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Growing into a company that can deepen and 
expand its business and contribute to society

—How do you approach business as senior executive 
vice president?

I would like NTT Communications to become a 
company that excites our employees, customers, and 
partners. We would like to use our technology to cre-
ate value and an exciting future for all stakeholders. 
We would like to grow into a company that can 
deepen and expand its business and contribute to 
society.

In July 2019, the overseas business unit of NTT 
Communications, Dimension Data, and NTT 
Security, were integrated to become NTT Ltd. While 
seamlessly collaborating with NTT Ltd. inside and 
outside Japan, NTT Communications has resolved to 
respond firmly to Japanese customers operating 
global business.

In Japan, under the circumstances embodied by the 
keywords data utilization, digitization, and data-
driven, the management and business of our custom-
ers have entered a period of major transformation, 
and digital transformation (DX) has been attracting 
attention. To respond to these trends with the concept 
called 3S (simple, smart, speedy) + S (secure), we 
reorganized the company in April 2020 to focus on an 
industry-specific solution-provision system and plat-
form-service provision system. I am supervising 
platform service, technological innovation, informa-
tion security, and DX areas.

—So, what is 3S + S?

The concept of 3S + S was created to accelerate 
efforts toward the actualization of a smart world, and 
it means delivering simpler and smarter services and 
solutions than other companies at the customers’ 
desired pace with more secureness. On the basis of 

Start with Yourself, Improve 
Together, and Contribute to Society

View from the Top

Hidemune Sugahara
Senior Executive Vice President,  
NTT Communications

Overview
Digital transformation is accelerating in a society that has changed dra-

matically due to the spread of the novel coronavirus. NTT Communica-
tions, which recently celebrated its 20th anniversary, has reorganized with 
the aim of providing a safe and secure platform for data utilization to cus-
tomers around the world. The company is striving to contribute to building 
a data-driven society on the basis of the concept called 3S (simple, smart, 
speedy) + S (secure) while developing technology and systems to imple-
ment the Innovative Optical and Wireless Network (IOWN). We asked 
Hidemune Sugahara, senior executive vice president of NTT Communica-
tions, about his enthusiasm and philosophy as a member of senior manage-
ment.
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this concept, we are developing our business as one 
team centered on the following four major organiza-
tions. 

At the Business Solutions Headquarters, we are 
aiming to create a smart world and support DX of our 
customers. In particular, through industry-specific 
consulting-type sales focused on the financial, public, 
manufacturing, distribution, and foreign-capital/
information-technology (IT)-service industries, we 
provide optimal solutions that match the needs of our 
customers’ business, industry, and society. We have 
set up the Smart World Promotion Office to envision 
a new world—focusing on data utilization—together 
with our customers and partners. We are working to 
solve social problems by using data from fields such 
as education and manufacturing. In fiscal 2020, we 
plan to start full-scale activities with a team of 200 
people and gradually expand into new fields. To be a 
true partner who is closest to the customer, the 
Business Solutions Headquarters is promoting col-
laboration with customers and other NTT Group 
companies with the aim of maximizing our capabili-
ties and expanding B2B2X (business-to-business-to-
X) business.

The Platform Services Headquarters will add more 
value to our core competencies of networks and data-
centers and will be responsible for developing and 
providing safe and secure services demanded by the 
digital society. We will continue to enhance func-
tions, such as data collection, connection, storage, 

and analysis, on our Smart Data Platform (SDPF). In 
particular, we are developing access network-related 
services such as the introduction of a zero-trust 
Secure Access Service Edge model and local fifth-
generation mobile communication networks (5G). 
Moreover, we plan to create a new service that offers 
network operations while strengthening security of 
IT and operational technology (OT) and to provide 
these as one-stop managed services. To develop ser-
vices from the perspective of user experience, it is 
important to have a mechanism to ensure the smart 
world and SDPF work in unison and to maintain a 
market-oriented mindset.

