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Nobuko KAMETANI

It is now time; therefore, we would now like to start the Mount Fuji Research
Institute International Symposium 2022. I will be serving as the MC. I am
Kametani, a researcher at the Volcanic Disaster Research Center of MFRI. We will
be discussing the research activities at our institute, and also, we will hear from
researchers from abroad. Today, the theme is Fujisan DX.

Recently, in Japan, digital transformation is being promoted. Before starting, we
would like to hear from the Yamanashi Prefecture, Director of DX Promotion Group,
Ms. Yukiko Irikura, about what is happening here in the Yamanashi Prefecture.

[Opening Remarks]

Yukiko IRIKURA (Director of DX promotion group, Yamanashi Prefecture)

Yukiko IRIKURA

Thank you very much for the introduction. I am from Yamanashi Prefecture. I am
the Director of DX Promotion Group. My name is Yukiko Irikura. Thank you very
much for attending this symposium today.

It is a great pleasure to be speaking at the opening of this symposium. In
Yamanashi Prefecture, we want to make sure that each citizen can feel an affluent
environment, and therefore, we are trying to promote digital transformation in all
kinds of aspects in the government, industry, and also in daily life. Concerning
digital transformation, the 5G expansion is taking place, and we are also
demonstrating local 5G projects.

Some of the major things we are doing is in the agricultural field for our grape,
Shine Muscat. We are utilizing Al and sensors so that the fruit bunch could be
captured, and a new farmer will be able to grow very high-quality grape like a
veteran. Today, we will be hearing about the Mount Fuji DX project.

Digital transformations, in it, we have to utilize data. Collaboration of the public
and private sector in terms of data sharing is important. Through that, all kinds
of new services will be provided to citizens. Today, in this international symposium,
the local DX for Mount Fuji, and we will be hearing about the next-generation
information and telecommunication.

Mount Fuji is visited by many people, not just Japanese citizens but from abroad
as well. Many people will be gaining information through the Internet. We want
to make sure that we can communicate information that is needed and attractive
to all people. Of course, Mount Fuji is an active volcano, and there is a risk of an
eruption. Therefore, for an emergency situation, we are hoping that we can
provide evacuation information to mountain climbers.

However, the mountain areas are where we do not have facilities that can send
radio waves all throughout the mountain. It is not just about improving the
communication equipment, but we will be hearing from Professor Matti Latva-aho
and Professor Akihiro Nakao about local 5G. Also, we will hear about mountain



tourism. Through that, we hope that we can provide better services to our visitors.
We only have limited time today, but we will be hearing about advanced cases,
and I do hope that you will understand what we are trying to do in terms of
resolving our local issues by promoting digital transformation.

With that, I would like to end my opening remarks.
Of course, Yamanashi Prefecture is known for tasty wine and also beautiful Mount

Fuji. We are still under the pandemic, but we do hope that you find time to visit
our prefecture. Thank you.

Nobuko KAMETANI
Thank you, Ms. Irikura.

Now, I would like to ask Ryo Honda, Senior Researcher of MFRI, to explain the
purpose of this symposium.

Researcher Honda, please.
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[ Briefing )
Ryo HONDA (Senior Researcher at Volcanic Disaster Research Center, MFRI)

Ryo HONDA
Hello, everyone. As was just introduced, I am the Senior Researcher at Volcanic
Disaster Research Center of MFRI. My name is Honda.

As Ms. Irikura mentioned, I believe she actually explained the purpose of
organizing this symposium, but I would like to, once again, talk about why we are
organizing this symposium.

MFRI, as was already introduced by the moderator, depending on the research
topics, we set specific topics and themes for the symposium so that we can collect
knowledge from within and outside the country. Usually, since we represent
Volcanic Disaster Research Center, we focus on volcanic disasters, inviting relevant
experts, and also the local government who have had experiences of facing and
dealing with disasters. But this year, the research themes that we selected for
this symposium are really the foundation of our research activities. That is DX,
digital transformation, and communication. These will be the central topics for our
symposium.

As I mentioned, these topics are quite relevant to our research. When it comes to
telecommunication, this supports everyday life of ordinary people as well. The
communication technology advances at a rapid pace, faster than we can imagine,
and things that we have never experienced, or we have never imagined occur.

In recent years, we often talk about digital transformation. Thanks to digital
technology, which solve everyday life and the way we do our business can be
improved to solve some of the issues that we face. Earlier Ms. Irikura talked about
how the Yamanashi Prefecture has dealt with digital technology. In every aspect
of our work, we are expected to utilize digital technologies.

We are very happy to have five speakers in the symposium. First off, we have the
Officer of Fuji-Hakone Conservation Office, Ms. Akane Saito, who will talk about
some of the challenges that they face at Mount Fuji. The Director of Center,
Yoshimoto, will talk about the challenges that we face in terms of disaster
prevention at Mount Fuji.

Last year, we had the demonstration supported by Ministry of Internal Affairs and
Communications. Through this program, we have been able to reveal some of the
specific issues. We are very happy to have Mr. Takezawa, Senior Specialist of
University of Tokyo, who can give us a presentation on that program. We will have
a keynote presentation by Professor Matti Latva-Aho to talk about how the next-
generation communication technology can contribute to society. Lastly, we would
like to invite Professor Nakao of the University of Tokyo to talk about Mount Fuji
DX.

This is the overall program of our symposium today. We will talk about next
generation communication technology, and DX, and how they can possibly solve
some of the issues that we are faced with. That will be the central topics.



Throughout this symposium, we hope that we would give you an opportunity to
think about the future of Mount Fuji. Not just the Mount Fuji area, we would hope
to solve the issues of Yamanashi Prefecture utilizing some of these advanced
technologies. We hope that this symposium will be useful to all the viewers.

With that, I would like to conclude my briefings.

Nobuko KAMETANI
Thank you very much. We will now move on to the first presentation. Itis different
from the abstract, but the first presentation is given by Ms. Akane Saito, Officer of

Fujigoko Conservation Office, Ministry of Environment, on Issues on Tourism in
National Park.
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“Issues on Tourism in National Park”

Akane SAITO (Officer of Fujigoko Conservation Office, Ministry of Environment)

Akane SAITO

Thank you for the introduction. I am Officer of Fujigoko Conservation Office at the
Ministry of Environment. I will talk about the issues around tourism at the Fuji-
Hakone-Izu National Park.

The picture you see here is taken from the Sanko-dai in Fuji area. You can see
this nice picture of Mount Fuji, with snow mountain at the top, and there Komitake
volcano around. This terrain that is very rough, and around the snow-covered line
in the mountain, you can see this Karamatsu cedar trees turned yellow, pine trees.
You can see from this single photo that there are a lot of things going around
Mount Fuji which is attracting so many people, and I hope I can give you something
that is insightful to you through my presentation.

Now, this is the overview of the Fuji-Hakone-Izu National Park. Each national park
has its own theme. In Fuji-Hakone-Izu National Park, the theme is Connecting
Islands in the Pacific Ocean to Sacred Mount Fuji, Large Volcanoes, and Diverse
Landscapes Created by Volcanic Topography and Culture.

It was designated as a national park as of February 1, 1936. The first national
park was designated in 1934. Then, the area is 121,749 hectares and crosses
across four different prefectures.

The feature is that it has Fuji at its northern end, and this national park consists
of various volcanic landforms belonging to Fuji volcanic zone, hot springs,
coastlines and islands. The National Park is located near Tokyo Metropolitan Area
and is the most visited national park in Japan.

Now, this is the Mount Fuji area. The area spans 60,645 hectares. Earlier, I said
the National Park is around 120,000, so half of that is the Mount Fuji area. Mount
Fuji is the largest stratovolcano in Japan, and there are around 70 lateral volcanoes
around it. There is a special protected zone, Aokigahara Jukai woodland. There
are many distributions of the vegetation and abundance of wild animals and plants,
which is also unique to Mount Fuji.

There are a lot of restrictions when it comes to the development of Mount Fuji, and
you can see the colored areas here. For example, if you go above 5th Station of
Mount Fuji, there is a special protection zone to protect the pristine nature in its
original form. Therefore, building constructions in this area or putting up antennas
are banned, and taking out plants or taking home a volcanic rock is also prohibited.
The areas around Mount Fuji and the surrounding places are also designated as
the National Park to preserve the nature.

Mount Fuji worship and climbing culture is also one of the features of Mount Fuji.
Worship, climbing, and also worshiping from afar is not exactly the same thing,
but Mount Fuji is not a mountain just to climb up. There are a lot of spots of
scenery along the Mount Fuji trails, and people who visit Mount Fuji moved with
its scenery and also enjoy the view.
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The mountain in the Fujiyoshida area, there are Sengen Jinja Shrine, Hongu Fuji,
and also the mountain huts where you need to stay along the trails, all constitute
assets of the World Cultural Heritage, and also considered as an important
business facility of the National Park.

It is not just about preserving nature but also preserving history, culture, and
enjoying the nature in the camping sites. Trying to balance both is important so
that we can pass on this beautiful scenery to the future generations. That is one
of the roles of the National Parks.

Next, let me talk you through some main forms of use of Mount Fuji area. This is
the mountain climbing area. There is Fujinomiya, Gotemba, Subashiri Route, and
Yoshida route. There are four routes in total. The total climbers in 2022 were
around 160,000. The numbers you see here was counted at the mountain counter
located at the 8th Station of Mount Fuji.

This chart represents the past 10 years' number of climbers.

In 2013, around, 310,000 climbers were observed, but in 2022, it is about 160,000.
In 2021, it was about 78,000. This was due to the pandemic. Mount Fuji had to
be closed in 2020. If you compare those numbers, you can see that currently it is
around 70% of the peak climbers. Whether this number is high or low, as well as
the question of how the number of climbers were trying going forward, I think
there are different points of view.

This chart looks more specifically at the number of climbers per day of the year or
per month.

The bar chart at the above shows that September 3rd, July 30th, and August 27th,
these weekends are the days that attract most of the hikers. In 2022, September
3rd was the highest number of climbers observed, 5,000, so 5,000 people visited
Mount Fuji. I think there are no other mountains that would attract so many
climbers in a day. If you look at the chart below, you can see that most of the
climbers come around 3:00 p.m. to 5:00 p.m.

As I mentioned earlier, the climbers' counter is located at the 8th Station of Mount
Fuji. From the daytime to late evening, people go to 8th Station and stay at
mountain hut, and they will climb up to the peak from midnight to 2:00 a.m. to
see the sunrise.

The total humber of climbers have come down dramatically due to the pandemic
but because there are so many people climbing, at the same time, the overuse of
facilities is becoming an issue. If you look at the past number of climbers, we will
say that the challenges that we need to face, when it comes to Mount Fuji, is the
number of climbers. The overuse creates such challenges, as congestion of
mountains, burden on mountain trails and toilets.

This toilet is located at the 7th Station in the Yoshida Route, and they are using
the bio type of toilet, which is friendly to the environment. There is designated
capacity of usage per day. But there are a lot of people climbing the mountain on
the weekends, so there could be days where there are 1,000 people would use the
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toilet in a day, or it could be 100 people in a day, so it really varies. Sometimes,
the bio will not be able to take care of that much capacity, even if it is designed to
do so, and there could be some overburden on the toilet, and it is very difficult to
maintain those facilities. There are also issues of bad manners and also troubles
for first-time climbers.

When it comes to Mount Fuji, 50 to 60% hikers are usually the beginners.
Therefore, they might be dressed very lightly. They might have altitude sickness,
heat stroke, or they might get lost. I think the number is higher than other
mountains.

Therefore, in order to address these challenges, the Ministry of Environment,
Yamanashi Prefecture, Shizuoka Prefecture, and the local municipalities and
related stakeholders came together to start the Council for the Promotion of the
Proper Use of Mount Fuji.

For example, we opened Mount Fuji climbing official site to provide necessary
information to climbers in advance and providing other information. There are
also guidelines and other manners that people have to observe when climbing
Mount Fuji. We try to come together to address the issues to meet the changing
needs. However, overuse, safety, and distributing the usage time is something
that we need to address, and we are trying to communicate that, but our current
initiatives may not be enough. Therefore, we need to take additional measures
using new technology to overcome these challenges.

The theme for today is digitization. A lot of digitization is taking place at national
parks. In the case of Mount Fuji, there is conservation donation and also toilet
tips, as well as the advance booking for the mountain huts. Mountain huts are
starting point of the trail. There is Fujisan Wi-Fi. We also provide maps and facility
guides on apps or through QR codes. When it comes to face-to-face questionnaires,
we are shifting them to online-based questionnaires. We are making more use of
the digitization or digital technology.

It is not just about improving the convenience, but it would help reduce the burden
on nature. Therefore, we believe these measures are necessary at national parks.

There are many national parks that do not have enough Wi-Fi connection. Mount
Fuji is able to connect to the network, so we can start different initiatives. There
are a lot of people in their 20s and 30s who are climbing Mount Fuji. I think there
are a lot of problems that we can solve using digital technology.

With regard to the findings that we just explained, when it comes to the existing
counters, there are a lot of limits due to its technical design. Therefore, we need
to come up with new ways to count the number of climbers using new technology.

Digitization and DX is one way to protect Mount Fuji. We think this could be one
of the ways to preserve Mount Fuji into the future.

I hope to have discussion today with other stakeholders to protect the future of

Mount Fuji.
Thank you very much.
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Nobuko KAMETANI

Thank you very much, Ms. Saito. I forgot to explain at the outset. But there is a
Q&A box. If you are joining us online, towards the bottom of the screen, towards
the left, there is a Q&A box, which you can utilize to send in your questions.

Any questions from the audience here on site? I think it is now time, so we should
move on to the next presentation. Thank you very much, Ms. Saito.

The second presentation is to be made by Mr. Mitsuhiro Yoshimoto, Director of

Volcanic Disaster Research Center of MFRI. He will be talking about the issues on
volcano disaster prevention at Mount Fuji.
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“Issues on Volcano Disaster Prevention at Mt. Fuji”

Mitsuhiro YOSHIMOTO (Director of Volcanic Disaster Research Center, MFRI)

Mitsuhiro YOSHIMOTO

Thank you very much for the introduction. I am Yoshimoto from the Volcanic
Disaster Research Center of Mount Fuji Research Institute, and I will be talking
about the issues on volcano disaster prevention at Mount Fuji.

First of all, a little bit about Mount Fuji.

As Ms. Saito said, it is an active volcano. Three hundred years ago was the last
eruption, and from 100,000 years ago, it was an active volcano. Within Japan,
compared to other volcanos, the effusion rate is quite high when an eruption occurs.
Mount Fuji is located in a very specific place.

If you look at the right-hand side picture, drawing, Japan is surrounded by four
different plates: the Eurasia Plate, the North American Plate, the Philippine Plate,
and the Pacific Plate. Mount Fuji is located right where three plates come together.
Under that, the Pacific Plate is subducting under one of the plates, so a lot of
volcanic activities occur, and the effusion rate is very high.

