extensive live data and long-term data from the Smart Cam-

nology steps towards commercial use and globally scalable

pus Internet of Things (IoT) sensor network at the University

solutions,” Liinamaa notes. “In close co-operation between

of Oulu has been opened for the first time.

technology researchers and service developers, we are se-

serves massive, very heterogeneous user group. “The most
interesting part is the role of our infrastructure to bridge tech-

lecting the optimal set of sensors, best connectivity methods
For almost a year, 429 sensors scattered across the 135,000

and energy sources for commercially sustainable solutions.”

m2 Linnanmaa campus and botanical garden have been
measuring temperature, light, CO2, sound, and humidity, to

The data collection builds on the LoRaWAN network - a ser-

mention a few parameters. Internet of Things (IoT) enthusi-

vice provided by 5GTN. “ Our approach enables us to cost-ef-

asts across the globe can now take a closer look at specific

fectively cover large areas with little effort,” says Aleksi Pirtti-

locations or type of sensors detailed in the online installation

maa, who maintains the long-term data set. “With LoRaWAN,

map. The measured values can be viewed in various time

we can utilise a range of compatible low-power wireless sen-

frames and through data visualizations offering insights into

sors across vendors, supporting our vision of a sustainable

IoT technology.

infrastructure.”

Another novelty and major IoT asset is the long-term data

The long-term dataset published in a downloadable format

from the 429 sensors covering 11 months. The dataset is

can be of interest for analysts, researchers or even facility ser-

openly available in Etsin – a Finnish online service for open

vices as it makes independent analysis possible. “The dataset

research datasets from all fields of science – where it will be

could be used for algorithm development or for training artifi-

further expanded.

cial intelligence,” Pirttimaa envisions.

“This continuously growing, and already now a massive IoT

And more is to come. Stay tuned for new open data releases of

sensor installation, is a natural part of our 5G Test Network

Smart Campus at the University of Oulu!

(5GTN) serving as an experimentation infrastructure to Smart
Campus development and 6G Flagship projects,” says Olli
Liinamaa, 5G Test Network Lead at the University of Oulu.
“By opening the data for a wider audience, we aim to boost
not only technology innovations, but also early trialling of value-adding local campus services.”
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Read more:

smartcampus.fi/oulu-opens-sensor-data
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Professor Mehdi Bennis is among the top
researchers in the world

Each year Clarivate identifies the world’s most influential

Professor Mehdi Bennis from the Centre for Wireless Com-

year fewer than 6700 researchers (about 0.1% of the world’s

munications, University of Oulu, received a major recognition

researchers) in 21 research fields and across multiple are-

as he was named Highly Cited Researcher 2021. He gained

as earned this exclusive distinction. Being among this elite

this position for the second year in a row. This means Bennis

group recognised for their exceptional research influence,

is among the 1% of the world’s most influential researchers

demonstrated by producing multiple highly-cited papers

based on publication data in the Web of Science.

that rank in the top 1% by citations for the field means a lot to

researchers. The list comprises the select few whom their
peers have most frequently cited over the last decade. This

Professor Mehdi Bennis.
Mehdi Bennis has a key role in the 6G Flagship research program. His research group ICON of 12 talented students, post-

“This back-to-back recognition testifies to my group´s hard

docs and professors, is focused on radio resource management,

work and resilience, especially during these difficult times,

heterogeneous networks, game theory and machine learning in

without which this would not have been possible. I also

5G networks and beyond towards 6G. Currently, Bennis seeks

would like to thank my colleagues, collaborators and above

to unlock the step function of the Next-G beyond incremental

all my family.”

advances. Bennis is adamant that the secret lies in us, humans’
modes of cognition, which will allow devices, networks and in-

The highly anticipated annual list identifies researchers who

frastructure to be autonomous, more robust and resilient.

demonstrated significant influence in their chosen field or
fields by publishing multiple highly cited papers during the

“Our preliminary findings have demonstrated that leveraging

last decade. Determining the “who’s who” of influential re-

semantic communication and reasoning in a principled way

searchers draws on the data and analysis performed by bib-

yields more efficient and reliable communication. This opens

liometric experts and data scientists at the Clarivate Institute

the door for emerging novel communication protocols; ena-

for Scientific Information. It also uses the tallies to identify

bling human-machine, machine-to-machine interaction and

the countries and research institutions where these citation

much more,” Professor Mehdi Bennis notes.

elite are based.
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Our 6G researcher Onel López has won an
award for the best dissertation of the year
in Finland

