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1.   Introduction

I will introduce the “Road to IOWN,” NTT’s initia-
tives to implement the Innovative Optical and Wire-
less Network (IOWN). Before that, however, I’d like 
to mention that NTT’s tender offer for shares of NTT 
DOCOMO, aimed at making NTT DOCOMO a 
wholly owned subsidiary of NTT, was successfully 
completed on November 16, 2020, acquiring approx-
imately 91% of NTT DOCOMO’s shares. The pur-
pose of this tender offer is to strengthen and grow 
NTT DOCOMO so that it can compete with GAFA 
(Google, Amazon, Facebook, and Apple) and other 
over-the-top players amid intensifying domestic and 
borderless competition. However, this is a rather 
reactive approach. By taking a proactive approach, 
we want to strengthen NTT DOCOMO in a manner 
that leads to the growth and development of the entire 
NTT Group (Fig. 1).

1.1   History of pandemics and hegemony
Let me shift the viewpoint a little. In 1602, Matteo 

Ricci, an Italian Jesuit missionary, published a world 
map in China, called the “Kunyu Wanguo Quantu,” 
which was introduced to Japan in the years after the 
Battle of Sekigahara in 1600. If we zoom in on this 
map, we can see four large islands drawn in the cen-

ter, so we can see that Japan had already been recog-
nized at that time. In other words, it is clear that from 
this era that Japan should recognize its role in the 
global structure.

Now, as we bear the third wave of novel-coronavi-
rus infection, let’s take a historical look at how 
humanity has dealt with pandemics (Fig. 2). The era 
when Japan was clearly depicted on the Jesuit map I 
just mentioned is debated as the time before the Span-
ish Empire dominated the world or was in the process 
of dominating. Before that era was the Islamic caliph-
ates, which were preceded by the Mongol Empire. 
The Mongol and Spanish Empires had histories of 
taking hegemony in the wake of the plague and small-
pox, respectively. During the Reformation, Holland 
gained prominence, and people moved from Spain in 
large numbers, shifting the world economic center to 
Holland.

In the 18th century, the technological innovation of 
the Industrial Revolution gave Britain hegemony. At 
that time, cholera spread from Asia to Europe and the 
United States. After that, the Spanish Flu raged for a 
couple of years from the end of World War I. Some 
people say that the Spanish Flu ended WWI; never-
theless, economic decline followed, and the United 
States emerged as the global power. We should bear 
this perspective in mind while carefully considering 
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what kind of world is waiting for us beyond the cur-
rent coronavirus pandemic.

1.2   Japan’s technology trade balance
The Ministry of Internal Affairs and Communica-

tions of Japan has been compiling data on a technol-
ogy trade balance for nearly 20 years (Fig. 3). The 
technology trade balance concerns export and import 
values for patents, knowledge, and other forms of 
technology transfers. Comparing exports and imports 
in this manner reveals that industry in Japan as a 
whole has a positive trade balance. In particular, I 
think that a positive trade balance is proof that Japa-
nese technology, particularly related to automobiles 
and precision machinery, is used worldwide. On the 
contrary, Japanese technology has a negative trade 
balance in terms of information and communications. 

It might be better to say that it has always been nega-
tive. In other words, Japanese information and com-
munication technology (ICT) companies purchase 
overseas technology and use it for their business in 
Japan. In 2014, a journalist said, “Few technolo-
gies—and products and services based on them—
originate in Japan. The Japanese information technol-
ogy (IT) industry, which does not contribute to the 
world at all, has no value as an industry; only an ‘IT 
utilization industry’ exists in Japan.” Being person-
ally shocked by that comment, I thought that we 
should strive to make our next technology a game 
changer. 

1.3   Post-coronavirus social trends
Next, I’ll talk about the current novel coronavirus 

pandemic. Although the novel coronavirus is still 
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spreading rampantly, I’d like to take a look at trends 
in the so-called post-coronavirus society. 