One big issue that we see is that the crater can occur in a very wide area. I would
like to come back to this later, but the volcanic vent area is quite wide. Also, there
are many travelers and climbers to the mountain, which is in terms of disaster
prevention, it becomes very difficult.

How have Mount Fuji erupted in the past? I would like to talk about that first. This
just looks at 5,600 years, and there are small, medium, and large eruptions. But
in the 5,600 years, there were this many eruptions, as you see in the chart.
Altogether it seems that every 30 years, there was an eruption, so the frequency
is quite high.

In the back, you can see the scale of each of the eruptions. There are small ones
to larger ones toward the right. We call big eruptions 200 million cubic meters and
more. You can see two of seven big eruptions in the past 1,200 years.

Looking at some of the eruptions in record over the past 1,200 years, I said that
there was an eruption once every 30 years. Actually, it has not erupted very
regularly. Over the past 1,200 years, there were 10 eruptions. From 781 to 1083,
there were 7 eruptions. After that, the interval became longer. Important eruption
in the past 1,200 years, from 864 to 866, that is the Jogan Eruption. I believe
Japanese people will know the Aokigahara Jukai Woodland, but the basis of that
was created during this Jogan Eruption, which is the largest eruption in the past
5,600 years.

Also, 1707, the HoOei Eruption. It is said that the volcanic ash reached the Tokyo
area. This was the second largest eruption of Mount Fuji eruptions in the past
5,600 years. Over the 1,200 years, there were small eruptions, but also very
largescale eruptions.
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It is quite different from the frequency graph that I have shown you. Recently,
the mountain has been dormant, but up until 1963, up on the mountain, there
were some fumaroles being seen at the top.

Let us look at some of the activities of Mount Fuji.

Mount Fuji is famous as a mountain where various volcanic phenomena occur.
There are several different types of volcanic phenomena. On the left-hand top,
you can see lava flow. There were eruptions where lava flowed down the mountain
and the left-hand bottom, debris flow where water and volcanic ash mixed together.
Right hand top is pyroclastic flow, and then plume and ballistics. These could be
combined together in an eruption that would occur on Mount Fuji. These
phenomena cannot be predicted beforehand, so we need to plan so that we can
deal with any of these phenomena.

Especially in the mountain, the right-hand bottom, the ballistics, are very
important phenomena. When you see these in Mount Ontake, many people were
hit by volcanic ejecta from the mountain and were hurt or died.

Another thing is the volcanic vent of Mount Fuji which could be located over a wide
area. We are looking at some of the craters. Left-hand top, this is the crater at
the top of the mountain. Right-hand top, this is the crater that was created in
1707 which created a larger crater than the top one.

On the left-hand bottom, I think you have seen it in the note bills of Japan, this is
the Omuro Mountain. Also, right-hand bottom, this is a fissure vent called Okuniwa.

Where are these located? What is the distribution?

You can see it on this special map here. You can look at this bowl-like area. These
are all craters or vents. The blue line here, this is called the Subaru Line, which
you can take to go up to the 5th Station of Mount Fuji. But you can see that the
craters or vents actually cross the line.

Now, let us look at view from above.

In the middle, you see the summit, and the red marks are all the vents and the
craters. You see that they are aligned in the northwest direction, but also it is
scattered in other areas as well. Actually, climbers will be climbing around these
vents. To observe the mountain, the Meteorological Agency is observing Mount
Fuji. We can predict to a certain extent. However, we may be able to only detect
the beginning of an eruption.

These are some of the eruptions with observed precursors in Japan.

On the left-hand column, you see the year and the name of the mountain. In the
middle, you see the observed precursor, for example earthquake swarms or
ground deformation, tremors.

On the right-hand side is the time. How long before the eruption were these

precursors observed? Sometimes, for example, Mount Unzen, it continued for
about a week, but others, just several days. In red, you see that it was observed
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just one hour or two hours before the eruption. Once an earthquake swarm is
observed, maybe in just an hour or so, the eruption may occur. Especially these
red ones are basaltic volcanos, the magma is similar to Mount Fuji.

Mount Fuji, if you go from Fujiyoshida entrance, it takes about seven hours to
climb and four to five hours to come down. If you are up on the mountain and
you observe earthquake swarms, you will not be able to come down the mountain
in time before the eruption actually occurs.

These are some of the issues that we are facing. You see that wide crater
appearance area, and the precursor may occur, and then eruption will start in a
short time from the precursor may occur, and there are many climbers in summer,
so then what are we to do? Once we observe these precursor activities, we will
have to make an announcement right away, and we have to also communicate
where the crater may appear.

However, why do we have to communicate where the crater may appear? Because
when we think about Mount Fuji, we have to understand which way to evacuate.
We have 10 patterns here. Depending on where the crater is formed, the
evacuation route may change. Even with just one eruption, depending on where
the crater will be formed, the route and also where to evacuate will change.

In this example, let us say that the crater across the Subaru Line, so the east side
and west side, depending on which side you are, where you have to evacuate, will
change, and communicating this information will be key. However, even if we
wanted to communicate this, you need to have information infrastructure in place.
Right now, we have generators up on Mount Fuji to provide electricity, but there
is no commercial electricity.

Also, the information transmission method could be very complex. One thing is
this is the volcano alert level introduced here in Japan. You have one, two, three,
four, five different levels. But people may think that level five is when the eruption
actually occurs. But at any level, an eruption is possible. We have seen eruptions
that occurred when the alert level was level one, two and level three. One, two,
three, each alert only near the crater, and reflects regional characteristics. This
alert level is very difficult to understand in a sense.

Also, we said that we are observing the mountain, but the observation data, first
of all, will come to the meteorological agency, and then it will be shared with our
research institute and the fire department, police, the prefectural government, and
then at the 5th Station of Mount Fuji, there is an office there, information will be
communicated there. From there, the mountain climbers will receive the
information. Therefore, the flow of the information is also very complex. Before
the information is received, maybe the climbers will already see the eruption
occurring right in front of their eyes. The information flow is complex.

And the infrastructure right now, along the climbing route, where can radio wave
be captured? We have done a survey of this. The darker the red color, the worse
the infrastructure is. You do have areas where radio wave could be captured,
where you can utilize Wi-Fi, but along the descending route, there are areas where
the radio wave cannot be captured. If you are in these areas, it means that you
may not be able to get the necessary information in time.
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We still are not able to find a good solution to this situation. However, thinking
about Mount Fuji, an eruption may occur in a short time after a precursor
phenomenon occurs. Also, there are many climbers and tourists that have to be
evacuated. It is not just one route for evacuation. Depending on where the vent
or creator is created, you need to have different routes of evacuation, and that has
to be communicated to the tourists and visitors.

For that communication, we need infrastructure. However, that infrastructure is
very weak on Mount Fuji. Itis not as if we cannot do anything. We will be utilizing
the cell phone as well to provide information, but we need to come up with
measures in order to have a better communication route.

I have just explained about the current issues that we see in Mount Fuji. Thank
you very much for your kind attention.

Nobuko KAMETANI
Thank you very much, Mr. Yoshimoto. It is already time, so let us move on to the
next presentation.

The third presentation will be given by Project Senior Specialist at Department of
Systems Innovation, School of Engineering, The University of Tokyo. Hiroshi
Takezawa will give us a presentation on Issues after the Communication
Experiments in Mount Fuji.
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“Issues after the Communication Experiments in Mt. Fuji”

Hiroshi TAKEZAWA (Project Senior Specialist at Department of Systems
Innovation, School of Engineering, The University of Tokyo)

Hiroshi TAKEZAWA
Thank you for the introduction. From the School of Engineering, the University of
Tokyo, my name is Takezawa. Thank you for inviting me today.

In 2020, the first communication program we conducted through which program
we have been able to review some of the issues, so we would like to focus on these
problems.

Ms. Saito and Mr. Yoshimoto already talked about some of these problems in terms
of communication environment in Mount Fuji. It is vulnerable. We have been
working to see how we can address these issues using local 5G, which can be self-
managed and maintained. Whether it is emergency time or non-emergency, we
have to make sure that communication is always available, to make sure that
communication, when it is really necessary at the emergency, can be provided to
climbers.

Assumptions, I would like to talk about what the local 5G is.

5G, G stands for Generation. For about 10 years, generation changes and mobile
communication technology continued to evolve. 5G in terms of communication
performance, there are three characteristics. Extremely fast. You can download
a two-hour video in a few seconds. Ultra-low latency. You can remotely operate
the complex movements of a robot. And multiple connection is also possible. For
example, you may have 100 sensors at home, all of these can be connected at
stable communication.

When it comes to local 5G, this is really a self-managed and maintained 5G
network. Receive a request from owners of the land or owners of the land, can
actually ask for a license from the Ministry of Internal Affairs and Communications
to maintain a 5G network locally. Now, if you look at local 5G from use cases
perspective, since you can set up a local 5G network, when necessary, you can
actually utilize as a platform to realize specific ideas and purposes to ensure
wireless communication that is needed. This is a key that you can actually
customize the conditions and specification of the network.

As you can see on the slide, dedicated frequency bands are allocated for 5G. 5G
used by carriers and local 5Gs, use and maintain different frequency bands are
available to ensure stable connection. Let me summarize what local 5G is, what
are the benefits of local 5G.

In terms of the differences from Wi-Fi, this needs to be licensed. In other words,
specific frequency band must be licensed to the operator, and that ensures stable
communication. In terms of security, there is lower risk of management, and it is
customizable. These are three characteristics of local 5G.
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Because of these characteristics, this is suitable for mission-critical usage. In other
words, telecommunication can be democratized. It's great significance you can
maintain your own local 5G network the way you want to meet your needs.
Utilizing local 5G, Ministry of Internal Affairs and Communication presented the
development and demonstration for realization of problem-solving local 5G project.
In 2021, as you can see, we were selected to participate in this program on the
theme of Disaster Prevention and Mitigation, Yamanashi Prefecture, Fujiyoshida
City. As you can see, we have set 4th Station, 5th Station and 6th Station as
locations for this experiment.

Since this is a program offered by the Ministry of Internal Affairs and
Communication, NPO Central Corridor Information & Communication Laboratory is
the leader that invited us, including MFRI, Prefecture of Yamanashi, and also the
University of Tokyo working on together.

The Yamanashi Prefecture and the School of Engineering, the University of Tokyo,
serves partnership agreement on promoting volcanic disaster prevention for Mount
Fuji on June 3, 2021. This shows the whole picture of the demonstration for
regional local 5G at 4th Station, 5th Station, 6th Station. As you can see, we have
the radio wave simulation on the right-hand side.

In terms of technical demonstration and problem-solving demonstration, we have
two major demonstrations in our program. Looked from the bottom, as you can
see, this is a sharp, sloped side of the mountain, and we do have the measuring
equipment. If you look at the lower right-hand side, this is color coded indicating
different colors, indicating different levels of radio wave reach.

We actually set one wave station for about 100 meters. Some of the characteristics
of local 5G installation have been explained by Mr. Yoshimoto. We have to simplify
the configuration at the base station because of the lack of power source.

As you can see here, we, University of Tokyo, set up a venture, a startup, to
develop a server, which includes all the softwares that are needed to create a base
station, and this can be run by a portable power source. It is a very simplified
system. This is how we set up local 5G. As you know, it is very simple. It is easy
to install. As you can see, the equipment on top of the blue sheet, and we set up
antenna that to create the local 5G network area.

In terms of problem-solving demonstration, there are three things that we need
to solve. Why do we need local 5G? It is ensuring stable communication. It is
secure. It can be customizable.

What are some of the issues that we need to solve?

At first, we need to visualize sign of disaster such as eruption, so remote
monitoring system is needed.

Secondly, as Mr. Yoshimoto mentioned, it is the speed. Near real-time

communication is necessary to provide information to climbers, and that is the
second point.
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Thirdly, scientific big data sharing where the eruption occurs and how this
information is conveyed to climbers so that the situation changes every second
and this information needs to be provided to the climbers. Remote monitoring
system construction, this system will observe falling rocks at a fixed point, and in
the future, it will be able to predict damage in advance by reporting the situation
in real time and will be able to notify us.

In terms of safety monitoring, at one location, if there may be a climber who is
not feeling well. We have built a system that analyzes the video and automatically
communicates the information, such as by glowing the screen red as shown in the
right-hand bottom and notifying the person being monitored. In terms of local
communication system, when an emergency situation starts, the ordinary
communication is often not available, so you need to make sure a specific
communication is available for transmit information at once.

In terms of scientific big data communication, depending on where you are, you
should be able to understand what risk you will be facing, and that information
should be provided in the application on your cell phone, as you can see some of
the examples at the bottom of this slide.

What you see here is provided by Mr. Yoshimoto. There is rough terrain on the
side of Mount Fuji. Depending on where the vents open and where you are, there
are different levels of danger that need to be detected and predicted, and multiple
layers of information will be overlaid together so that the real-time and prediction
information is given to the person in the mountain.

We conducted a workshop on February 18, 2022. We invited to participate the
local people, Ministry of Internal Affairs and Ministry of the Environment, and we
shared a discussion and had feedback from those participants as well. This is part
of the MIAC's, Ministry of Internal Affairs and Communications' homepage.
Detailed information is provided. If you are interested, please go to the site.

Demonstration results and issues and recommendations seen from demonstration.

The local 5G can be set up wherever you need. The challenge is how we can link
the local 5G with wide area networks. Fiber optic cable as well as satellite
communication should be utilized effectively.

But a second challenge is the permanent operation. Mount Fuji represents a severe
environment for equipment. The temperature is low. It has a high wind velocity,
and also the shortage of power sources. Clearing of permits and approvals can be
also a challenge. It is necessary to be able to transport the communication
equipment and base stations to wherever that is necessary in the event of a
disaster. Currently, this is not allowed by a regulation, but its necessary
establishing operational methods for emergency measures. We may want to apply
Phase free concept to make sure that the platform is always available at the
ordinary time as well as at emergency.

We, the University of Tokyo, is trying to carry out experiment to connect satellite
with local 5G communication. As I mentioned earlier, Mount Fuji represents the
extreme conditions. Some of the cables may be damaged by the snow avalanche.
Antenna as well is quite susceptible to strong wind, so we need secure maintenance.
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Regarding contingency measures, I think it is necessary to solidify a system that
allows base stations to be moved and operated in the event of a disaster in
preparation for a sudden contingency.

Let me summarize. I want to talk about the values of local 5G. There are three
major characteristics. Because of these three features of local 5G, local 5G is
suitable for mission-critical systems.

With regard to issues and recommendations that we can make on permanent
installations, as I said five points earlier, we would like to apply Phase free concept.
From ordinary time, we have to make sure what should be established working
with local citizens. We want to continue to work towards demonstration and
implementation.