“One of the most exciting things we addressed was the mas-

TEK, the largest organisation for academic engineers and ar-

a challenge to power them. Traditionally, we’ve been using

chitects in Finland, has awarded the doctoral thesis of the year

wire charging and batteries, but in factories, connectivity will

to Dr. Onel Luis Alcaraz López. His thesis is titled “Resource al-

be more intense. So, the traditional way is likely not to be sus-

location for machine-type communication: from Massive con-

tainable in the future. One of the most appealing strategies

nectivity to ultra-reliable low-latency.” López conducted his re-

is a wireless charging solution. We developed several strat-

search at the Faculty of Information and Electrical Engineering

egies that the energy transmitters can use to power all the

of the University of Oulu. The supervisors of his work were Pro-

devices in the vicinity.”

sive wireless power need of IoT devices,” López says and
continues. “Think about a factory scenario where you have
thousands of devices; sensors, actuators, and robots; it’s

fessor Matti Latva-aho and Assistant Professor Hirley Alves.
Onel López, in your solution, how are battery-constrained
The TEK dissertation award is presented annually to recog-

devices powered wirelessly?

nise a high-quality dissertation of international standards that
promotes know-how in Finland’s technology field. The award

“Basically, there are two possible scenarios: 1) non-dedicat-

criteria state that the work’s topic is significant. In addition, it

ed WET, where there is no dedicated energy transmitter, and

presents many new ideas. TEK and TFiF’s Awards Committee

the IoT devices harvest energy from readily available RF sig-

saw in it a business opportunity. They also drew attention to the

nals, such as the ones coming from TV, WiFi, or cellular trans-

fact that the author has many merits and has, exceptionally, re-

missions; and 2) dedicated WET, where dedicated power

ceived a professorship immediately after his dissertation. The

transmitters, named power beacons (PBs), are deployed to

prize is worth 7,500 euros.

power specific IoT deployments. The latter is mandatory for
realising efficient IoT deployments with QoS requirements.

Onel López addresses real IoT challenges in his award-winning

In general, we look at such dedicated WET architectures and

doctorate thesis. How will we provide connectivity reliably and

investigate ways to provide efficient energy supply and/or

with ultra-low-latency in the new and challenging IoT scenar-

the best way for the devices to utilise such harvested energy

ios? How will we deal with the massive number of low-power

for reliable information transmission and always-alive func-

devices characteristic of IoT?

tionality,” López explains.

López led a group of scientists who evaluated and developed

Watch video:

resource allocation strategies for challenging IoT connectivity
networks.
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Highly Cited researcher Tarik Taleb onboard
6G Flagship full-time

nowadays. Current network architectures and current IP net-

Prof. Tarik Taleb turns a new page as his professorship at the

Whilst industry is currently busy with the deployment of 5G

University of Oulu and 6G Flagship, in particular, becomes

and working around its missing components, it is the right

full-time starting from January 2022. “Tarik Taleb’s profes-

time for academia to conduct research on 6G, shape up its

sorship strengthens the network component in our research

architecture, and devise its technologies. “There shall be a

agenda and supports the completion of 6G Flagship’s ambi-

break with the traditional ways we have been adopting in

tious goals in the second period starting in May 2022,” says

defining new generation system architectures,” Taleb notes.

Prof. Jari Iinatti, head of Centre for Wireless Communications

“It is time to cut with the evolutionary paths we have been

– Networks and Systems research unit.

taking therein.”

In the next decade, a plethora of services with unprecedent-

The next decade is absolutely in need of a revolutionary net-

ed requirements in terms of latency, bandwidth, and inter-

work architecture, supported with revolutionary networking

activity among end-users will emerge. “Metaverse is one

mechanisms and algorithms, to cope with the huge demands

noticeable example,” Taleb says. “With Metaverse and alike,

anticipated from future services and use cases. “By joining

there will be multiple virtual worlds co-existing with our ac-

Oulu University, particularly the 6G Flagship, it is all my hope

tual physical world. Each virtual world will be having its own

that my research team and I would contribute to pave the way

digital population, its own digital currency, its own charac-

for such a revolutionary path, whereby 6G would be more than

ters and features, and so worth. People will be migrating

a network of networks, and rather an agile service of services.”

from a virtual world to another within a second. Connecting
people within and across these virtual worlds will necessitate networking technologies that are beyond what we have

working principles will definitely fall short.”