At the Innovation Center, we are creating new value 
and view of the world—based on technology—that 
are not bound by conventional business domains. The 
four divisions of technology, namely, strategy, man-
agement, technology, and design, are creating and 
promoting new business through open innovation 
with an eye toward the future, five to ten years from 
now. Gathering 200 people, including business plan-
ners, digital engineers, and designers as a center of 
excellence (CoE), the Innovation Center supports the 
above-mentioned Business Solutions Division and 
Platform Services Division for proposing and provid-
ing services to customers. The Innovation Center is 
also promoting open innovation to create a not-yet-
seen exciting future together with our partners and 
customers while providing a venue for fostering a 
co-creation community called C4BASE.
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The Digital Reform Promotion Department will 
provide customers with successful use cases regard-
ing our own DX and expertise in data-driven manage-
ment. The Innovation Center helps customers develop 
the data infrastructure, implement data-driven man-
agement through our CoE for data science and infor-
mation security, reform work styles, and improve 
operational efficiency and productivity. To create a 
smart world, DX must be promoted throughout soci-
ety. We believe that showcasing our DX efforts will 
help drive DX and eventually contribute to society. 
The spread of the novel coronavirus has changed 
society completely, and we are all trying to do our 
best to meet the expectations of the so-called new 
normal society.

Prepare an environment in which employees can 
do their best

—There is a great responsibility behind the phrase 
“Let’s do our best.” What are your thoughts on this 
phrase?

That’s a difficult question. It is easy to say, “Let’s 
do our best.” However, if I don’t do my best, I can 
hardly tell others to do their best. Even if a problem 
is difficult to solve from the standpoint of an employ-
ee, it might be possible to solve it from the standpoint 

of senior management, like myself. We, senior man-
agement, should do our best to prepare an environ-
ment in which employees can do their best. Last year, 
we celebrated the 20th anniversary of the company’s 
founding and took that opportunity to advocate “Start 
with yourself, improve together, and contribute to 
society.” I want to foster an organizational culture 
that ensures employees can do their best (take on 
challenges), regardless of their positions.

I also think we should support our customers to take 
on new challenges. To achieve this, both pioneering 
efforts and reading technological and societal trends 
are important; however, we must not be too pioneer-
ing nor focus too much on the support side. Although 
this balancing act is very difficult, we must maintain 
it. I’m sure we can do it.

In terms of pioneering efforts, researchers at NTT 
laboratories are conducting basic research and tech-
nological development. I would like them to make 
pioneering efforts while listening to the voices at the 
front lines to anticipate business trends. If cutting-
edge sales and cutting-edge researchers collaborate, 
we will have no rivals. 

I was involved in the satellite-communication busi-
ness in NTT and have a long-standing relationship 
with NTT laboratories, with whom I have worked on 
the development and launch of artificial satellites. I 
was also involved in the founding of NTT Resonant, 
at which time, I worked with about 200 people sec-
onded from NTT laboratories. With this experience, I 
understand how fortunate we are to be able to use the 
resources of the laboratories in our business. By shar-
ing the responsibility that was previously assigned to 
each laboratory, we support the commercialization of 
research results and deliver them to our customers so 
that researchers can focus on their research. I’d like 
them to make full use of their talents and create some-
thing new. Moreover, our employees assigned to the 
Innovation Center will probe the research results 
produced by researchers and set up systems to com-
mercialize them.

—You have high expectations for NTT laboratories, 
right?

We are grateful for NTT laboratories, which have 
everything from the world’s most-advanced basic 
research to its application and practical implementa-
tion. I think that contributing to society by using their 
research results and converting them into products 
and services is our way of responding to those bene-
fits. Going beyond that point, I think it is also 
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necessary to consider collaboration with customers at 
the research phase. To that end, I’d like to actively 
discuss such collaboration with the laboratories. Two 
of the key technologies that I have recently become 
interested in are cloud-based 5G and quantum cryp-
tography. Regarding technology being researched at 
NTT laboratories, we are interested in security tech-
nology required for data utilization, especially the 
zero trust model, and are working on such technology 
at the Innovation Center. 

Our efforts toward the implementation of the 
Innovative Optical and Wireless Network (IOWN) 
has also been underway, and we have created an 
IOWN-promotion project team at the Innovation 
Center to collaborate with NTT laboratories. In the 
project, we are focusing on implementing the All-
Photonics Network and overlay networking solutions 
at an early stage. We first expect to apply them to the 
network in our datacenters. Moreover, we want to 
collaborate with NTT laboratories to create a show-
case using IOWN technology at the NTT Musashino 
R&D Center in Tokyo. Considering the coming space 
era, we would like to explore space business in col-
laboration with NTT Space Environment and Energy 
Laboratories.

To implement Cognitive Foundation®, a key ele-
ment of IOWN, it is important to share technology 
and architecture within the NTT Group. This sharing 
will help us build a foundation for providing one-stop 
services to customers. IOWN is a good target for 

standardization, and I’d like to promote that standard-
ization in cooperation with NTT laboratories.