Thank you.

Nobuko KAMETANI

Thank you, Mr. Takezawa.

For all the viewers participating online, please ask questions in Q&A box, and then
we would like to invite questions from the audience. If there is no question, I think
it is now time to have a 15-minute break.

Thank you very much, Mr. Takezawa. We will be resuming at 2:45 p.m.

Thank you. The next presentation is given by Professor Matti Latva-Aho at the

Faculty of Technology, The University of Oulu, Finland, titled 5G and Beyond
Networks Serving Society.
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Vertical Applications Creating New Possibilities

Value chains and ecosystems related to key verticals are highly different.

Logistics Agriculture Health Automotive

[ R A YR (7

=) il A

Retail Industry 4.0 Energy
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Why and what is 6G?

Mobile communications have driven major societal changes in 20-year cycles

%‘ 1G-2G6 i ! 3G-46G6 THlNGS 5G - 6G

1930 2000 -2020s Billions of Mobile -2040s Trillions of
Millions of v Broadband users nected objects & intelligen

Massive automation of society needs more than 5G can offer — 5G is just the start.

6G will merge physical, digital and biological worlds fulfiling UN SDGs of digital societies.

6G requ ires more radical transformations:
ilities of wil ission must be pushed to the limits
ion of artificial i i networks and applications
rad cal innovations needed for future wueless business ecosystems
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6(G 6G Merges Communications with New Applications

6G is not only about moving bits:
it will become a framework of
services, including
communication service.

Eoge AR/VR
Computations

&7

In 6G, all user specific
computation and intelligence may
move to edge cloud.

Integration of sensing, imaging
and highly accurate positioning
capabilities with mobility opens a - % m
myriad of new applications in 6G. SRR

N

Trust and privacy are key prerequisites for
successful 6G service platform.
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5G Use Cases and Requirements from 2015

International Telecommunications Union (ITU) defined requirements for
International Mobile Telephony (IMT) standard for 5G, i.e., IMT 2020:

Up to 10Gbps data rate - > 10 to 100x

speed improvement over 4G Heterogeneous us

1-millisecond latency (or delay) aiverse requireme
1000x bandwidth per unit area

Up to 100x number of connected devices
per unit area (compared with 4G LTE)

99.999% availability

100% coverage

90% reduction in network energy usage
Up to 10-year battery life for loT devices

IMT 2030 requirements for 6G will be

defined during the next 2-3 years.
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Verticals driven open ecosystems.

Fits well to local 5G/6G concepts
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- Virtual operator does not have own
infrastructure but has own customer base.

«  Micro operator (uO) has own
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Remote Areas Connectivity Challenge

The digital divide is increasing, and it is most acute in rural
and remote areas.

For digital inclusion, we need to concentrate on
requirements and challenges in rural and remote areas
from the beginning.

Affordable and sufficient service solutions do not call merely
for i i but for novel ion and
various

g the

Technically, it uses mobile cellular solutions in local limited
places where people live and work and various backhaul
solutions including large cells, relay technology, and
satellite technology. All solutions should target affordability
and sufficient service, which may differ from targets set for
new high data rate solutions for high-population urban areas

2FA4 K 23

49



—EARREIZR D T,

TTDT, T 9o RO EDBREIZ OWTIE, FEEINRY RS L R BITE - T
WET, BIEOT 7 /o —TTEH L3 SAHY 30, FleZm L LT, WJmi\
BRI, TR VX —FERRWEENRIEFICZ N E NS 2 LT, BAETTRTRXLF—_—ZT
DTANF—2Z DY THRDLER DY £9, KEHEE L, HLWITES L, £LTED
WAy T U —%FEL T, TRALXF—Z2OTELEWNI TENRMETT, To20o7xry hY
— 7 BREESE 5T, EREFEHO Ry N =2 ICEEEHTONEEZETHLEND D £5,

HFEBIoEHLETFIDEENE LTz, 74T R, v 772 ROFEHIRATTR,
Z O AL, A OB 1 TR e A — MLl 2 ALDWERA, Z IV olo & X
FEHITEM? 5G ° 6G Oy hT—7 Z{E-> T NDHTL X 90, IEFITAODD 700 Hidik
WZBWT, TTOT, A>T 7I0EI 7T e —F TR L2 QIR A, BIFRD
FHERD, EANR Y — A2 KERTHRBUETED LT D EWIFHRMETT,

Z O W o ERHIZ IV T, BRI E
IR EED TOET (AT 4 R 24), H
EREALANRY VU= EAfi5ET D 3D
2y NU—7 b LAAEREER L H Y F

Remote Areas Connectivity Challenge

The digital divide is increasing, and it is most acute in rural
and remote areas.

For digital inclusion, we need to concentrate on
requirements. and challenges in rural and remote areas

from the beginning.
Aﬂ dbl and st lf lervlcesoll s do not c: Ilmerly _é—o %%£@70?‘Y Fjj—_Ac:Ol/\/C\
but for novel
variou: s o > .
te AARBASAA=TTH H 20 FFgizE-
Technically, it u esm ble cellular soluto ns in local limited
places where people and work aj rious backh:

solutions including Ia ge cells rela; yl chnology, and
satellite technology. All solutions should target affordability

— TWET A, FEFICHREa 27
Pt Mg dat ate Souions or RGh-popuiahon uioan areas » T OMENDEITHTEE LT,
L LA UAV, Rr—r b W0nAAR
A7AF 2 WO S T LS TEET, T, 1A
HHVIE 1 HEMIATED, Fa—rRer Y —F — X OEFEREZIET 5 12O OB 72 FRATRE R
WhHIL, 77 BARE LGt —Z2BENWTIHEREZED DL ZENTEET, Zhb b
EPKRELHEATND EZATT, 6G TIHMOHLOMENH T, £ LT 7G ORRIZIZLTBLSE
27> T EBWET,

WAWA MR BEIZ DWW TEERZ LT

ssee Y L i FVD FE LA, 4 HREE 2o T B
O =z FELMMC b, BRI ORI EE /> T &
L, o O, =9 (T4 K 25), ﬂk%ﬁ%% =
m”‘ﬂ% Rt EOFEE NP LOBE OB L mni
éﬁﬁb%‘ﬁwa&j LET, BB bitanzw _ﬁﬂ
mismc\!b’- %Y'E:"”:m;;‘““ DB NN EETY, ZAUTMEAE R T
" HYEEAD, BEEOFHETT,
FERDHFEZETIIMAFTFE D D, A
ATAR AHET, RIS AT B O, =

NOOHKOEEICHELZITET, ZOXH>u—hrxy NU—7O&IT. L0E 08
& TLWEEZTHICHELL Y LTS AETICE ST, HEREVRARAT Y ALY
jz‘a—o

50



Directions

A

6G Visions and Research

6gflagship.com/white-papers

Business

Standards

Critical Drivers Towards 6G

Digital inclusion via global coverage

Connectivityis key to satisfy UN SDGs and needs of digital
features need to be complemented by specific remote areas solu

ies; current terrestrial technologies with evokutionary
including satelite.

New ecosystems and disruptive busine:

el i appl s oper

Security  Service driven network architecture
otwork

Networks are ubiquitous, local with va
popular. Service becoming

ctivity
after the network ownership

Super efficient connectivity at high spectrum bands

‘accuracy can be achieved only locally in rather short-
100GHz

EEEEEEE

range
Smart Al enabled networks and applications

Networks and applications become intalligent, self-leaming and context dependent; edge intelligance is the kay technical
bler and lized cloud solutions.

274 K 26

AFA K 27

Starlink DA —1 2 « v~ A7 0N, iflHERLVHEOEEEZH L THESRY NU—22EAS L L
TWADNRFDEWWEITY, FREAITZ O Starlink 2~ T, B LIUTOERLERTV-T
WET, FEENRZOEDRXAZFEHELTCLE Y DOTIEHARL ., FIHSZAFICHI N-LDIZT S

VERH Y £,

FHt il REtE D S| R HIXEED I LT 2B HRETELH Y A, EZIEATH
e LTh, R L ERNRY — 22T X TOANCRET 2D, KV RFEMITRLAR
FEREBRNEENET, ZOVoltERT, oY= n3RoTELI &I +4TiEd
DEHADT, SBEORERELUGET HLENRH D £77,

Follow Us

6G Waves Magazine

6G Research Visions EuCNC 6G Summit

eucnc Summit

AT7A K 28

e

FLAGSHIP

UNIVERSITY
OF OULU

More than wireless.

6GFLAGSHIP.COM + #6GFLAGSHIP

yooo

2AFA4 K 29

51

HLLINHDOWAWARAIHEIZ OV T
DFEMICHKOH 5 HIETEOIHHD
White Paper # 4% 7> m— RLTHTL
I (RAT7A R26, 27), bo L&
AWOTERDBE > TWET, £z, Bl=HD
MgEa 7 —L7zWHIZRE D [6G
Waves Magazine| &9 HEREN & & E0k
FTHRESNET (X4 F28), FAzH
DIFFERL R DN T DA b — U — 35
INTWET,

F R EBRA IR A X N A FEmAIC LT
WET EBE6 AT —r vy REEA L
F£[7] ¢ TEuCNC 6G Summit] = 3 —1 v
NEHTIT-> T Y £ LT, #KEEITEU
DiFEREETITOILD Z ENMEEIZR ST
WETRE 6 AIZA Y = —F U nEEE
IRV ETOT, a—THRIVICWDHETEH
DFEERZOH Iy FEFEMELET,

THEREES LDV NE S T NnE L,
Flo, THFWEEE, HO L H> T8N
FL (R4 K29),



Ban (FSEIT)  LatvarAho ik, HO AL S T 0E Lz, BREAHV L6, BENW
LET, RIZHTTOT, RO THWHEHIZBEY 72 BvET, Latva-Aho 8k, HY R EH
TWE LTz, 5FH O THHIT, AUXKRFPREGE LEER, o AT LRI HEER, TR
AL, TE LU DX ~ORE | EWV )X A MATRIEELWEEEEd, HREKE, LALLLSE
FEVNZ LT,

52



“5G and Beyond Networks Serving Society”

Matti LATVA-AHO (Professor at Faculty of Technology, The University of Oulu,
Finland)

Matti LATVA-AHO

Good afternoon, ladies and gentlemen. It is a great pleasure to be here at Mount
Fuji. It has always been my dream to see Mount Fuji from near distance, and
yesterday, the weather was so good that we were able to see it from the 5th
Station.

We have also one sacred mountain in Finland. It is called Mountain Saana. Itis
far up in Lapland. It is, of course, much smaller than Fuji, but it is a sacred
mountain, where the local people are living there, and we call them Lappish people.

Although it is a city 200 kilometers south from Arctic Circle, located by the sea, in
Northern Finland, we have some attractions as well. We have very active Northern
lights, and they are very much visible exactly at this time of the year when the
nights are dark. A lot of tourists come to Lapland and Northern Finland to enjoy
Aurora Borealis.

Also, we Finns believe that Santa Claus is coming from Arctic Circle. There is a
city called Rovaniemi, where he lives. These famous characters, Moomin
characters, actually it is a Finnish character, and we have a theme park in Southern
Finland where you can enjoy all these funny Moomin characters.

Oulu is also going to be European culture capital in year 2026, but every August,
we organize Air Guitar World Championships, and twice this Japanese lady, Nanami
Nagura, has won the World Championship title. You can try to find some videos
from YouTube. It is actually quite funny.

I am representing 6G Flagship from the University of Oulu. This is the world's first
biggest 6G program. We started on 1st of May 2018. This is a four-plus four
years' long program, and we are now a little bit over halfway of it. It is operated
at University of Oulu. We do not have any other partners. We have currently
almost 400 researchers working in the Flagship at the University of Oulu from
various fields of relevance related to 6G.

One thing we importantly did in the early phases of flagship is we carried out with
international expert group of specialists from over 30 countries, and there were
250 people altogether. We chaired this white paperwork. I am going to explain
you a little bit later what we actually did, but those have become very popular as
6G visions and showing the way to the rest of the world what are relevant things
to look at and consider in 6G technology development. Of course, as a university
group, we are active in publishing our results and also a production of high-quality
doctoral thesis.

In our research, we want to address not just technology and wireless
communications research challenges, but we find extremely important to address
also regulative issues, future business models-related challenges, but most
importantly also sustainability issues. How can we develop 6G in such a way and
to such direction that it supports these really challenging Sustainability
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Development Goals? I am going to address all of these during my presentation
and get back to this in the end of my talk.

In our research, we are looking at four major, what we call, strategic research
areas.

First of all, wireless connectivity, how these wireless systems should be developed,
built? What kind of technologies we should use in various different conditions?

Second, we are looking also at how can we implement these in cost and energy-
efficient manners? Device and circuit technology research is gaining more and
more importance as the time is going on.

Third, there is a lot of even some hype in our research area in globally utilizing
artificial intelligence-inspired machine learning algorithms in various ways in
wireless systems and networks, and also future applications. But despite of this
small hype, lots of important ideas have been adopted already and will be adopted,
for example in network automated optimization as an example.

Then, the fourth area is related to future applications and services. In order to
study those, we have been developing 5G test network since 2015. We are now
determined to take it towards a 6G era, and we will equip that 5G test network
facility with some 6G-capable radios and features so that we can demonstrate in
the coming years what 6G could bring to us humans.

At this point of this strategic research areas, we have selected four major, what
we call, strategic vertical areas as our study objects, where we want to develop
future solutions for. These all are of national priorities: health, industry, vehicular
and automotive sector, as well as energy sector. We want to explore in great
detail that how these different types of application areas should function as
ecosystem, what is the value for each of the players in the ecosystem in the future
when they are a part of this 6G technology leap?

Global collaboration for us is very important. Japan is one of our prime
collaborators. This May, our Prime Minister Sanna Marin visited Japan, and I had
the privilege to be part of that delegation. With the help and assistance of
Professor Akihiro Nakao, there was a high-level seminar at the Tokyo University
which significantly speeded up the collaboration between Japan and Finland on the
road towards 6G.

When we look a little bit back, there has always been what you can call a Killer
application to really speed up the popularity of different mobile generations. There
is new mobile generation every 10 years, and when we started from 1G and when
we went to the 2G, it was mainly voice-oriented usage. We used mobile phones
as telephones, a little bit text messaging, but that was all. With the development
of 3G technologies, we started to consider also using mobile handsets as wireless
gadgets to get connected to internet. 4G technology made it really possible, since
the data rates that we need for a nice internet experience were possible only with
the introduction of 4G.