There are two trends, the first is the remote world, 
in other words, a decentralized society. Although 
various discussions will probably carry on into the 
future, I think that the remote world is indispensable 
for achieving Japan’s carbon neutrality by 2050. It is 
necessary to ensure social distancing and simultane-
ously revitalize economic activities. In response to 
this need, the NTT Group has launched the new ser-
vice brand called remote world. We want to provide a 
new environment that goes beyond face-to-face com-
munication for remote working, medicine, and 
sports/entertainment viewing. 

The other trend is new glocalism. Globalism is still 
a necessary element; however, I believe that we also 
need localism that respects the culture of Japanese 
people and the different cultures of each region while 
recognizing diversity. Therefore, new glocalism 
requires a paraconsistent approach. 

The other day, when I was talking with the former 
President of Kyoto University Juichi Yamagiwa and 
Professor Yasuo Deguchi of Kyoto University, I was 
asked, “Do you know what is not included in the 17 
Sustainable Development Goals (SDGs) set by the 
United Nations?”

The answer that I should have given is “culture” 
because culture is basically rooted locally and the 17 
SDGs are universal global targets. I think of glocal-
ism as a concept through which we achieve the over-
all goals after understanding and accepting local 
cultures, without excluding any. I believe we should 
seek a society that recognizes the quality of life of 
each individual, rather than trying to control every-
thing according to one way of thinking or uniform 
consciousness. 

Looking toward the post-coronavirus society from 
the perspective of economy, security, and country, I 
first think supply chains with reliable people must be 
established; second, IT must be used to accelerate 
digital transformation (DX) and build connected 
value chains. Third, energy independence must be 
ensured, and in accordance with that need, the NTT 
Group is promoting the use of green electricity 
(Fig. 4). We plan to increase the proportional use of 
renewable energy to 30% by 2030. In recognition of 
these actions, we have obtained certification by the 
Science Based Targets initiative (SBTi). However, the 
promotion of ICT is the base of our contribution to 
achieving energy independence; for example, carbon-
dioxide emissions is estimated to be cut by about 
70% by the adoption of teleworking. In other words, 

Fig. 3.   Technology trade balance.
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it is important to create a remote world and build con-
nected value chains.

In July 2020, thinking that ICT could help create 
innovative energy technologies, we established NTT 
Space Environment and Energy Laboratories. We are 
also collaborating with the International Thermonu-
clear Experimental Reactor (ITER), which is being 
constructed in cooperation with seven countries and 
regions, and the National Institutes for Quantum and 
Radiological Science and Technology (QST) of 
Japan. To manage plasma while controlling nuclear 
fusion in a very short time, it is necessary to devise 
computing and communication methods for transmit-
ting a massive amount (petabytes) of information to 
various places with ultralow delay. The ITER is 
scheduled for “first plasma” in 2025, and research 
and development (R&D) aimed at achieving that goal 
has begun.

2.   The Road to IOWN

Today’s main topic is IOWN, which is described 
with the keyword “game changer.” I’d like to start by 
introducing a message from Takashi Niino, President 
and CEO of NEC Corporation, which announced a 
capital and business alliance with NTT in June 2020.

2.1    Message from Takashi Niino, President and 
CEO of NEC Corporation

“Hello everyone. I’m Takashi Niino from NEC. 
First, I’d like to congratulate NTT on holding the 
NTT R&D Forum. As you all know, in June of this 
year, NEC and NTT entered into a capital and busi-
ness alliance for the purpose of R&D and global 

expansion of ICT products that use innovative optical 
wireless technology. Through this alliance, we aim to 
cooperate over a long period as equal partners that 
transcend the boundaries of operators and manufac-
turers. 