Read more:

www.oulu.fi/university/news/make-noise-about-6g
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Push towards 6G at the 2021 Joint EuCNC &
6G Summit
In June 2021 for the first time, 6G Summit was organized in conjunction with the European Conference on Networks and Communications (EuCNC), supported by the European Commission.
Despite the pandemic, the event kept the traditional spirit of
EuCNC which celebrated its 30th anniversary. The 2021 Joint
EuCNC & 6G Summit attracted as many as 2,300 participants
from 85 countries, making excellent use of the virtual platform.
The event provided a versatile view on visions of 6G technology,
vertical businesses’ requirements and use cases emphasising
also the United Nations Sustainable Development Goals (UN
SDGs). “We witnessed a strong push in EU research towards 6G
as the combining of 6G Summit with EuCNC with the initiative
coming from the European Commission proves,” says Prof. Ari
Pouttu from the University of Oulu, TPC Co-chair of the event.
Thank you for your contribution to the success of the 2021 Joint
EuCNC & 6G Summit! See you in 2022 in Grenoble, France!

Read more:
eucnc.eu

International Symposium on 6G Networking
International Symposium on 6G Networking - the first themed
conference organised under the 6G Flagship’s 6G Summit
series - took place in Lisbon, Portugal on 22-23 November. Despite the pandemic, the event was a success, offering a platform
for face-to-face discussions between experts about communications, networking, cloud computing, and related disciplines.
The program featured talks on the limitations of current networking technologies regarding the support of expected 6G
use cases. “The most interesting part of the program were the
breakout group discussions we had among the participants
where we discussed the key use cases of 6G that genuinely push the envelope of enablement, and the key technology
breakthroughs genuinely unique to 6G and needed for 6G networking,” says Prof. Tarik Taleb, General Co-chair of the event.
The symposium was followed by Networld Europe’s 3rd Visions for Future Communications Summit on 24-25 November. marked the start of the writing process of Networld Europe’s Strategic Research and Innovation agenda 2022.

Read more:

6g-net.org • networldeurope.eu
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Perspectives on 6G evolution and the future
6G landscape at IEEE PIMRC 2021
6G Flagship organised the 2021 Annual IEEE International
Symposium on Personal, Indoor, and Mobile Radio Communications (IEEE PIMRC 2021) as a virtual event on 13–16
September. The symposium catered for many tastes and
needs under the theme “Towards Sustainable 6G”.

If you did not have the chance to join PIMRC 2021, or want
to refresh your memory, take a look at the video recordings
available for free!

Watch video recordings of keynotes:
pimrc2021.ieee-pimrc.org/program/keynotes

Watch video recordings of panels:
pimrc2021.ieee-pimrc.org/program/panels

Four keynotes, six panels, 10 workshops, and nearly 300
technical paper presentations and invited talks in five technical tracks addressed different angles of 6G evolution and
the future 6G landscape. “Several contributions focused on
fundamental theory and technology,” says TPC chair Prof.
Markku Juntti from 6G Flagship. “Others looked at the same
problem framework from the vertical application perspective
relevant for researchers interested in technology as for more
business-oriented participants.”
Several juicy themes crosscut the technical tracks including
the use of machine learning and reconfigurable intelligent surfaces and their impact on various network layers. The development of mmWave and THz communications and enabling
antenna and RF technology, physical layer, networking, and applications were important cross-cutting themes, Juntti notes.
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CALLS
ISMICT 2022
2-4 May 2022, Virtual Event
Theme of the event is “New Dimensions into Healthcare
and Medicine”.
The 16th International Symposium on Medical Information and Communication Technology focuses on the
Internet of Medical Things (IoMT), healthcare cybersecurity, biomedical informatics, and molecular commu-

Important Dates:
January 23, 2022		

Paper submission deadline

Mid March, 2022 		

Paper acceptance notice

Mid April, 2022 		

Camera-ready paper due

Read more:

mbite.unl.edu/files/conferences/ISMICT2022/index.html

nication and computing for medicine.

3-5 May 2022, Virtual Event

4-6 July 2022, Oulu, Finland

Theme of the 6G Symposium of Spring 2022 is “Paths to

The 23rd IEEE International Workshop on Signal Pro-

2030, Relevance for 2022”. The event aims to:

cessing

Advances

in

Wireless

Communications

(SPAWC), will be held in Oulu, Finland, on July 4-6,
• Build consensus on direction inside the 6G domain

2022. A flagship workshop of the IEEE SP Society SP-

(including global alignment with APAC and Americas).