That is past and still partly current.
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5G has made a big promise to connect lots of different things around us, different
sensors, different objects, different machines, robots, cars, different processes in
logistics to be wirelessly connected to internet. But this is still mainly a big promise.
We do not know what is the so-called Killer application making 5G, and after that
6G, a great success. There were lots of expectations, but we are still far away
from having them available. Currently, the situation is that 5G has continued this
mobile broadband development, so we have faster access to internet, not
significantly faster even, but a little bit faster with 5G handsets. I have to say that
this is considered as a disappointment so far everywhere.

When we look at what possibly could come next, 6G, we have to change a little bit
the thinking. So far, we have been always after higher and higher data rates only.
For example, current 5G mobile broadband is a good example of that. We should
think about why and what for we are developing any technology, and in this case,
6G wireless technology. We have a lot of challenges in the world from societal
perspectives, and we have too many challenges which seem to be currently even
too tough to solve. But by collaborating globally, I think we can achieve good
solutions in the coming years.

The United Nations Sustainability Development Goals is a good example of
commonly accurate goals to which direction the world should go. On this left-hand
side, I would say that these are kind of soft target, soft values that we hardboiled.
Wireless engineers and researchers should think more carefully and take them
more seriously. We are very good. The engineers are very good at developing
different technology enablers, which are important, but we do not consider always
that, "Okay, how does it benefit the humankind and world?" This mentality has to
change, and so we have to consider all these.

Technology enablers are many that are happening now. Wireless connectivity is
one. Robotics is an important area that is developing very fast. Automating all
kinds of processes. Is it automated driving or is it automated factories, or
whatever it is, there are lots of things happening there which are equally important
like wireless connectivity?

The fourth area is that what was set as a target for 5G especially was to greatly
improve the productivity of vertical applications. If you analyze very carefully,
industrial productivity has not improved that much during the past 20, 30 years,
which is quite surprising. 5G was made as a big promise to greatly, greatly
improve industry's productivity. We are still on the way to get there, and I am
personally convinced that it will happen. It will just take a little bit more time than
we expected.

When we are developing new wireless technologies, we researchers and engineers
talk about Key Performance Indicators, KPIs. They are related to data rates. They
are related to latency or delay. They can be related to positioning accuracy, energy
usage, or cost of the devices, etcetera. But in Europe, we have started to discuss
already a couple of years ago a lot on bringing in Key Value Indicators, KVIs, which
are hard to measure, hard to quantify, hard to map exactly to product
requirements or system requirements but are extremely important to agree on
and to openly discuss.
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For example, digital inclusion, inclusion of all players in the society in defining the
requirements for 6G is a good example. We do not know well enough what are
the types of applications and system requirements coming from those of various
sectors of society and industries and potential players in the future.

Secondly, I think we have to be more transparent. There are lots of issues to be
still resolved. For example, in data privacy related to various Al algorithms usage
in large scale. How can we really make sure that personal information is never
leaked, or it is filtered in such a way that everybody or persons can accept what is
provided from our daily lives or our health situation to future 6G, 7G, 8G system.
In general, privacy, security, trust, the future systems are very important. If the
customers or people do not trust that 6G is good for them for whatever reason,
health reason or data privacy reason, then this will never really become a great
success.

These days, there is a lot of discussion on what is called O-RAN or OpenRAN. It
means basically open source everything. This is a trend happening maybe not as
fast as key players like operators would hope, but it is definitely happening in the
future. If we want to have open source everything kind of mentality when defining
and developing 6G, the attitudes need to change a lot, because it is a competition
advantage not to tell your secrets to everybody. You must have something on
your own.

These are just some examples about these KVIs, and like I said, these are not
easy at all to quantify.

I do not remember exactly when this Society 5.0 concept was launched in Japan,
but I have seen this maybe already in 2015 or so, and I liked it from the very
beginning. This is a nice way to describe what are the societal targets and in which
sectors of society the modern ICT technologies could be useful, and then they
explain also that what are the critical enabling technologies to make it happen.
There are different acronyms on this second layer of the circle, or actually third
layer of the circle. There is no need to go into those details, but they are nicely
mapped there.

Also, they have defined who are the stakeholders who we need to consider when
we want to make this future digital society reality. We have to take onboard
everybody. This is no longer a show of mobile operators, for example, alone, as
it has been in past for a very, very long time. We have to take onboard all the
stakeholders, different vertical application players, and then start to think about
how we most efficiently build future digital services, which are useful for society.

Personally, I believe, and we in our flagship program we believe that we have to
have very close look at the future-critical vertical application areas. We have to
understand those far better. There are hundreds, if not thousands, of different
vertical areas. If you think about, for example, from this example, like agriculture
versus health versus industry, the relevant players in each of these are highly
different. The types of services and applications we need for making these
segments of society are more efficient. They are totally different. Also, the
communication requirements become different. For example, data rates or energy
consumption of devices, they can vary a lot.
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Maybe we are coming to an era where this "one technical solution fitting all
problems" thinking is no longer the right way to go. Maybe we have to be able to
customize solutions far more than in previous generations. We are still in research
phase in 6G, and at least we try to find good solutions for different selected
application areas. Then, it is a matter of standardization in the future to find out
how to put these different options together.

But what is 6G and why we need it?

I think the target is massive automation of society. This has different names, like
digitalization. Definitely, in order to make it happen this future society vision
possible, we need more than 5G can currently and in the near future offer. 5G
really is only a beginning of new way of thinking of what we can utilize mobile
networks for. It is more than personal communication device. It is more than
broadband connectivity to internet. It is actually one of the basic pillars of future
societies, and it is only a start.

In 6G, we have been hearing these different visions of metaverse, and it has, of
course, many different meanings, but really, we are merging physical, digital, and
biological world.

What does it mean?

Biological world meaning, for example, our bodies. Physical world means, for
example, the built infrastructure around human beings. Digital world is, for
example, these digital twins that we can build to model very accurately different
things and phenomena.

Also, 6G requires more radical transformations compared to 5G. First of all, we
have to try to push wireless transmission capabilities to the limits. An example of
that is that currently in research community, we study really extreme radio-
technologies like terahertz communications, which is a really, really super high
frequency to be used for radio connectivity, as an example, but there are many
others as well. Then, we have to also understand that how we can most efficiently
utilize AI, artificial intelligence, in optimizing and dynamically optimizing future
networks and different applications.

Thirdly, I would like to point out that we need new ways of building, operating the
networks and how we serve customers. Are they humans or machines? How we
most efficiently develop applications for those? We need new ways of thinking.
Too many things for too long time have been depending on operators' innovation
only, but we need new players. That is very clear.

If you think about this future metaverse or smart city, there are so many different
processes that potentially can be connected to this huge future digital society or
smart city. Again, these different segments represent very different application
needs, very different set of players that are behind this, again, encouraging to
rethink how should we build and operate the future networks.

One smaller version of this smart city is Smart Campus, and this is one of the

possible collaboration areas that I have been discussing with the University of
Tokyo with Professor Nakao. Hopefully, we can carry out some demonstrations in
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the future within this context. But this future Smart Campus is a mini version of
future smart city, and maybe we are able to showcase some really useful future
digital applications in this context.

Now, looking at what has happened during the past few years. The research
community has presented various different target values already for where 6G
should try to aim at.

Peak data rates per sale, so per pay station. The numbers between 100 gigabit
and up to 1 terabit have been discussed and shown. Concerning the radio latency
or delay, 0.1 millisecond has been presented. Battery lifetimes of 20 years. Huge
number of devices per cubic meter. Traffic is increasing 10,000-fold maybe. The
energy efficiency has to be improved 10 times. Very accurate positioning to be
embedded on top of communication capabilities is one of the new features and
characteristics.

Currently, we mainly utilize GPS positioning, but it does not work indoors. Maybe
some autonomous objects moving require much more accurate positioning
capabilities in the future. This is not a suggestion on what 6G should target at,
but just a collection of humbers that have been presented by various different
companies and research groups.

One more view, another view to 6G is that what is it. It is not only anymore just
transmitting bits. It is not only mobile broadband. It is going to be a framework
of various different types of services, including communication service. One
example of that, that is discussed currently a lot in research world, is combining
communication and sensing within the same system.

We could sense or build 3D image of our surroundings. We could also include very
accurate positioning to that. We could, for example, develop new senses to see
around the corner in the city. If we have these collaborative sensing capabilities
in the network, that kind of techniques could assist us a lot in collision avoidance
of, for example, in a traffic or pedestrian safety.

Future networks will be extremely intelligent, and the intelligence will be brought
very close to actual end users. Right now, we rely too much on what is called
centralized cloud servers. Somewhere far away, all data is transmitted, and then
really fancy AI algorithms are doing lots of processing and then we can enjoy
services based on that.

But in @ mobile network, the environment is highly, highly dynamic, and we do not
have time to transmit bits first to the cloud server and then getting something
processed back. We have to carry out all the intelligent processing very close
where the users are for efficiency reasons, for keeping the latency or delay down,
and also energy efficiency reasons. This concept is edge cloud, or the name most
often called. It means that very close and every single building could have an
intelligent processor processing data that it is collecting from the surroundings.

We now compare what these visions that we think 6G could be to the promises
that 5G was making almost 10 years ago. This is a short listing of 5G targets that
the European Union was defining back in 2013 for 5G research and development.
On the left-hand side, there are various kinds of slogans stated, like amazing
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volume, always best connected, no delay, energy efficiency, secure networks, and
many others. These are all extremely true and valid also today when we discuss
about 6G targets. Of course, the numbers and numerology related to all of these
targets are upgraded and have to be upgraded, but the challenges remain the
same.

If we look at, for example here, in 2015, so soon after this EU set these general
targets, International Telecommunications Union, which is an organization under
United Nations, which has been defining the development of telecommunications
sector for a very long time, they defined so-called International Mobile Telephony
standard requirements, which was called IMT-2020 concerning 5G. They, for
example, have defined exactly these technical parameters for 5G targets.

I would like to point out two things that seem to be failing badly for the time being
at least.

100% coverage, coverages everywhere, meaning that no matter where the users
or applications are, they can be connected. We are definitely not there.

90% reduction in network energy usage. I think it is just the opposite. I think we
were able to increase it by 90% more. Maybe not so much, but that is a big failure
also. Our hunch is that maybe for 6G requirements, this energy efficiency issue
will be addressed very strongly. If you look at now, for example, what is happening
in Europe, we are living in a serious energy crisis. I am pretty certain that the
European Union will require significant energy efficiency improvements for 6G
targets.

These 6G requirements, which will be called IMT-2030, they will be defined during
the next 2 to 3 years. I am not sure if the exact date is yet out or declared, but
that is going to happen soon. After that, I think we know exactly what are the
technical requirements for the 6G system.

One of the important things related to developing future mobile technologies is
related to radio spectrum. Without allocation of new radio spectrum, there most
likely will not be a new mobile generation at all. Radio spectrum is heavily utilized
and fully occupied, I would say, up to, let us say, around 6 gigahertz. Not quite,
but almost.

Now, when 5G development started, we were focusing heavily on what is called
millimeter wave technologies going to 30 gigahertz and even above that, where
lots of unused bandwidth is available. When we allocate more bandwidth to mobile
systems, we can expect to have more capacity, bigger data rates. That is simply
what is happening there. Up to 5G, every country has organized a spectrum
auctioning, kind of a competition where different operators are bidding, they are
buying spectrum licenses for 20 to 25 years, depending on the country, and they
spent billions and billions of dollars for getting these radio license permissions.

Now, when we move to higher spectrum bands, and these spectrum licenses are
typically given countrywide. When we go to these higher spectrum bands, the
spectrum licensing countrywide does not make any more sense. Because the radio
signals will not propagate that far at higher frequencies, they do not even
propagate through windows anymore at millimeter wave frequency bands, at least
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not much. If you go to 100 gigahertz spectrum range, we have to change the
policy and principles how spectrum is given for different players.

This is our thinking that when discussing about this local 5G, in the future local 6G,
especially this high spectrum band area is the most promising for it because
operators might be accepting appearance of these at high spectrum bands only.
Also, it supports the thinking of locality. We can have different players operating
the network in different buildings in a city, and they could easily coexist because
of the radio propagation characteristics at high spectrum bands.

This is what we are currently thinking jointly with Professor Nakao, to consider
how millimeter waves could be used for these local 5G, local 6G concepts.

This is one example of a concept we developed back in 2015 for the local operators.
We called it at that time micro-operator concept, where it is very local player and
can be focusing on very special services. But the difference compared to current
commercial local 5G, and this micro-operator concept is that these local 5G
concepts today, they are private networks. They also call it private 5G networks.
They are non-public. They do not allow roaming of different operator customers,
or it is not at least forced requirement. What we should do in 6G era is to put as
a requirement also that national roaming is possible, and these local networks
could be and should be made public.

In that way, for example, if Mount Fuji 5th Station would like to establish a local
network in the future, it is definitely of interest of this area to allow any operator
customers to access the services of that local network when they go to the area.

One more specific challenge is related to remote areas connectivity challenge. In
the world, there are several billion people still who have no internet connectivity.
Often, these people, they live in remote and poor areas. We have to understand
that in that kind of areas there is absolutely no communication infrastructure today.
The requirements are very different compared to what we, living in metropolitan
areas, big cities are looking for.

The solutions that should be addressed to them should be affordable, meaning that
they should not be too expensive. They would be happy to have sufficient service
level. They do not need the latest terabit per second data rates in the future, but
even any connectivity level would change their lives drastically.

Maybe this is something also for challenging areas. In developed societies, if
communication infrastructure is very difficult to arrange in such areas, maybe we
should think about organizing, let us say, some basic services only for such areas
without excessively high data rates.

For example, listening to these earlier speakers, that disaster recovery situations,
we do not need necessarily the very high data rates. We need to alert people. We
need to secure them coming back down safely. Different types of services would
be needed for that.

For these remote areas' connectivity challenges, they are mainly non-technical in

our opinion. There are lots of things that can be done in today's technology, but
with special requirements. Like, very often, they do not have energy sources, so
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we have to generate energy locally using renewable energy sources like solar cells
and windmills, for example, and have batteries to store the energy when it is
generated. Also, incentives for building these networks have to be retaught who
is going to finance these networks in remote areas.

I forgot to mention example of Finland. In Lapland, the area from Arctic Circle and
above, the population density is only two persons per square kilometer. What is
the incentive of operator to build expensive 5G/6G networks to such an area where
only very few people live? The incentives have to be taught differently. Maybe
governmental player is needed to subsidize that somehow because it is very
important in the future that all can enjoy at least basic level of digital services.

In remote areas, this is something that researchers are currently considering
everywhere, I would say. We talk about 3D networks to complement these
terrestrial mobile networks built to the ground. Of course, satellite connectivity is
there. Then, these high-altitude platforms, Japan has been pioneering already for
the past 20 years, and very interesting concepts have been developed over the
years.