I’ll start by briefly explaining the purpose of this 
alliance. While promoting the spread of the Open 
Radio Access Network (O-RAN) Alliance specifica-
tions, we will develop base stations that are O-RAN 
compliant and internationally competitive and aim 
for the top share in the future global market. We will 
also develop a compact photonic integrated circuit 
with the world’s highest performance and low power 
consumption and information and communication 
equipment incorporating it and market that equip-
ment globally. What’s more, we will strive to develop 
innovative optical wireless devices that contribute to 
implementing IOWN as well as upgrading technolo-
gies related to, for example, submarine-cable sys-
tems, space communications, and security. As one of 
the world’s leading telecommunication operators 
promoting the introduction of advanced technology, 
NTT has industry-leading R&D and technological 
capabilities with regard to photonics and compact 
photonic integrated circuits.

In the meantime, NEC has a wealth of expertise in 
building communication infrastructure that ensures 
the quality and reliability required by operators as 
well as world-class advanced communication tech-
nologies and digital technologies such as artificial 
intelligence and security. I am convinced that by join-
ing hands with NTT, we can contribute to strengthen-
ing Japan’s industrial competitiveness and further 
ensuring the safety and reliability of communication 

Fig. 4.   Energy independence initiatives.
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infrastructure. So, President Sawada, let’s make this 
happen together. Thank you for giving me your kind 
attention today.” 

Thank you, President Niino. NEC and NTT plan to 
jointly develop a wireless access network compatible 
with O-RAN-compliant multimedia while preparing 
for the fusion of photonics and electronics, namely, 
IOWN.

2.2   Directions of NTT
NTT is heading in four directions, as shown in 

Fig. 5. The first direction is the provision of new ser-
vices suitable for the remote world. The second direc-
tion is how to promote DX while concentrating 
resources of the entire NTT Group. The starting line 
in that direction was the tender offer for shares of 
NTT DOCOMO. The third direction is the imple-
mentation of IOWN, which is today’s main topic. 
And the fourth direction is strengthening new busi-
nesses, including our global ones.

A contribution we will make to society is strength-
ening the international competitiveness of the Japa-
nese ICT industry. In particular, we’d like to lead the 
world in the advancement of information and com-
munications in new areas such as space and underwa-
ter. Improving national security is also worth men-
tioning. Besides cybersecurity, we are also discussing 
business continuity plans and countermeasures 
against disasters. We want to further develop and 
expand the ICT industry as a whole. 

Today, I’d like to introduce four distinctive tech-
nologies for achieving the third direction in which 
NTT is aiming for, namely, implementation of 
IOWN. Before that, I’d like to introduce a message 
from Akio Toyoda, President of Toyota Motor Corpo-
ration.

2.3    Message from Akio Toyoda, President of 
Toyota Motor Corporation

“Hello everyone. I’m Akio Toyoda. When we came 
up with the idea of the “Woven City,” I felt that it 
would never be possible without the help of NTT. I 
announced the Woven City concept at the Consumer 
Electronics Show held in Las Vegas in January of this 
year (2020), and soon after that, I went to see Presi-
dent Sawada. At that meeting, Mr. Sawada and I 
agreed that we want to make a human-centered city 
where people can live with peace of mind and live 
happy lives without being controlled and monitored 
through information. Since the two of us held a press 
conference last March, our work to create the Woven 
City has started. When I talked to the Toyota side, 
they said that NTT is more like a teacher than a part-
ner in creating smart cities. They said that, first, they 
put everything we both had on a table. They were 
amazed by what NTT put out: NTT came up with not 
just the communication, energy, and administrative 
relations that we had imagined but also the expertise 
necessary for people to live fulfilling lives, such as in 
medical care and entertainment. After all, we at Toyota 
alone cannot help people build fulfilling lives.

The phrase ‘new normal,’ which I had never heard 
before this initiative began, has become a more com-
mon word. Together with NTT, I want to continue to 
create a city where people can really be happy in the 
new normal. This cannot be accomplished by Toyota 
and NTT alone. It can be accomplished through the 
aspirations and technologies of many people. I am 
looking forward to our continued collaboration with 
NTT and thank you everyone for your kind atten-
tion.”

Thank you, President Toyoda.