COM technical committee, SPAWC 2022 will combine

• Explore the relationship between 5G and 6G and the

cutting-edge research in the fields of signal process-

evolution path during the coming decade.
• Build engagement across different parts of the telco/
tech ecosystem (e.g. cloud players, infrastructure cos)
and into other industries.

ing, communication theory, information theory, statistical learning, wireless networking, and more.

Call for Papers:

2022.ieeespawc.org/call-for-papers
6G Symposium of Spring 2022 partners with University of
Oulu, University of Surrey & InterDigital for agenda formu-

All invited and regular papers, with up to 5 pages of

lation & management. If you have any questions or sug-

technical content (including references), will be pub-

gestions, please contact alex.lawrence@6gworld.com.

lished through IEEE Xplore. Deadline March 1, 2022.

Read more:

Read more:

6gsymposium.com
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Calls for Proposals & Participation

Connectivity for a Sustainable World

EuCNC & 6G Summit 2022 focuses on various aspects of 5G and 6G communications systems and networks, including
cloud and virtualisation solutions, management technologies, hardware components and microelectronic technologies
and vertical application areas. The conference it is one of the main venues for demonstrating the results of research projects, especially from successive European RDI programmes.
We invite researchers from all over the world to present their latest research results within nine tracks:
PHY - Physical Layer and Fundamentals
WOS – Wireless, Optical and Satellite Networks
RAS – Radio Access and Softwarisation
VAP – Vertical Applications and Internet of Things
NET – Network Softwarisation
OPE – Operational & Experimental Insights
CME – Components and Microelectronics
6ET – 6G Enabling Technologies
6GV – 6G Visions

All calls and full list of topics:
eucnc.eu

Deadlines:

Tutorials

Full Papers

28 Jan 2022

Tutorial proposal submission

28 Jan 2022

Full paper submission

11 Mar 2022

Notification of acceptance

4 Apr 2022

Notification of acceptance

29 Apr 2022

Tutorial presentation submission

15 Apr 2022

Final paper submission
Workshops

Posters

28 Jan 2022

Workshop proposal submission

11 Mar 2022

Extended Abstract submission

11 Mar 2022

Notification of acceptance

4 Apr 2022

Notification of acceptance

15 Apr 2022

Workshop paper submission

15 Apr 2022

Extended Abstract final version
Exhibition & Demos

Special Sessions

1 Apr 2022

28 Jan 2022

Special Session proposal submission

		proposal submission

11 Mar 2022

Notification of acceptance

18 Apr 2022

15 Apr 2022

Special Session paper submission

Exhibition and Demonstration
Notification of acceptance

We look forward to your submissions and proposals!

Contacts:

Emilio Calvanese Strinati, CEA Leti, France, Technical Program Chair
Ari Pouttu, University of Oulu – 6G Flagship, Finland, Technical Program Vice-Chair
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IN COMPLEX SYSTEMS,

ELEGANCE IS KEY

Professor Jukka Riekki is a man who appreciates elegance.

something of the Japanese mindset is what he carries with

Being Professor of Embedded Software Architectures at the

him today.

University of Oulu, he has immersed himself in complex systems throughout his career, indeed ‘systems of systems’,

”The Japanese have perfected everything to an elegant form

which operate together to become something larger than the

and taken away everything that is superfluous. This can be

sum of their parts.

seen in everything from their tea ceremony, to sushi, to calligraphy, to martial arts. It is a fascinating country and culture,”

As we move toward the 6G era, connections, networks,
platforms, applications, data, computation, feedback will
all grow in complexity, and they all will have to be somehow
managed. ”To be able to design a simple and elegant solu-

Riekki says.

Going from the cloud to the edge

Riekki has been involved in developing and designing distrib-

tion that works, is one of the most rewarding things to me,”

uted software architecture for decades. As with so many of his

Prof. Jukka Riekki says.

peers in Oulu and Finland, he has a history with Nokia and its cell
phone arm at the time, Nokia Mobile Phones. His doctoral thesis

When Riekki was writing his doctoral thesis in mid-1990s,

concerned mobile robots, and specifically how they could be

he spent two years in Tsukuba, Japan, at the Electrotechni-

designed to be more reactive in dynamic environments.

cal Laboratory. While his studies were his primary concern,
he also started learning Japanese and took on the art of cal-

”The Internet of Things ecosystem became quite strong dur-

ligraphy. The culture made a deep impression on him and

ing that time in Oulu. The progression for me meant going

he built lasting relationships during that time. As a result,

from mobile robots to mobile phones and other devices. IoT
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has been a formidable area of research and it has seen a shift