But now, also these UAVs, drones can be utilized in many different occasions. For
example, if you have a regular flight path for drone collecting, for example, sensor
data information several times per day or week just to collect the data from the
sensors which are located in really difficult locations. But this is now under heavy
research everywhere, and I think something will come out of this maybe already
during 6G, but definitely by 7G era, I think this is reality.

Now, I think I went through these different corners of our research agenda.
Besides technology research, which I did not talk about today at all, regulative
issues are very important. The academics, at least we have to try to challenge
current regulative setting, which is definitely operator-dominated totally. We have
to challenge it. We have to try to change it for the good of society. It is not an
easy journey, but it is our responsibility.

Then, these future businesses are related to these regulative changes that what is
allowed, what is possible, what makes sense in the future. These local network
concepts can open a lot of new business opportunities for new players who are
willing to invest more money, new money to the markets.

A good example is, for example, Elon Musk and Starlink. He decided to invest
billions and billions and billions to build satellite network, and now, Nakao-sensei
can enjoy Starlink using these which is an experiment here. We should keep in
mind that operators do not own this business. We need new players to enter.

For the sustainability reasons, I think we have to also not think only about the
money. I think we have to be more democratic towards offering everybody, at
least basic level of services, no matter where and which part of the world they are
living in. I think we engineers have done a very bad job so far on that, and we
have to do far better in the future.

If you are interested in finding out more of the details on these various aspects, I

recommend you to go and download these white papers that we have been
publishing. There are lots of more information available.
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Also, if you want to follow our magazine series, the next 6G Waves magazine will
be published in a couple of weeks' time. There some stories about our research
achievements are explained.

Also, we are actively organizing international events. Jointly with European
Commission, we organize every June EUCNC 6G summit in some part of the Europe.
It is always the chairman country, European Union, during that time, and next
June, the chairman country is Sweden. Therefore, this event is organized by our
colleagues in Gothenburg.

Thank you for your attention and thank you for inviting me here.

Nobuko KAMETANI

If you have any questions, we would like to take some questions. If there is no
question, we would like to move on to the next presentation.

Professor Latva-aho, thank you very much.

The next presentation is given by Professor Akihiro Nakao at Department of

Systems Innovation, School of Engineering at The University of Tokyo, titled
Summary and Suggestion for Mount Fuji DX.
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Low Earth Orbit
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“Summary and Suggestion for Mt. Fuji DX”

Akihiro NAKAO (Professor at Department of Systems Innovation,
School of Engineering, The University of Tokyo )

Professor Akihiro Nakao
Hello, ladies and gentlemen. I am Nakao. I would like to talk about the Summary
and Suggestion for Mount Fuji DX.

I belong to the University of Tokyo at the Engineering Department. Beyond 5G,
Professor Matti said it is 6G, but it is referred to beyond 5G in Japan. There is this
Beyond 5G Promotion Consortium in Japan, looking at the generations beyond 5G,
and there is a great momentum.

Now, first, I would like to quickly go through the history of the evolution of the
ICT. As you can see, every 10 years, our mobile telecommunication has been
evolving.

In 2030, we will be going to Beyond 5G or 6G. We are starting to think about the
ICT for 2030 and beyond.

In 2025, we are looking at the performance requirements. Next year, at the ITU-
R, we will be talking about the performance requirements for 6G. After that, we
will be talking about the international standardization. Before 2030, there will be
a lot of product development and implementation. In our industry, we are already
making way towards 6G, and we need to do this very quickly.

You believe that deployment of 5G is still in process, so 6G should be something
far away. But among engineers and researchers in this industry, we have this
understanding that we need to be very quick in our action.

Now, let me quickly recap what 5G is.

Peak data rate is 20 Gbps. Then, the user experienced data rate is 100 mega bps,
which is often referred to as the large volume trans-communication. Then, the
low latency of 1 millisecond in the wireless communication section. For the wired
communication, it is using optical, so it is becoming very low latency. It can
connect multiple devices. The number of devices that could be connected will be
massive. This kind of ICT has been realized.

This is the slide that I use in my lecture to explain what radio waves are about.
Professor Matti said the word subterahertz. Radio waves is under ITU, which is
the UN suborganization.

In Japan, it is defined as electromagnetic waves of 3 terahertz or less. When it
comes to 5@, it is in this area of micro milli-waves, or the microwaves. But when
it comes to 5G millimeter waves, we are using 28 gigahertz. As it becomes high
frequency, it becomes difficult to treat because the radio waves cannot reach,
maybe does not go roundabout, like behind the buildings, so it is very difficult to
use these kind of radio waves. Therefore, in 4G, we had like 2 gigahertz or maybe
less than 1 gigahertz, and as the generation goes up, we move towards the higher
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frequency band, because the ones that we are using, that is easy to use, is very
congested.

Under 6 gigahertz, it is very congested which means that we are not able to have
wide bandwidth. Therefore, naturally, we need to move towards a high frequency
and the innovation is required.

When it comes to 5G frequency allocation, conducted by the Ministry of Internal
Affairs and Communications, you can see that it is much higher than 4G, for 3.7
gigahertz and 4.5 gigahertz, as well as 28 gigahertz. You can see the dotted line
because it is quite a big leap. One thing that you need to be aware of is that this
100 megahertz, we call this bandwidth, it is important that the spectrum is very
wide. If you look at 28 gigahertz, it says 400 megahertz.

As you go up the frequency, you can have a greater spectrum or a bandwidth.
That is what this allocation means. In the 28 gigahertz, it is quite sparse because
it is very difficult to use, as I mentioned earlier. But unless we use this area, we
cannot communicate at high speed and a large volume.

I know you are not necessarily an expert on radio waves, so let me quickly explain
what happened as we shifted from 4G to 5G and why we were able to realize large
volume and low latency.

As mentioned, 4G is very easy to use. They are using the low bandwidth, low
frequency. The bandwidth, when it becomes bigger, the data transfer amount will
become larger. In the high frequency and wide broadband, if you go up the
frequency, you can see that there is a surplus space

In the broadband, there is OFDM. We use OFDM to cut them into pieces to make
use of them. This is the multiplex system. OFDM, you cut them into pieces to
make use of it. But the more you have these pieces, the data transfer capability
will become higher. Therefore, in 4G, in the narrowband, each area is cut into
pieces. But if you go to 5G, it has broader area, and you will be able to have more
of those pieces.

That is what we mean by a large volume. We are able to make use of broadband
at a high frequency, and in 6G, we will be able to use more of the extra frequency
band. But in the high frequency, using OFDM, it is difficult to multiplex using OFDM.
Therefore, what we are doing is to develop technologies to make this happen.

Now, why were we able to achieve low latency?

This is closely related to the bandwidth, each of this width, when it becomes from
4G to 5G. This frequency width, this scenario, width of the frequency will become
larger. The data of the same area, if you want to send data of the same area, in
the past you had to spend more time, but now you will be able to do this
instantaneously. Maybe if you can have five frequency larger, then you will be
able to do it at one-fifth of the time to send the data.

In 6G, the bandwidth of frequency will be larger, and the time needed to transfer

the data will be shorter. As Professor Matti said earlier in his presentation, we will
be able to realize the low latency, the ultralow latency in the 6G. Now, as the
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simultaneous multiple connections, how we can do this is the direction of the radio
wave will be controlled. In 4G, you can see that the radio wave has been sent to
the whole area, but in 5G, we will use beamforming technology to have the same
level of energy and narrow down the transfer in a beam so that you do not have
to worry about the interference.

For example, if my mobile and Professor Matti's mobile are separated by
beamforming, they do not interfere with each other. Therefore, we will be able to
send data independently. Then, we will be able to do this even if they are far apart.
We use a technology called “"Massive MIMO” to do a lot of this beamforming. This
is the simultaneous multiple connections. In 6G, we need to do this even more.

This slide looks at Japan's Beyond 5G direction or strategy. We are trying to use
terahertz value for ultrahigh speed and large capacity, and for the ultralow, one-
tenth of the latency than the 5G, and then the multiple number of simultaneous
connections, 10 times more than 5G. This is a very clear goal. The three things:
ultrahigh speed and large capacity, ultralow latency, and massive simultaneous
connection. Furthermore, ultralow power consumption, ultra-safety and reliability,
as well as autonomous and scalability, these are the goals that we have put
together. These are all technical goals.

This is something that we discussed in 2018-2019 with the Ministry of Internal
Affairs and Communications, but I am not really satisfied with this now because it
does not really talk about the value. This is the technology goals, but it does not
really touch upon what we can achieve through these technologies. What I am
saying now is that information and communication is becoming a social
infrastructure that supports human beings' activities.

There have been large-scale failures, especially among the telecom providers. 1
am not blaming them. I am actually looking at them in a very positive manner
because all of our social economic activities are relying on the telecommunications.
If it was just about the phone calls, it was not a big problem, but we were not able
to communicate for a few days and it had a big impact on the society. In some
cases, it has impact on sustaining people's lives, as you may remember.

For example, the tourism vessel in Shiretoko was not able to communicate and a
lot of people's lives were lost. Therefore, you can see that the value that we have
to seek should be based on the understanding that this ICT communication is
becoming a lifeline for the society.

If you look closely from 5G to Beyond 5G, I believe that the ICT should work as a
social infrastructure, that is clear. With control plane, or the control part of the
ICT infrastructure, there is a lot of failures in this area because the architecture of
the ICT is not strong enough, and we need to make it robust as soon as possible.

The second point is something that was said upon earlier. The terrestrial ICT
infrastructure sometimes may not be available, so it is important to come up with
alternative system using air and space. Another one is the ultra-super intelligence
networking because there is something that limits to what humans can do. There
was a case, an accident where several hundred million yen of loss was incurred.
Therefore, we need to make use of the Al and machine learning to prevent these
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accidents from happening in advance. Put plainly, we do need to make more
investments into R&D.

As Professor Matti said, "Can Japan be able to do this alone?" We need to work
with other countries. We are working with many countries, and we started to
partner with Finland. We had this partnership with Finland for 6G FLAGSHIP as
well as 6G IA, and also Next G and PAWR as well. We have a lot of MOUs with the
different countries.

It was touched upon earlier, the Prime Minister of Finland visited Japan this May,
and that was a time when Russia was making aggressive invasions into Ukraine.
Prime Minister said that they have the strong wish to work with Japan for 5G,
Beyond 5G and 6G. This is Mr. Fujii, the President, and then he said that both
countries have to work together in this area.

This is myself and Professor Matti as well. We had panel discussions here. The
panel members were made up of experts. On the Finnish side, we had Professor
Matti and the CEO of NOKIA who have been leading the way in this area; and on
Japan side, we had Mr. Gonokami, chairman of Beyond 5G Promotion Consortium,
Mr. Tokuda, vice chairman of the Consortium and also Mr. Maruyama, vice
president of NTT DoCoMo was attending.

The conclusion, which you can look at it from the University of Tokyo webpage is
that there is a necessity for a mission-critical infrastructure for information and
communication, and it has to be robust and secure. These were the basic points.
Also, there is a need for a green revolution, so information technology, or this is
supposed to be a lifeline.

Recently, The Ministry of Internal Affairs and Communications has come up with a
list of things that should be the focus of research and development. At the
Information and Communications Council, we are looking at the All-Photonics
Network and also a secure and virtual integrated network. For all areas, we have
been working on these, but also including the non-terrestrial network, these three
will be very important. My personal view is that it has to be stable and secure and
has to cover 100% the whole nation. The cell coverage has to be 100%. This has
to be a dynamic network if it is to become our lifeline.

I have looked at the direction in which Japan should go to, but the All-Photonics
Network, NTT is promoting this very strongly, and this is a slide taken from NTT,
but using the photonics network, a large volume and low latency, low energy
consumption network, so Innovative Optical and Wireless Network, IOWN, so
optical network will be key.

Why is it important?

For example, as part of the lifeline, remote surgery could be given as an example.
Just the other day, well, on the 18th, until I saw it directly, I thought that remote
surgery was still a dream. But this is a hinotori, a remote surgery robot, and it
uses the All-Photonic Network. The operation could be done from a distance of
120 kilometers away with just 1 millisecond delay. Actually, doctors are using this
to provide remote surgery. This is not radio. This is an optical network. I tried it
myself. I think there was just a 5-millimeter rubber band. I pinched it and tried
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to remove it. I used left hand and right hand. With my left hand, I was able to
do that task, but not with my right hand.

Trying this out, I understand that such an operation carried out from a distance of
120 kilometers without delay is really something. The wire reach is 120 kilometers.
These fibers were used, and it is just one fiber. The latency is just 1 millisecond.
Low latency, I think you can understand, but for surgery, the low jitter is also very
important because picking up a rubber band is one thing, but if you are to do a
surgery, if you want to pinch something and there is a jitter, it means that you will
not be able to pinpoint the place that you are supposed to work on.

If the jitter is stable and the delay is also stable, then you will be able to do the
surgery. However, in order to have low jitter, the network should be configured
with a single path. I will not be able to go into detail, but with our internet right
now, it is not just one path. There are areas where the path is, you have to have
relays in between, but for this one, 120 kilometers, the routers here are very smart.
Even if you have a blackout, the path of the light is still connected. With these
technologies, we may be able to have remote surgery becoming true. Already for
very small surgeries, these are being done. These are mission-critical use cases.
For example, to maintain life and other areas where mistakes and failures are
unacceptable, we need to have a mission critical.

In relation to Mount Fuji, disaster prevention and mitigation, if somebody gets lost
along the pathway and needs medical attention, or also for manufacturing as well.
You need to have safe, secure, high availability, low latency guarantee, and
bandwidth guarantee. This will be necessary for a lifeline network.

Now, Takezawa-san has explained about the Fujisan area DX, the safe and secure
tourist information system, but what we are trying to realize is establishing lifeline
in the Fujisan district.

Saito-san also explained earlier, but in 2022, 160,000 people went up the
mountain. Before COVID, there were about 200,000 or 300,000 people climbing
up the mountain. I also went up to the 5th Station, but of course 5G was
unavailable. There is an area where you can use 4G; but the radio waves are sent
from the bottom of the mountain, therefore, it is not really stable. With Yoshimoto-
san, on our way home, we were saying that the radio wave was very weak. If you
get lost without any communication method, it will make the person really
desperate.

But can we set up a 5G network? Business-wise, it is not going to pay because in
the wintertime there are no people climbing up the mountain. If you want to
establish 5G up on the mountain, the Ministry will have to get involved and give
an order. Maybe we can set up a private network or local network.

Now, I believe, if you are familiar with Mount Fuji, you will know this, but let us
take a look at the Yoshida Route up to Mount Fuji.