2.4   Digital Twin Computing
The Woven City will be built in Higashifuji in 

Fig. 5.   Road to IOWN—NTT’s intended direction.
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Susono City, Shizuoka Prefecture; after that, smart 
cities will be promoted in Shinagawa Ward in Tokyo 
and cities around the world. In addition, the main 
focus of the collaboration is to create a platform of 
platforms that connects those cities, and the story of 
that collaboration leads to the development of Digital 
Twin Computing (Fig. 6). The idea behind Digital 
Twin Computing is forming another city in cyber-
space, making predictions and simulations for vari-
ous scenarios, and using these results to improve the 
lives of residents or ensure smooth operation of urban 
facilities in real space. Creating a positional starting 
point is important to enable the designing of future 
cities, optimal controlling of people and traffic flows, 
and smarter medical fields through Digital Twin 
Computing. The current two-dimensional (2D) maps 
should be converted into 3D, then, by adding a time 
axis, into 4D. To accumulate those 4D map data and 
integrate sensing data of people and objects with 
highly accurate position and time information to be 
used for future prediction, it is essential to develop a 
cross-industry infrastructure. We call this infrastruc-
ture the “4D digital platformTM” (Fig. 7). I’m thinking 
that this infrastructure will be used as the starting 
point for cyberspace or smart cities. We will start 
practical use of the 4D digital platform in 2021. 

Another use case of Digital Twin Computing that I 

should mention is a personal medical solution 
(Fig. 8). NTT is currently researching a Bio Digital 
Twin. By sensing biological information about the 
brain and heart and combining it with a prediction 
simulator and personal information such as physio-
logical and behavior information, the Bio Digital 
Twin will be useful for diagnosis and treatment in 
ultra-microscopic areas of the human body. Consid-
ering our ultimate goal should be to improve the qual-
ity of life of humankind as a whole, I’d like to discuss 
the development of Bio Digital Twin technology that 
will help humanity as a whole and social acceptabil-
ity.

2.5   All-Phonics Network
Next, I’ll talk about the All-Photonics Network. 

Global Internet protocol (IP) traffic is projected to 
increase 1.5 times in two years, and IT power con-
sumption is projected to increase 1.6 times in five 
years. Under such circumstances, NTT aims to intro-
duce all-optical technology into its communication 
infrastructure. Current optical access networks have a 
star topology, and lines are drawn from NTT build-
ings to customers one by one. We want to overlay 
multi-loop access networks over existing networks. 
This concept is a world first, and the key to it is a 
technology for freely branching optical fibers without 

Fig. 6.   Digital Twin Computing.
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interrupting communications. This technology is still 
being researched, but once we have implemented it, 
we will be able to create a reliable and adaptable 
access network (Fig. 9). 

I’d also like to introduce distributed ultra-reality 
viewing as a use case for the All-Photonics Network 

(Fig. 10). In the post-coronavirus society, many peo-
ple will watch sports from home without even enter-
ing a stadium. We want viewers to share a sense of 
presence with the stadium, through cheers and atmo-
sphere, in an interactive manner while conveying the 
performance of athletes to those viewers without 

Fig. 7.   4D digital platformTM.
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Fig. 8.   Personal medical solutions.
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delay.

2.6    Photonics-electronics convergence device/
disaggregated computing model

We are currently working on a prototype of a pho-
tonics-electronics convergence device that will be 
complete it in two years. The first step of this proto-

typing is to adopt an optical-electronic co-packaging 
as an input-output device for large-scale integrated 
circuits, which are the core elements of silicon pho-
tonics. The next step is to achieve inter-chip transmis-
sion by optical wiring. In the following step, intra-
chip transmission is achieved using optical elements. 
We plan to introduce a disaggregated computing 

Fig. 9.   Prospects for the All-Photonics Network.
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model—in place of the conventional physical-server 
(box)-oriented computing model—using that photon-
ics-electronics convergence chip to connect func-
tional modules such as central processing units, 
graphics processing units, and memory via light. 
Implementing this model requires an ultra-powerful 
white box and a new operating system.