One step forward, one step ahead,  
one step outside

—Lastly, would you tell us what you have valued in 
your work?

“One step forward, one step ahead, one step out-
side” is my motto. The same phrase is true for indi-
viduals and organizations, and the world you see 
when you go one step forward, ahead, or outside will 
differ. When you experience that difference, different 
ideas and actions are born. However, sometimes that 
step is not taken or cannot be taken. That’s why I 
cherish this phrase. 

Looking back on making mistakes and misjudg-
ments, I should have taken a step forward. Such fail-
ure may cause problems for others and regret in 
myself. I sometimes think I was not prepared enough. 
Some of these problems can be beyond our control. It 
is necessary to read the trends in society; however, 
sometimes you can’t obtain satisfactory results even 
if you are fully prepared. That’s why I think it’s 
important to believe in yourself and take that step 
forward.

Even if you make a mistake, you can always learn 
from it. It is important to think about how to learn 
from the experience and better prepare for your next 



View from the Top

NTT Technical Review 5Vol. 18 No. 12 Dec. 2020

step. Regarding a recent inconvenience caused to our 
customers and other stakeholders due to unauthorized 
access, I regret that it occurred because we were con-
vinced that we had taken all possible measures. From 
investigating the cause to dealing with it, however, 
many issues concerning this incident were addressed 
by the considerable efforts of our employees, reaf-
firming their high skill level. Taking advantage of the 
lessons learned at that time, we would like to support 
our customers through our skilled employees—who 
are our assets—and grow into a company that excites 
our customers and partners. To that end, I want us to 
be an attractive company where employees can play 
an active and exciting role.

Interviewee profile
 Career highlights
Hidemune Sugahara joined Nippon Telegraph 

and Telephone Public Corporation (now NTT) in 
1987. He became senior vice president of NTT 
Communications in 2016, president & CEO of 
NTT Com Solutions in 2018, and executive vice 
president of NTT Communications in 2019. He 
has been in his current position since June 2020.
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Synthesis of novel materials and discovery of new 
properties through original and unique methods

—Dr. Yamamoto, please tell us about your current 
research activities.

My research theme is the design and creation of 
novel superconducting and magnetic materials 
through thin-film synthesis methods and explanation 
of their properties (Fig. 1) [1]. The ultimate goals of 
this research are to contribute to the (i) development 
of lossless power transmission/supply and wiring, (ii) 
further reduction in power consumption in devices, 
and (iii) shift to green-power generation and power 
storage. 

To be more specific, I am involved in creating novel 
materials not seen in the natural world by growing 
thin films with a thickness from 0.1 nm (atomic 

monolayer) to 1 μm on a base of a single crystal (a 
crystalized solid with regularly arranged atoms) 
called a substrate. I am also involved in accounting 
for various, and sometimes novel, properties emerg-
ing in such specimens. We use molecular beam epi-
taxy (MBE) for growing these thin films. With this 
method, we use ultrahigh-vacuum (UHV) chambers 
(having a vacuum of one ten-trillionth that of ambient 
pressure), in which each constituent element of the 
designated compound is supplied in the form of 
atoms or molecules to give rise to reaction on heated 
substrates leading to the formation of thin films [2].  

I believe that we are an extremely advanced 
research team on a global basis working on the cre-
ation of completely new compounds by using MBE. 
Specifically, we are conducting research on thin-film 
growth of oxides that contain two or more cations 
(complex oxides) by using a method called oxide 

Unexpected Experimental Results 
against Common Beliefs Bring 
Opportunities for New Discoveries

Front-line Researchers

Hideki Yamamoto
Senior Distinguished Researcher,  
NTT Basic Research Laboratories

Overview
Hideki Yamamoto, Senior Distinguished Researcher at NTT 

Basic Research Laboratories, and his co-researchers are creating 
novel materials nonexistent in the natural world and elucidating 
the property of such materials. They apply NTT’s unique and 
state-of-the-art apparatus and technologies to stack the elements 
making up a material through control of their reaction at the 
atomic and molecular levels. We asked Dr. Yamamoto about his 
current research activities and the mindset he adopts as a 
researcher.