There are four different routes to go up the mountain, and MFRI is quite close to
the Yoshida Route. The route is different going up and coming down, but the
Yoshida Route has the most number of climbers, about 50,000 or more during the
year. There are infirmaries, but there are routes without any infirmaries. I will
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not be able to provide any material, but there is no optical fiber cable close to
Yoshida Route and expansion of CCTV for disaster prevention is desired. Electricity
power and also information communication networks are very weak in this area.
It is very difficult to feel safe and connected as you go up the mountain. Of course,
we have a lot of earthquakes. At MFRI, we are looking at seismic activities on a
real-time basis.

Now, from MFRI up to the 5th Station, we have been having this idea of installing
an optical cable route. This is the Subaru Line and it stretches for 24.5 kilometers.
We tried thinking about a shortcut route here. However, the slope is quite tough.
The route looks like this.

There is another Prefectural Route 701, Google showed this, and this one is 12.2
kilometers. It is not that much of a winding road. Maybe we will be able to
establish a fiber cable route along this line. Of course, this is not just for
Yamanashi Prefecture. The Ministry of the Environment, Agency for Cultural Affairs,
and other stakeholders will have to be involved. But from a technical viewpoint,
it may be reasonable to have it here. I consulted Professor Matti: how can we get
a fiber cable established here?

From the rooftop for MFRI, we are looking up the mountain and there is a mountain
road here along the dotted line. Then, you have the Sato Hut as well as the 6th
Station, so where can we place the fiber cable?

Or maybe we can have an exclusive radio wave up to 5th Station. However, if the
trees get taller, the radio wave may not go through. We tried a Fixed Wire Access
along the trail. 1 Gbps, gigabits per second, well, it was a test route, so it has
already gone, but it was affected by weather as well as trees because the radio
wave may be absorbed by the tree leaves moisture and therefore this would not
work as a lifeline, so we need a wired optical cable.

In this demonstration, from 5th to 6th Station, we left the fiber cables. If we can
get the cable from MFRI, maybe we can reach up to the 5th Station or maybe take
it to the 7th Station, and then we can set up Local 5G base stations and create a
lifeline network. Right now, how to take it up to the 5th Station from the Mount
Fuji Research Institute is the key right now.

In Finland, with Professor Matti, we have heard that this is a technology that is
being used. I think it was from around 2015. The road asphalt was cut with a
micro cutter to create a very narrow ditch, and it works at a very high speed, you
can see. But this little ditch is being cut along the road and under that you place
the fiber cables.

It is quite a scary looking equipment. It has a rotating cutter. Maybe we cannot
use it along the Subaru Line, but maybe we can use it along the Prefectural Road
so that we can lay the optical fiber and power cables.

Democratization of information and communication. Areas which may not pay as
a business, however where these networks are necessary as a lifeling, I believe, if
the public understands that there is a necessity, we might be able to provide a
network. The reason why we are working on Mount Fuji is because Mount Fuji, of
course, is the symbol of Japan. It has become a world heritage site and hundreds
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of thousands of people will go up the mountain. However, it is very weak when it
comes to communication and the communication business does not pay even if
you have a system up there.

But if we have local 5G, for example, if Yamanashi Prefecture establishes that and
if the university can help in that, there may be a very big social value in this. The
local 5G, I have been saying that this is democratization, and the Ministry started
to utilize the word democratization of radio wave use. It is not just the
telecommunication carriers, but local governments or universities can create local
networks. I think Professor Matti also talked about local 5G or 6G networks.

This is what Takezawa-san has shown you beforehand. But if you can look at this,
it says NakaolLab Local Mobile. Well, of course there is no company like this, but
it says here NakaolLab Local Mobile. This is Local 5G. We can create our own 5G
network even if we are not a telecommunication carrier and it can install this local
5G network.

This is very powerful. Utilizing this tool effectively, we will be able to build the
lifeline on Mount Fuji. This is the video of stone rolling down. There will be many
more of these events. But if we have sufficient communication, we will be able to
monitor constantly, and at the same time, we can apply analytics. Climbers are
subject to possible incident or accident. Who are not heavily equipped, we can
actually send alert to some of these climbers.

When it comes to democratization of communication, Professor Matti and I have
often talked about local 5G, how important that is, but there is the evolution from
5G to 6G. But at the same time, we would like to add more values when we shift
from local 5G to local 6G.

The common specification should be part of future 6G. As we evolve from local
5G to local 6G, there are several action items set up, and we have been able to
solve some of these, such as low telecommunication or low satellite local 5G
communication. These two are such that are relevant to Mount Fuji disaster
mitigation.

For example, starting with low power consumption. There is no water or electric
power on Mount Fuji, so we have to rely on power cell. We need the base station
that will run by a battery for about 8 hours or so, and we came up with the
equipment to enable that.

The other one is satellite communication local 5G connection on land. What it
means is, if you cannot install fibers, you would look for solutions from the sky.
Utilizing satellite communication, you can connect the local 5G to satellite
communication. As a back haul satellite, you can utilize satellite. We have
conducted the experiment with SKY Perfect JSAT and JRC. The radio will be
provided by local 5G. Beyond basic base station for internet connection, we can
rely on satellite communication.

This is not about Mount Fuji, but the University of Tokyo and the European

colleagues, utilizing this concept, we conducted the experiment. We actually made
a press release.
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Another thing is something that Professor Matti already talked about. This is
Starlink backhaul usage. Throughout Japan, as of November, satellite
communication is available. We conducted the evaluation and verification at the
University of Tokyo. Downlink speed is 248 megabits per second. Uplink, 19
megabit per seconds. Delay is 40 to 60 milliseconds, which is sufficiently fast.
Using satellite communication, 10-20 Mbps was the max, and we have been able
to actually upgrade the speed by one digit. With 6G, if you look for a solution in
the sky, we will be able to enhance the communication speed.

I would like to share with you the words that I like very much. When I was
speaking to the high school students, I told this story. This is about the 'pie in the
sky'. This is often having the negative connotation. When I was young, I was told
by many. When I was starting to do something new, a lot of people around me
told me what you were doing is simply a 'pie in the sky'. But I think this is a
positive thing to do. Unless you envision something that you want to realize, you
would never be able to start. This will be the starting point. When all the people
say this is unrealistic, you may want to envision something that is so great, so
bold, and I think that is what is needed today.

We have so many projects we are involved. As you can see, what is indicated by
red color, that is one of our pies in the sky. That is to try to cover 100% nationwide
coverage by LEO, Low Earth Orbit communication.

I would like to introduce this. In terms of the technical direction, this will be for
seamless connection as well as scalability. Although I did not mention early on,
when it comes to satellites, there are different types of satellites. Conventionally,
we have used geo-stations at the height of 36,000 kilometers. It has high delay
of about 500 milliseconds. It is far away, so it takes time. In order to lower
latency, we now have LEO, Low Earth Orbit. Starlink, the project we are involved
with, is one of those. The altitude is a few hundred to 2,000 kilometers. If it is
600 kilometers, 20 milliseconds is the average delay.

Then, this is not exactly satellite, this is HAPS, High-Altitude Platform
Communication at the height of 20 kilometers. If we want to reduce the delay
latency, you want to have these things fly at lower altitude. Even during the
earthquake, we will be able to rely on this communication.

But the problem is the coverage. As you can see, this is HAPS. This is LEO, bigger
circle, and geostationary satellite can cover a whole country. That is the coverage.
There are differences in coverage. What communication should we use, where,
and what combination we should use are the important questions.

LEO claimed to have high coverage, so we are starting to have this joint research
with Rakuten Mobile. This is IoT sensors, for example, to be able to detect where
people are. When they have GPS, we can save them by identifying where they
are. But this requires communication, so GPS information will be communicated
by this service.

Starlink is not available for this service because in order for us to utilize Starlink,
we have to have a large antenna called the dish. Attaching sensors to a dish is
not realistic. What we are thinking is to use our cell phones that are directly
connected to satellite. Why do we use a dish? Because radio waves that are
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emitted by our mobile phones, our devices, are very weak. In order to amplify
them, we need a large antenna.

These weak signals, for satellite to be able to capture these signals, what cannot
we do? We have to add a large antenna on the satellite. BlueWalker is a good
example. This has wings. These are antennas placed in LEO. From terrestrial LTE
devices, there will be signals and they will be captured. We have a feeder link
sending communication down to a gateway on the land utilizing 4G technology.
But eventually, we will be able to use 5G with this configuration.

What will be the size of antenna that we need?

As you can see in these pictures, we need a large antenna. This is low-earth orbit,
so it circulates around the globe. The actual size of the antenna is this. You can
actually play a basketball game. 20 meters by 20 meters is the size of the antenna.
The other day, this is not the antenna that I am talking about now, but 8 meters
by 8 meters test satellite BlueWalker 3 was launched on September 10th. A very
recent launch that succeeded.

In the early part of this week, on the 14th of this month, wings were successfully
opened. The antenna, you cannot simply place this antenna on top of the rocket
because of the air resistance. You need to really fold them into a compact size for
the launch and they will be reopened up in the space. Whether they can unfold is
the very first challenge, but we did succeed in making them open format and then
we are ready to conduct experiments. Everyone thought the communication was
impossible. They thought this was a 'pie in the sky', but if we could enable
communication, your cell phone will be a communication module that can connect
directly to the satellite.

There are many technical challenges, as a matter of fact. Things on the LEO move
very fast. Geostationary satellites are far away, and it stops at a certain location.
But if you come down to low-earth orbit, these satellites move very fast, so there
will be a Doppler shift. We do not have to understand a difficult formula, but
because of this there will be a large delay, so we need to compensate that delay.
This is where we have expertise. We are focusing on this. We can solve all of
these challenges. A 'pie in the sky' will be the real pie that you can eat.

Where can this communication be utilized? Where we are trying to apply it is to
the primary industry at the local community development. For example, in
Hiroshima, we have the IoT Program. If we succeed, maybe that outcome can be
applied to sensing in Mount Fuji.

Since we are running short of our time, I would like to try to summarize my
presentation.

I have some proposals for Mount Fuji DX. We are building information and
communication infrastructure which a lot of people depend on this as social
infrastructure. In order for us to continue our social and economic activities,
information and telecommunication importance is now reconfirmed. We believe
and it is necessary to have social infrastructure evolve. During the COVID-19, we
still need to continue on with the social and economic activities, and we have to
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invigorate the local economy and make sure there will be sufficient disaster
prevention in Mount Fuji.

Especially Mount Fuji, which is a world heritage, as Professor Matti participated
today, we have to have international cooperation. We need to apply global
perspective to reinforcing our disaster prevention and mitigation systems. That is
where DX can contribute.

This concludes my presentation. Thank you for listening.

Nobuko KAMETANI
Thank you very much, Professor Nakao.

Are there any questions from the audience? We still have some time left, so if
there are any things that you would like to note?

Professor Akihiro Nakao
Well, I just want to say that we hope that we can work together going forward
because we would like to do a lot of different experiments.

Nobuko KAMETANI
Thank you very much, Professor Nakao.

Mitsuhiro YOSHIMOTO

Today, our theme was the Mountain Tourism. Mount Fuji, as Saito-san said, now,
we do have some information around Mount Fuji. What we heard from Professor
Matti and Professor Nakao is that in mountains, there are no 4G or 5G, and there
are a lot of accidents. Sometimes people are lost, but I think this could provide
some kind of solutions or a clue.

In Japan, there are a lot of volcanos. In mountains, the care is not really intent
on building networks. Therefore, other mountains or regions are facing similar
issues as Mount Fuji. Those issues are also there for national parks. Therefore,
local network using satellite could be built going forward. That was very
encouraging to hear. We would like to make further efforts to provide information
around disaster prevention and other things.

Thank you very much.
Nobuko KAMETANI
That concluded all our presentations for today. I would like to appreciate all the

presenters for today.

Now, as closing remarks, we would like to have Professor Toshitsugu Fujii, Director
of MFRI.
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[ Closing Remarks ]

Toshitsugu FUJII (Director, MFRI)

Toshitsugu FUJII
I would like to first thank all the presenters and lecturers.

Today's title was 'Fujisan DX - Mountain Tourism and Next Generation
Communication Technology'.

We heard about Mount Fuji as a tourism asset or as a world heritage and how we
can better manage those tour visitors, and how we can protect those visitors
coming to Mount Fuji, from volcano eruption. We also heard about
telecommunication challenges around Mount Fuji. We also heard about local 5G
experiment that has been conducted which could be used to solve the issues raised
earlier.

For local 5G to be used on a daily basis, there are a lot of challenges. We need to
resolve the issue of power and optical fiber, being able to take them to on top of
the mountain as well. That is the real challenges.

Professor Matti and Professor Nakao talked about Beyond 5G and 6G, the initiatives
around Beyond 5G and 6G. What really struck me is drawing a 'pie in the sky',
which is something that Professor Nakao said in the end and come up with ways
to eat those pie. That is what he said that he is working on which really moved
me.

When it comes to disaster prevention around volcanos, people say that we need
to use the trusted old technologies. I do not mean to really defend myself, but
using mature technology to solve issues, of course these are important, but we
also need to make efforts to bring in new technologies. We do not have to be
professionals of those expert technology. We can work with the experts in that
field to eat the 'pie in the sky'. Therefore, today's symposium was very
informational.

We talked about how we manage the visitors to the mountains and how to protect
them from the accidents. I think we were able to get a lot of insights. I really
think that today's symposium was a great success for our institute. I think we
were able to have a peek into the future.

I would like to close my remarks with by saying thank you to all of you.
Nobuko KAMETANI

Thank you very much, Professor Fujii. That concludes all the programs for today's
symposium. Thank you very much for attending today's program.