”The idea is to strive for simplicity and leave irrelevant details

from cloud computing into edge computing and edge AI, as

by the wayside. It’s a good idea to look also outside your cho-

we would like to bring computing from the cloud to near to

sen field of study to see how other people are dealing with

users, near to devices, near to data sources,” Riekki explains.

complex systems. See what the best practices are in a given
field and apply them to yours. One of the things I am investi-

These days Riekki is also the Dean of the Faculty of Informa-

gating with a colleague is so-called loose coupling: some de-

tion Technology and Electrical Engineering, which means that

cision-making will be handled locally while some centralized

a lot of his time goes into administrative, strategic, as well as

guidance is still required.”

operative work. Before his time as Dean, he was in charge of
the iEDGE research unit at the Center for Ubiquitous Comput-

Just as different technologies have to work together, we can’t

ing (UBICOMP); now, he participates as professor.

look at technology as an independent entity, separate from life
in the 21st century. Sustainability, ethics, legal issues, societal

”I do like to be as involved as possible in research, taking part

impact all come into play as we design the future systems, fur-

in writing new research concepts or publications, or brain-

ther complicating the playing field.

storming ideas and commenting on other people’s work,”
Riekki says.

Autonomous and cooperative

His research interests in artificial intelligence and edge com-

While some could see this as an ever-increasing mountain
of problems to solve with no reprieve, Riekki considers this
a chance to have a more significant impact than ‘just’ designing tech.

puting are also what he focuses on in 6G Flagship. In the future, Networks will rely heavily on AI and autonomous systems,
which means that response times will have to be as short as to
be virtually instantaneous. As Riekki sees it, edge computing
will play an essential part in this.
”If you think of traffic and autonomous cars, for instance, even
the speed of light will be too slow. There is no time to send
data to the cloud, compute it there, and give an output back
to the system. Distributed systems that operate close to data
sources and devices will be faster. They will also provide controlled environments for keeping data within the walls of a factory and so on,” Riekki explains.
The speed required for and the complexity of our future systems mean that they will have to be decomposed into smaller,

Prof. Jukka Riekki

Professor and Dean at University of Oulu

independent and autonomus subsystems. As Riekki sees it, it
is the co-operation of independent systems that will be one of

Riekki’s main research interests are in interactive,

the major components of our future information infrastructure.

context-aware systems serving people in their
everyday environment

”Autonomous systems will be everywhere. A base station

• user interfaces

will have several autonomous systems, which guide separate

• sensor data processing

things, like transmittersand such. Networks will be guided by

• software architectures

other autonomous systems. The big challenge in this scenario

• data and knowledge representations

is how to organize such a complex system so that its compo-

• reasoning

nents work together to provide services to users and do not

• prototype development

compete with each other for resources. And mere functionality is not enough, as these systems will have to be resilient to

Riekki’s specialities are:

disruptions, power outages, natural disasters, cyber attacks

• ubiquitous & pervasive computing

and so on,” Riekki says.

• tangible user interfaces

Part of a bigger picture

• Internet of Things
• sensor data analysis

So how will all these different technologies ever work together?
Elegance is key, says Riekki.
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RIDING THE FUTURE TRAIN WITH
ELLA PELTONEN AND SASU TARKOMA:

A CONVERSATION

Researcher Ella Peltonen is working in the UBICOMP re-

Peltonen: I really want to see strong co-operation between the

search group at the University of Oulu and has been closely

different parties. The theoretically inclined sometimes tend to

involved in 6G Flagship since its beginnings. Peltonen focus-

brush off applications and say they’ll be there down the road.

es on real-time sensor data and machine learning (ML), em-

What if we tried to build theory and applications together from

phasising real-life problems and solutions to them. Professor

the starting point in a best-of-both-worlds kind of way?

Sasu Tarkoma shares his time with the University of Helsinki
and 6G Flagship. Tarkoma says that his expertise is focused

Tarkoma: We have to look at the possibilities of 6G as some-

on the intersection of telecommunications networks, cloud

thing more than just a bit pipe. Genuine intelligence is built

computing and artificial intelligence (AI), with a core focus

into networks, with privacy-aware sensing and data collection

on 6G research.

related to sustainability supported by the networks. Radio
technology is evolving well; there are excellent results for the

Dr. Ella Peltonen and Prof. Sasu Tarkoma sat down for a vir-

next generation of radios. But how do we create new business,

tual conversation with the 6G Waves magazine to discuss

new innovation? This would be important in demonstrating

their role in the Flagship and their ideas about future devel-

the added value of the network.

opment in technology and society.
6G Waves: Technology in itself seems to be intertwined, but
6G Waves: 6G seems to be all about the intersection, finding

the same can be said for the human experience and the prob-

where technologies connect?

lems we face globally, like climate change and its repercussions. How do we keep up with the accelerating pace of it all?