2.7   Concept of IOWN
IOWN consists of the All-Photonics Network, 

Digital Twin Computing, and Cognitive Foundation® 
(Fig. 11). The huge amount of data involved in Digi-
tal Twin Computing and its 4D digital platform will 
be supported by using the end-to-end All-Photonics 
Network. What’s more, although core networks of 
mobile networks and fixed networks are currently 
separated, I think we will need to integrate them into 
one platform.

Our medical ICT strategy, including the personal 
medical solutions I mentioned above, is located in the 
domain of Digital Twin Computing. On the contrary, 
O-RAN/vRAN (virtualized radio access network) 
and associated devices are positioned on the infra-
structure side. We are pushing ahead with R&D under 
the assumption that the disaggregated computing 
model will support all these domains (Fig. 12).

2.8   IOWN space computing
Next, I’ll talk about space computing, namely, a 

space datacenter separated from the Earth’s energy 
systems (Fig. 13). For example, we are considering 
mounting computing resources on low-earth orbit 
satellites and connecting the satellites to form a dis-
tributed processing computing platform. Raw data 
are transmitted to the satellites using laser transmis-
sion, and the results of calculations and analysis are 
returned to Earth also using laser transmission. It has 
been decided that multiple-input multiple-output 
(MIMO) technology will be installed on satellites in 
a year and a half, so I think such technology can also 
be used for space computing.

2.9   IOWN roadmap
The roadmap for the implementation of IOWN is 

shown in Fig. 14. In 2020, the IOWN Global Forum 
was established. In 2021, use cases of the All-Photon-
ics Network will start to appear, so we will continue 
to study how to reflect the results of those use cases 
in our equipment. In addition, the first version of the 
4D digital platform will likely be released in 2021. In 
2022, we plan to announce the development of the 
photonics-electronics convergence digital signal pro-
cessor. We will also investigate the basic concepts 
and reference models of disaggregated computing. 

Fig. 11.   IOWN framework.
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Regarding NTT DOCOMO, we are aiming for a 
deployment rate of the 5G infrastructure of 97% in 
Japan by 2023. The migration from the public 
switched telephone network (PSTN) to IP telephony 
will be complete by 2025. Also, in 2025, the first 

plasma of ITER nuclear fusion will be carried out, 
and as “grand challenges” concerning Digital Twin 
Computing, we are planning crowd exploration of the 
future society, a communication-characteristic trans-
lation engine, and a simulation coupling the water 

Fig. 12.   Presumed information and communications structure in 2030.
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cycle and energy. Looking further into the future, we 
have set the goal of R&D on “Another Me” (namely, 
a coexistence alter-ego technology) for 2035 in con-
sideration of the considerable time it will need to 
develop it.

2.10    Toward further sustainable growth of soci-
ety

We want to make IOWN a game changer. With the 
IOWN elements of photonics-electronics-conversion 
devices, the All-Photonics Network, disaggregated-
computing model, and 4D digital platform, we want 
to promote various initiatives so that IOWN will 
bring about societal changes. We envision two major 
trends in the post-coronavirus society—the remote 
world and a new glocalism. By introducing IOWN in 
such a society as a game changer, we want to help 

make a more independent Japan while contributing to 
the world.

3.   Concluding remarks

Many people are accessing the NTT R&D Forum 
via the Internet. The concept of digital events will 
become more common in the future. Therefore, we 
prepared a website for sharing ideas in 3D about 
NTT’s vision of the world and its contribution to 
social issues it has targeted (Fig. 15). We want to 
make it a place for incubating technologies in a man-
ner that enables us to share information or just go 
there and enjoy it. NTT will move ahead with R&D 
and business activities to become a game changer to 
change the world for the better. Thank you for your 
continued support.

Fig. 14.   IOWN roadmap.
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Fig. 15.   3D spatial owned media “Door”.
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