93



W IR L LR 22 TR BT 28 B R

C-01-2023

(AR I LRV AR T EBR S AR U T A 2022
— & Ll DX~ [LEFDE &kt ~— #®EE

2023 &4 3 A FAT

(e - 64T
LB LR R FT

T403-0005 [LIALRE 35 H T L A 5RLRE 55971
TEL : 0555-72-6211
FAX : 0555-72-6204
http://www.mfri.pref.yamanashi.jp/



http://www.mfri.pref.yamanashi.jp/




REMTIRRE

/. 3 SyoR
i & COMBIECE. WRORKBIHLHBERSATLETOT,
FHEBEE - KERLEOLE /T TONET,

FSC® C131518




	本文
	
	山梨県富士山科学研究所国際シンポジウム2022
	「富士山地域DX～山岳観光と次世代通信～」
	【開会の挨拶】
	入倉 由紀子（山梨県知事政策局DX推進グループ DX推進監）


	
	【Opening Remarks】
	Yukiko IRIKURA (Director of DX promotion group, Yamanashi Prefecture)

	
	【 Briefing 】
	Ryo HONDA (Senior Researcher at Volcanic Disaster Research Center, MFRI)

	1_1_2_ Issues on Tourism in National Park_Akane SAITO.pdf
	Akane SAITO (Officer of Fujigoko Conservation Office, Ministry of Environment)

	1_2_2_ Issues on Volcano Disaster Prevention at Mt. Fuji_Mitsuhiro YOSHIMOTO.pdf
	Mitsuhiro YOSHIMOTO (Director of Volcanic Disaster Research Center, MFRI)

	1_3_2_ Issues after the Communication Experiments in Mt. Fuji_Hiroshi TAKEZAWA.pdf
	Hiroshi TAKEZAWA (Project Senior Specialist at Department of Systems Innovation, School of Engineering, The University of Tokyo)

	1_4_2_ 5G and Beyond Networks Serving Society”_Matti LATVA-AHO.pdf
	Matti LATVA-AHO (Professor at Faculty of Technology, The University of Oulu, Finland)