Peltonen: Everything is integrally connected. A big part of our
work is how to bring researchers from AI, ML, network intel-

Peltonen: In the previous generations of mobile telecommu-

ligence, software and software platform development to the

nications, the focus was always more capacity, efficiency,

same table. You can’t live in silos anymore and think that the

and functionality. Now the paradigm is changing to dynamic

telecoms guys will take a ready piece of software made by the

networks capable of maintaining and building themselves

software guys, and that’s that.

and optimising their resources like energy. 6G research in
the Flagship has also made a deep commitment to the U.N.

Tarkoma: The game is on for 6G. It means creating the big pic-

sustainability goals, and a big part of it is achievability. We are

ture together, not just on a national level but internationally.

moving from urban areas to rural areas.

Many countries are investing heavily into the next generation
mobile networks and we have to compete with our expertise,

Tarkoma: An ITU statistic from 2020 said that 85% of the

even if we don’t have the same financial resources to pour into it.

world’s population had access to 4G, and 93% had some
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Photo: Veikko Somerpuro

type of network access at the end of that year. There’s been
a lot of progress in providing telecommunications, but only
about 60% of the world’s population has traditional Internet
access. The mobile networks count for much more. Access to
information should be seen as a fundamental human right and
there are a lot of expectations on 6G in that regard.
Peltonen: Digital modelling of the entire world is still yet to
come. Our networks cover only inhabited land areas so far.
Data collection on a vast scale and processing that data develop solutions to pressing real-world problems is high up on
the agenda. Ubiquitous intelligence is what I am focusing on
in my research, and it is core research, based on the latest science, that’s going to set the foundation for future applications
and, really, the solutions.
6G Waves: It seems that the train is running already, and we
need to keep up with it.
Peltonen: Yes, and we are not only running along with it. We
are also laying the tracks in front of the engine. We are figuring out where our train is going, which stations it should stop,
what material the tracks will be made of, and where to apply
the brakes. It takes a moment to figure out what is sustainable
for our railroad. We need to build the tracks and navigate the
terrain, so we don’t hit a wall.

6G Waves: This train metaphor really paid off. [Laughter
all around.]
Tarkoma: It always takes time for technology to mature, and
we live in the 10-year cycle of the G’s. This is the time to test
out all kinds of ideas for the next generation, good and bad.
It’s all learning.
Peltonen: I’m coming back to co-operation. In ten years, I
would like to see concrete collaboration. Not just that, yes, we
can all sit at the same table, but something that genuinely creates new things for humankind. Social scientists, doctors, engineers, space technologists, economists, legislators, academy, and industry all working to improve all of our lives in an
ethical and responsible, sustainable manner.
Tarkoma: The universities are a major factor in this, and we
are working to bring in different disciplines to work on shared
goals. We still have a long road ahead, but we’re getting there.
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6G FLAGSHIP

IN NUMBERS

Staff

416

experts in 2020
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Nationalities
56% International

Publications (2018 – Nov 2021)

1 776

Peer-reviewed publications
/ Journal and conference articles

76% Joint publications with collaborators
66% Joint international publications
12% Joint publications with companies

Doctoral Degrees (2018 – Nov 2021)

64

Doctoral degrees

246 845

Doctoral thesis downloads
Number of downloads in University of Oulu
repository jultika.oulu.fi
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Investments & Funding (2018 – Nov 2021)

308

Research projects with
external funding

118

Companies investing in
research portfolio

Company Collaboration (2018 – Nov 2021)

409

Company collaborators

48% International

6G White Papers (2018 – Nov 2021)
White Paper
2019

144 233

White Papers
2020

813 186

downloads

downloads

957 419

Total White Paper downloads
Number of downloads of 6G White Papers in
University of Oulu repository jultika.oulu.fi

6G Waves (2018 – Nov 2021)
Spring 2020

108 536

17 353

161 194

287 083

downloads

Autumn 2020

downloads

Spring 2021

downloads

Total

downloads
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