	
	藤井 敏嗣（山梨県富士山科学研究所 所長）

	
	【 2022.11.20_国際シンポジウム「富士山地域DX～山岳観光と次世代通信～」_英語_2.mp3
	[Japanese] 00:00:00
	Talk 4) “5G and Beyond Networks Serving Society”
	Matti LATVA-AHO (Professor at Faculty of Technology, The University of Oulu, Finland)
	“5G and Beyond Networks Serving Society”
	Matti LATVA-AHO
	Good afternoon, ladies and gentlemen.  It is a great pleasure to be here at Mount Fuji.  It has always been my dream to see Mount Fuji from near distance, and yesterday, the weather was so good that we were able to see it from the 5th Station.
	We have also one sacred mountain in Finland.  It is called Mountain Saana.  It is far up in Lapland.  It is, of course, much smaller than Fuji, but it is a sacred mountain, where the local people are living there, and we call them Lappish people.
	Although it is a city 200 kilometers south from Arctic Circle, located by the sea, in Northern Finland, we have some attractions as well.  We have very active Northern lights, and they are very much visible exactly at this time of the year when the ni...
	Also, we Finns believe that Santa Claus is coming from Arctic Circle.  There is a city called Rovaniemi, where he lives.  These famous characters, Moomin characters, actually it is a Finnish character, and we have a theme park in Southern Finland wher...
	Oulu is also going to be European culture capital in year 2026, but every August, we organize Air Guitar World Championships, and twice this Japanese lady, Nanami Nagura, has won the World Championship title.  You can try to find some videos from YouT...
	I am representing 6G Flagship from the University of Oulu.  This is the world's first biggest 6G program.  We started on 1st of May 2018.  This is a four-plus four years' long program, and we are now a little bit over halfway of it.  It is operated at...
	One thing we importantly did in the early phases of flagship is we carried out with international expert group of specialists from over 30 countries, and there were 250 people altogether.  We chaired this white paperwork.  I am going to explain you a ...
	In our research, we want to address not just technology and wireless communications research challenges, but we find extremely important to address also regulative issues, future business models-related challenges, but most importantly also sustainabi...
	In our research, we are looking at four major, what we call, strategic research areas.
	First of all, wireless connectivity, how these wireless systems should be developed, built?  What kind of technologies we should use in various different conditions?
	Second, we are looking also at how can we implement these in cost and energy-efficient manners?  Device and circuit technology research is gaining more and more importance as the time is going on.
	Third, there is a lot of even some hype in our research area in globally utilizing artificial intelligence-inspired machine learning algorithms in various ways in wireless systems and networks, and also future applications.  But despite of this small ...
	Then, the fourth area is related to future applications and services.  In order to study those, we have been developing 5G test network since 2015.  We are now determined to take it towards a 6G era, and we will equip that 5G test network facility wit...
	At this point of this strategic research areas, we have selected four major, what we call, strategic vertical areas as our study objects, where we want to develop future solutions for.  These all are of national priorities: health, industry, vehicular...
	Global collaboration for us is very important.  Japan is one of our prime collaborators.  This May, our Prime Minister Sanna Marin visited Japan, and I had the privilege to be part of that delegation.  With the help and assistance of Professor Akihiro...
	When we look a little bit back, there has always been what you can call a Killer application to really speed up the popularity of different mobile generations.  There is new mobile generation every 10 years, and when we started from 1G and when we wen...
	That is past and still partly current.
	5G has made a big promise to connect lots of different things around us, different sensors, different objects, different machines, robots, cars, different processes in logistics to be wirelessly connected to internet.  But this is still mainly a big p...
	When we look at what possibly could come next, 6G, we have to change a little bit the thinking.  So far, we have been always after higher and higher data rates only.  For example, current 5G mobile broadband is a good example of that.  We should think...
	The United Nations Sustainability Development Goals is a good example of commonly accurate goals to which direction the world should go.  On this left-hand side, I would say that these are kind of soft target, soft values that we hardboiled.  Wireless...
	Technology enablers are many that are happening now.  Wireless connectivity is one.  Robotics is an important area that is developing very fast.  Automating all kinds of processes.  Is it automated driving or is it automated factories, or whatever it ...
	The fourth area is that what was set as a target for 5G especially was to greatly improve the productivity of vertical applications.  If you analyze very carefully, industrial productivity has not improved that much during the past 20, 30 years, which...
	When we are developing new wireless technologies, we researchers and engineers, we talk about Key Performance Indicators, KPIs.  They are related to data rates.  They are related to latency or delay.  They can be related to positioning accuracy, energ...
	For example, digital inclusion, inclusion of all players in the society in defining the requirements for 6G is a good example.  We do not know well enough what are the types of applications and system requirements coming from those of various sectors ...
	Secondly, I think we have to be more transparent.  There are lots of issues to be still resolved.  For example, in data privacy related to various AI algorithms usage in large scale.  How can we really make sure that personal information is never leak...
	These days, there is a lot of discussion on what is called O-RAN or OpenRAN.  It means basically open source everything.  This is a trend happening maybe not as fast as key players like operators would hope, but it is definitely happening in the futur...
	These are just some examples about these KVIs, and like I said, these are not easy at all to quantify.
	I do not remember exactly when this Society 5.0 concept was launched in Japan, but I have seen this maybe already in 2015 or so, and I liked it from the very beginning.  This is a nice way to describe what are the societal targets and in which sectors...
	Also, they have defined who are the stakeholders who we need to consider when we want to make this future digital society reality.  We have to take onboard everybody.  This is no longer a show of mobile operators, for example, alone, as it has been in...
	Personally, I believe, and we in our flagship program we believe that we have to have very close look at the future-critical vertical application areas.  We have to understand those far better.  There are hundreds, if not thousands, of different verti...
	Maybe we are coming to an era where this "one technical solution fitting all problems" thinking is no longer the right way to go.  Maybe we have to be able to customize solutions far more than in previous generations.  We are still in research phase i...
	But what is 6G and why we need it?
	I think the target is massive automation of society.  This has different names, like digitalization.  Definitely, in order to make it happen this future society vision possible, we need more than 5G can currently and in the near future offer.  5G real...
	In 6G, we have been hearing these different visions of metaverse, and it has, of course, many different meanings, but really, we are merging physical, digital, and biological world.
	What does it mean?
	Biological world meaning, for example, our bodies.  Physical world means, for example, the built infrastructure around human beings.  Digital world is, for example, these digital twins that we can build to model very accurately different things and ph...
	Also, 6G requires more radical transformations compared to 5G.  First of all, we have to try to push wireless transmission capabilities to the limits.  An example of that is that currently in research community, we study really extreme radio-technolog...
	Thirdly, I would like to point out that we need new ways of building, operating the networks and how we serve customers.  Are they humans or machines?  How we most efficiently develop applications for those?  We need new ways of thinking.  Too many th...
	If you think about this future metaverse or smart city, there are so many different processes that potentially can be connected to this huge future digital society or smart city.  Again, these different segments represent very different application ne...
	One smaller version of this smart city is Smart Campus, and this is one of the possible collaboration areas that I have been discussing with the University of Tokyo with Professor Nakao.  Hopefully, we can carry out some demonstrations in the future w...
	Now, looking at what has happened during the past few years.  The research community has presented various different target values already for where 6G should try to aim at.
	Peak data rates per sale, so per pay station.  The numbers between 100 gigabit and up to 1 terabit have been discussed and shown.  Concerning the radio latency or delay, 0.1 millisecond has been presented.  Battery lifetimes of 20 years.  Huge number ...
	Currently, we mainly utilize GPS positioning, but it does not work indoors.  Maybe some autonomous objects moving require much more accurate positioning capabilities in the future.  This is not a suggestion on what 6G should target at, but just a coll...
	One more view, another view to 6G is that what is it.  It is not only anymore just transmitting bits.  It is not only mobile broadband.  It is going to be a framework of various different types of services, including communication service.  One exampl...
	We could sense or build 3D image of our surroundings.  We could also include very accurate positioning to that.  We could, for example, develop new senses to see around the corner in the city.  If we have these collaborative sensing capabilities in th...
	Future networks will be extremely intelligent, and the intelligence will be brought very close to actual end users.  Right now, we rely too much on what is called centralized cloud servers.  Somewhere far away, all data is transmitted, and then really...
	But in a mobile network, the environment is highly, highly dynamic, and we do not have time to transmit bits first to the cloud server and then getting something processed back.  We have to carry out all the intelligent processing very close where the...
	We now compare what these visions that we think 6G could be to the promises that 5G was making almost 10 years ago.  This is a short listing of 5G targets that the European Union was defining back in 2013 for 5G research and development.  On the left-...
	If we look at, for example here, in 2015, so soon after this EU set these general targets, International Telecommunications Union, which is an organization under United Nations, which has been defining the development of telecommunications sector for ...
	I would like to point out two things that seem to be failing badly for the time being at least.
	100% coverage, coverages everywhere, meaning that no matter where the users or applications are, they can be connected.  We are definitely not there.
	90% reduction in network energy usage.  I think it is just the opposite.  I think we were able to increase it by 90% more.  Maybe not so much, but that is a big failure also.  Our hunch is that maybe for 6G requirements, this energy efficiency issue w...
	These 6G requirements, which will be called IMT-2030, they will be defined during the next 2 to 3 years.  I am not sure if the exact date is yet out or declared, but that is going to happen soon.  After that, I think we know exactly what are the techn...
	One of the important things related to developing future mobile technologies is related to radio spectrum.  Without allocation of new radio spectrum, there most likely will not be a new mobile generation at all.  Radio spectrum is heavily utilized and...
	Now, when 5G development started, we were focusing heavily on what is called millimeter wave technologies going to 30 gigahertz and even above that, where lots of unused bandwidth is available.  When we allocate more bandwidth to mobile systems, we ca...
	Now, when we move to higher spectrum bands, and these spectrum licenses are typically given countrywide.  When we go to these higher spectrum bands, the spectrum licensing countrywide does not make any more sense.  Because the radio signals will not p...
	This is our thinking that when discussing about this local 5G, in the future local 6G, especially this high spectrum band area is the most promising for it because operators might be accepting appearance of these at high spectrum bands only.  Also, it...
	This is what we are currently thinking jointly with Professor Nakao, to consider how millimeter waves could be used for these local 5G, local 6G concepts.
	This is one example of a concept we developed back in 2015 for the local operators.  We called it at that time micro-operator concept, where it is very local player and can be focusing on very special services.  But the difference compared to current ...
	In that way, for example, if Mount Fuji 5th Station would like to establish a local network in the future, it is definitely of interest of this area to allow any operator customers to access the services of that local network when they go to the area.
	One more specific challenge is related to remote areas connectivity challenge.  In the world, there are several billion people still who have no internet connectivity.  Often, these people, they live in remote and poor areas.  We have to understand th...
	The solutions that should be addressed to them should be affordable, meaning that they should not be too expensive.  They would be happy to have sufficient service level.  They do not need the latest terabit per second data rates in the future, but ev...
	Maybe this is something also for challenging areas.  In developed societies, if communication infrastructure is very difficult to arrange in such areas, maybe we should think about organizing, let us say, some basic services only for such areas withou...
	For example, listening to these earlier speakers, that disaster recovery situations, we do not need necessarily the very high data rates.  We need to alert people.  We need to secure them coming back down safely.  Different types of services would be ...
	For these remote areas' connectivity challenges, they are mainly non-technical in our opinion.  There are lots of things that can be done in today's technology, but with special requirements.  Like, very often, they do not have energy sources, so we h...
	I forgot to mention example of Finland.  In Lapland, the area from Arctic Circle and above, the population density is only two persons per square kilometer.  What is the incentive of operator to build expensive 5G/6G networks to such an area where onl...
	In remote areas, this is something that researchers are currently considering everywhere, I would say.  We talk about 3D networks to complement these terrestrial mobile networks built to the ground.  Of course, satellite connectivity is there.  Then, ...
	But now, also these UAVs, drones can be utilized in many different occasions.  For example, if you have a regular flight path for drone collecting, for example, sensor data information several times per day or week just to collect the data from the se...
	Now, I think I went through these different corners of our research agenda.  Besides technology research, which I did not talk about today at all, regulative issues are very important.  The academics, at least we have to try to challenge current regul...
	Then, these future businesses are related to these regulative changes that what is allowed, what is possible, what makes sense in the future.  These local network concepts can open a lot of new business opportunities for new players who are willing to...
	A good example is, for example, Elon Musk and Starlink.  He decided to invest billions and billions and billions to build satellite network, and now, Nakao-sensei can enjoy Starlink using these which is an experiment here.  We should keep in mind that...
	For the sustainability reasons, I think we have to also not think only about the money.  I think we have to be more democratic towards offering everybody, at least basic level of services, no matter where and which part of the world they are living in...
	If you are interested in finding out more of the details on these various aspects, I recommend you to go and download these white papers that we have been publishing.  There are lots of more information available.
	Also, if you want to follow our magazine series, the next 6G Waves magazine will be published in a couple of weeks' time.  There some stories about our research achievements are explained.
	Also, we are actively organizing international events.  Jointly with European Commission, we organize every June EuCNC 6G summit in some part of the Europe.  It is always the chairman country, European Union, during that time, and next June, the chair...
	Thank you for your attention and thank you for inviting me here.
	[Japanese] 00:43:13
	Nobuko KAMETANI
	If you have any questions, we would like to take some questions.  If there is no question, we would like to move on to the next presentation.
	Professor Latva-aho, thank you very much.
	The next presentation is given by Professor Akihiro Nakao at Department of Systems Innovation, School of Engineering at The University of Tokyo, titled Summary and Suggestion for Mount Fuji DX.
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	“Summary and Suggestion for Mt. Fuji DX”
	Professor Akihiro Nakao
	Hello, ladies and gentlemen.  I am Nakao.  I would like to talk about the Summary and Suggestion for Mount Fuji DX.
	I belong to the University of Tokyo at the Engineering Department.  Beyond 5G, Professor Matti said it is 6G, but it is referred to beyond 5G in Japan.  There is this Beyond 5G Promotion Consortium in Japan, looking at the generations beyond 5G, and t...
	Now, first, I would like to quickly go through the history of the evolution of the ICT.  As you can see, every 10 years, our mobile telecommunication has been evolving.
	In 2030, we will be going to Beyond 5G or 6G.  We are starting to think about the ICT for 2030 and beyond.
	In 2025, we are looking at the performance requirements.  Next year, at the ITU-R, we will be talking about the performance requirements for 6G.  After that, we will be talking about the international standardization.  Before 2030, there will be a lot...
	You believe that deployment of 5G is still in process, so 6G should be something far away.  But among engineers and researchers in this industry, we have this understanding that we need to be very quick in our action.
	Now, let me quickly recap what 5G is.
	Peak data bandwidth is 20 Gbps.  Then, the user perceived speed is 100 mega bps, which is often referred to as the large volume trans-communication.  Then, the low latency of 1 millisecond in the wireless communication section.  For the wired communic...
	This is the slide that I use in my lecture to explain what radio waves are about.  Professor Matti said the word subterahertz.  Radio waves is under ITU, which is the UN suborganization.
	In Japan, it is defined as electromagnetic waves of 3 terahertz or less.  When it comes to 5G, it is in this area of micro milli-waves, or the microwaves.  But when it comes to millimeter waves, we are using 3 gigahertz.  As it becomes high frequency,...
	Under 6 gigahertz, it is very congested which means that we are not able to have wide bandwidth.  Therefore, naturally, we need to move towards a high frequency and the innovation is required.
	When it comes to 5G frequency allocation, this is conducted by the Ministry of Internal Affairs and Communications.  You can see that it is much higher than 4G, for 3.7 gigahertz and 4.5 gigahertz, as well as 28 gigahertz.  You can see the dotted line...
	As you go up the frequency, you can have a greater spectrum or a bandwidth.  That is what this allocation means.  In the 28 gigahertz, it is quite sparse because it is very difficult to use, as I mentioned earlier.  But unless we use this area, we can...
	I am surely not necessarily an expert on radio waves, so let me quickly explain what happened as we shifted from 4G to 5G and why we were able to realize large volume and low latency.
	As mentioned, 4G is very easy to use.  They are using the low bandwidth, low frequency.  The bandwidth, when it becomes bigger, the data transfer amount will become larger, and in the high frequency, that is a wide broadband.  If you go up the frequen...
	In the broadband, there is OFDM.  We use OFDM to cut them into pieces to make use of them.  This is the multiplex system.  OFDM, you cut them into pieces to make use of it.  But the more you have these pieces, the data transfer capability will become ...
	That is what we mean by a large volume.  We are able to make use of broadband at a high frequency, and in 6G, we will be able to use more of the extra frequency band.  But in the high frequency, using OFDM, it is difficult to multiplex using OFDM.  Th...
	Now, why were we able to achieve low latency?
	This is closely related to the bandwidth, each of this width, when it becomes from 4G to 5G.  This frequency width, this scenario, width of the frequency will become larger.  The data of the same area, if you want to send data of the same area, in the...
	In 6G, the bandwidth that becomes will be larger, and the time needed to transfer the data will be shorter.  As Professor Matti said earlier in his presentation, we will be able to realize the low latency, the ultralow latency in the 6G.  Now, as the ...
	For example, my mobile and Professor Matti's mobile, we can connect through beam.  There is no interference, therefore, we will be able to send data independently.  Then, we will be able to do this even if they are far apart.  We use this technology t...
	This slide looks at Japan's Beyond 5G direction or strategy.  We are trying to use terahertz value for ultrahigh speed and large capacity, and for the ultralow, one-tenth of the latency than the 5G, and then the multiple number of simultaneous connect...
	This is something that we discussed in 2018-2019 with the Ministry of Internal Affairs and Communications, but I am not really satisfied with this now because it does not really talk about the value.  This is the technology goals, but it does not real...
	There have been large-scale failures, especially among the telecom providers.  I am not blaming them.  I am actually looking at them in a very positive manner because all of our social economic activities are relying on the telecommunications.  If it ...
	For example, the tourism vessel in Shiretoko was not able to communicate and a lot of people's lives were lost.  Therefore, you can see that the value that we have to seek should be based on the understanding that this ICT communication is becoming a ...
	If you look closely from 5G to Beyond 5G, I believe that the ICT should work as a social infrastructure, that is clear.  With control plane, or the control part of the ICT infrastructure, there is a lot of failures in this area because the architectur...
	The second point is something that was said upon earlier.  The terrestrial ICT infrastructure sometimes may not be available, so it is important to come up with alternative system using air and space.  Another one is the ultra-super intelligence netwo...
	As Professor Matti said, "Can Japan be able to do this alone?"  We need to work with other countries.  We are working with many countries, and we started to partner with Finland in 2016.  We had this partnership with Finland for 5G as well as 6G IA, a...
	It was touched upon earlier, the Prime Minister of Finland visited Japan this May, and that was a time when Russia was making aggressive invasions into Ukraine.  Prime Minister said that they have the strong wish to work with Japan for 5G, Beyond 5G a...
	This is myself and Professor Matti as well.  We had panel discussions here.  The panel members were made up of experts.  On the Finnish side, we had Professor Matti and the CEO of Nokia who have been leading the way in this area; and on Japan side, we...
	This is the conclusion.  You can look at it from the University of Tokyo webpage.  The conclusion was that there is a necessity for a mission-critical infrastructure for information and communication, and it has to be robust and secure.  These were th...
	Recently, the Ministry of Communication has come up with a list of things that should be the focus of research and development.  At the Information and Telecommunication Council, we are looking at the All-Photonics Network and also a secure and virtua...
	I have looked at the direction in which Japan should go to, but the All-Photonics Network, NTT is promoting this very strongly, and this is a slide taken from NTT, but using the photonics network, a large volume and low latency, low energy consumption...
	Why is it important?
	For example, as part of the lifeline, remote surgery could be given as an example.  Just the other day, well, on the 18th, until I saw it directly, I thought that remote surgery was still a dream.  But this is a hinotori, a remote surgery robot, and i...
	Trying this out, I understand that such an operation carried out from a distance of 120 kilometers without delay is really something.  The wire reach is 120 kilometers.  These fibers were used, and it is just one fiber.  The latency is just 1 millisec...
	If the jitter is stable and the delay is also stable, then you will be able to do the surgery.  However, in order to have load jitter, I will not be able to go into detail, but with our internet right now, it is not just one path.  There are areas whe...
	In relation to Mount Fuji, reduction of disasters and prevention of disasters, if somebody gets lost along the pathway and needs medical attention, or also for manufacturing as well, you need to have safe, secure, and high availability.  You have to b...
	Now, Takeda-san has explained about the Fujisan area DX, the safe and secure tourist information system, but what we are trying to realize is establishing lifeline in the Fujisan district.
	Saito-san also explained earlier, but in 2022, 160,000 people went up the mountain.  Before COVID, there were about 200,000 or 300,000 people climbing up the mountain.  I also went up to the 5th Station, but of course 5G was unavailable.  There is an ...
	But can we set up a 5G network?  Business-wise, it is not going to pay because in the wintertime there are no people climbing up the mountain.  If you want to establish 5G up on the mountain, the Ministry will have to get involved and give an order.  ...
	Now, I believe, if you are familiar with Mount Fuji, you will know this, but let us take a look at the Yoshida Route up to Mount Fuji.
	There are four different routes to go up the mountain, and MFRI is quite close to the Yoshida Route.  The route is different going up and coming down, but the Yoshida Route has the most number of climbers, about 50,000 or more during the year.  There ...
	Now, from MFRI up to the 5th Station, we have been having this idea of having an optical cable route.  It stretches for 24.5 kilometers.  This is the Subaru Line.  We tried thinking about a shortcut route here.  However, the slope is quite tough.  The...
	There is another Prefectural Route 707, Google showed this, but this one is 12.2 kilometers.  It is not that much of a winding road.  Maybe we will be able to establish a fiber cable route along this line.  Of course, this is not just for Yamanashi Pr...
	From the rooftop for MFRI, we are looking up the mountain and there is a mountain road here along the dotted line.  Then, you have the Sato Hut as well as the 6th Station, so where can we place the fiber cable?
	Or maybe we can have an exclusive radio wave up to 5th Station.  However, if the trees get taller, the radio wave may not go through.  We tried a fixed wire access along the trail.  1 Gbps, gigabits per second, well, it was a test route, so it has alr...
	In this demonstration, from 5th to 6th Station, we left the fiber cables.  If we can get the cable from MFRI, maybe we can reach up to the 5th Station or maybe take it to the 7th Station, and then we can have Local 5G base stations and create a lifeli...
	In Finland, with Professor Matti, we have heard that this is a technology that is being used.  I think it was from around 2015.  The road asphalt was cut with a micro cutter to create a very narrow ditch, and it works at a very high speed, you can see...
	It is quite a scary looking equipment.  It has a rotating cutter.  Maybe we cannot use it along the Subaru Line, but maybe we can use it along the Prefectural Road so that we can lay the optical fiber and power cables.
	Democratization of information and communication.  Areas which may not pay as a business, however where these networks are necessary as a lifeline, I believe, if the public understands that there is a necessity, we might be able to provide a network. ...
	But if we have local 5G, for example, if Yamanashi Prefecture establishes that and if the university can help in that, there may be a very big social value in this.  The local 5G, I have been saying that this is democratization, and the Ministry start...
	This is what Takeda-san has shown you beforehand.  But if you can look at this, NakaoLab Local Mobile.  Well, of course there is no company like this, but it says here NakaoLab Local Mobile.  This is Local 5G.  We can create our own 5G network even if...
	This is very powerful.  Utilizing this tool effectively, we will be able to build the lifeline on Mount Fuji.  This is for ballistic.  This is the video of stone rolling down.  There will be many more of these events.  But if we have sufficient commun...
	When it comes to democratization of communication, Matti and I have often talked about local 5G, how important that is, but there is the evolution from 5G to 6G.  But at the same time, we would like to add more values when we shift from local 5G to lo...
	The third common specification should be part of future 6G.  As we evolve from local 5G to local 6G, there are several action items set up, and we have been able to solve some of these, such as low telecommunication or low satellite local 5G communica...
	For example, starting with low power consumption.  There is no water, so we have to rely on power cell.  We need the base station that will run by a battery for about 8 hours or so, and we came up with the equipment to enable that.
	The other one is satellite communication local 5G connection on land.  What it means is, if you cannot install fibers, you would look for solutions from the sky.  Utilizing satellite communication, you can connect the local 5G to satellite communicati...
	This is not about Mount Fuji, but the University of Tokyo and the European colleagues, utilizing this concept, we conducted the experiment.  We actually made a press release.
	Another thing is something that Matti already talked about.  This is Starlink backhaul usage.  Throughout Japan, as of November, satellite communication is available.  We conducted the evaluation and verification at the University of Tokyo.  Downlink ...
	I would like to share with you the words that I like very much.  When I was speaking to the high school students, I told this story.  This is about the 'pie in the sky'.  This is often having the negative connotation.  When I was young, I was told by ...
	There are multiple projects.  We have so many projects we are involved.  As you can see, what is indicated by red color, that is one of our pies in the sky.  That is to try to cover 100% nationwide coverage by LEO, Low Earth Orbit communication.
	I would like to introduce this.  In terms of the technical direction, this will be for seamless connection as well as scalability.  Although I did not mention early on, when it comes to satellites, there are different types of satellites.  Conventiona...
	Then, this is not exactly satellite, this is HAPS, High-Altitude Platform Communication at the height of 20 kilometers.  If we want to reduce the delay latency, you want to have these things fly at lower altitude.  Even during the earthquake, we will ...
	But the problem is the coverage.  As you can see, this is HAPS.  This is LEO, bigger circle, and geostationary satellite can cover a whole country.  That is the coverage.  There are differences in coverage.  What communication should we use, where, an...
	LEO claimed to have high coverage, so we are starting to have this joint research with Rakuten Mobile.  This is IoT sensors, for example, to be able to detect where people are.  When they have GPS, we can save them by identifying where they are.  But ...
	Starlink is not available for this service because in order for us to utilize Starlink, we have to have a large antenna called the dish.  Attaching sensors to a dish is not realistic.  What we are thinking is to use our cell phones that are directly c...
	These weak signals, for satellite to be able to capture these signals, what cannot we do?  We have to add a large antenna on the satellite.  BlueWalker is a good example.  This has wings.  These are antennas placed in LEO.  From terrestrial LTE device...
	What will be the size of antenna that we need?
	As you can see in these pictures, we need a large antenna.  This is low-earth orbit, so it circulates around the globe.  The actual size of the antenna is this.  You can actually play a basketball game.  20 meters by 20 meters is the size of the anten...
	In the early part of this week, on the 14th of this month, wings were successfully opened.  The antenna, you cannot simply place this antenna on top of the robot because of the air resistance.  You need to really fold them into a compact size for the ...
	There are many technical challenges, as a matter of fact.  Things on the LEO move very fast.  Geostationary satellites are far away, and it stops at a certain location.  But if you come down to low-earth orbit, these satellites move very fast, so ther...
	Where is this communication?  Where is it?  Can it be utilized?  Where we are trying to apply it is to the primary industry at the local community.  For example, in Hiroshima, we have the IoT Program.  If we succeed, maybe that outcome can be applied ...
	Since we are running short of our time, I would like to try to summarize my presentation.
	I have some recommendations for Mount Fuji DX.  We are building information infrastructure.  A lot of people depend on this as social infrastructure.  In order for us to continue our social and economic activities, information and telecommunication im...
	Especially Mount Fuji, which is a world heritage, as Matti participated today, we have to have international cooperation.  We need to apply global perspective to reinforcing our disaster prevention and mitigation systems.  That is where DX can contrib...
	This concludes my presentation.  Thank you for listening.
	Nobuko KAMETANI
	Thank you very much, Professor Nakao.
	Are there any questions from the audience?  We still have some time left, so if there are any things that you would like to note?
	Well, I just want to say that we hope that we can work together going forward because we would like to do a lot of different experiments.  Thank you very much, Professor Nakao.
	Today, our theme was the Mountain Tourism.  Mount Fuji, as Saito-san said, now, we do have some information about Mount Fuji.  What we heard from Professor Matti and Professor Nakao is that in mountains, there are no 4G or 5G, and there are a lot of a...
	In Japan, there are a lot of volcanos.  In mountains, the care is not really intent on building networks.  Therefore, other mountains or regions are facing similar issues as Mount Fuji.  Those issues are also there for national parks.  Therefore, loca...
	Thank you very much.
	That concluded all our presentations for today.  I would like to appreciate all the presenters for today.
	Now, as closing remarks, we would like to have Mr. Toshitsugu Fujii, President of MFRI.
	Closing Remarks 】:
	Toshitsugu FUJII (Director, MFRI)