Keywords: superconductor, magnetic material, thin-film synthesis, molecular beam epitaxy
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MBE. Our custom-made MBE apparatus sui generis 
(Fig. 2) has two key features. First, each atomic/
molecular flux of constituent cations can be supplied 
in a stable manner for a prolonged time by monitoring 
the flux rates of those elements in real time and feed-
ing the results back to the power supply of the evapo-
ration source. Second, it is capable of strong oxida-
tion in a vacuum by supplying oxygen gas, which 
typically exists as O2 (oxygen molecules), in the form 
of highly reactive atomic O (oxygen) or O3 (ozone) 
gas. By taking advantage of these features, we have 
been able to synthesize crystals not found in the natu-
ral world.

Using this apparatus, we have been involved for 
some time in creating new superconducting materials 
and elucidating their properties. In superconducting 
materials, electrical resistance becomes zero under 
certain conditions. In particular, superconductivity 
occurs at low temperatures below a critical tempera-
ture (superconducting transition temperature: Tc). In 
this state of zero electrical resistance, electricity 
flows with no power loss within the superconducting 
material. The highest Tc under ambient pressure (1 
atmosphere) is currently –140ºC, which is about 60ºC 
lower than the temperature at which dry ice sublimes 
from a solid (approximately –79ºC). However, there 
have recently been a series of reports on materials 
having a Tc of –70ºC or even –25ºC closer to room 
temperature while they can be stable only under ultra-
high pressures (approximately 2 million atmo-
spheres). These reports have led many researchers to 
believe that room-temperature superconductors must 

exist but simply have not yet been discovered and 
synthesized. A report on room-temperature supercon-
ductivity in a carbonaceous sulfur hydride, though 
under 2.7 million atmospheres, has just been pub-
lished (October 2020) [3]. It strongly suggests that 
room-temperature superconductivity is no longer an 
impossible dream.

We, of course, aim to synthesize and discover such 
materials, but as a prior step, we have been using the 
thin-film growth methods that I just mentioned to cre-
ate new superconducting materials having a variety of 
properties. Examples include the discovery of diverse 
phenomena such as induction of superconductivity in 
materials previously thought to be insulators and 
strain-induced increase in Tc. More recently, we have 
taken up the challenge of inducing superconductivity 
in an artificial structure (artificial superlattice) con-
sisting of alternating layers of the simplest building 
block of cuprate superconductors and oxides contain-
ing no copper (Cu); note that the cuprate supercon-
ductor family exhibit the highest Tc under ambient 
pressure. We are now only one step away from super-
conductivity in such artificial superlattices.

While known as a ferromagnetic metal and neither 
a new material nor superconductor, we most recently 
prepared the world’s highest quality SrRuO3 (Sr: 
strontium, Ru: ruthenium) thin film and observed the 
emergence of an exotic state called a magnetic Weyl 
semimetal* [4], the quest of which had so far been 

Fig. 1.   �Advantages of searching for and synthesizing new materials by using MBE—a method for growing high-quality thin 
films of known materials.

(1) Chemical reactions under low-reaction temperatures and non-equilibrium conditions

(2) Stabilization of metastable phases through epitaxy (mutual interaction with the underlying crystal substrate)

(3) Uniform oxidation in the case of oxides (strong oxidation possible through the use of O3 (ozone) and O)

(4) Impurity-free synthesizing environment (ultrahigh vacuum)

(5) High-throughput syntheses

(6) Resource-saving (usage of small amount of raw material)

(7) Specimens in the form of single-crystal thin films, highly compatible with future device fabrication

Reactions between ultimately small particles such as atoms, molecules, and ions

Tenuity and large surface area to volume ratio of specimens

*	 Magnetic Weyl semimetal: A special state that has only recently 
been found to occur in some magnetic materials. Weyl quasi-par-
ticles that emerge in this state behave as if they have no mass.
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Fig. 2.   Our MBE apparatus for fabricating complex-oxide thin films.

(a) Schematic diagram

(b) Photo of the MBE apparatus
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hampered due to difficulties in preparing high-quality 
specimens. This accomplishment shows the effec-
tiveness of our high-level thin-film growth technolo-
gy and measurement techniques for electrical proper-
ties under magnetic fields. In future research, we 
hope to conduct measurements with which the elec-
tronic state can be visualized so that the existence of 
this exotic state can be recognized at a glance.

—Your team is achieving world-class results based 
on an original method.

The creation of new substances and materials has 
helped to advance the natural sciences while simulta-
neously contributing to the development of high-
performance and highly functional devices and 
breakthroughs in device design. This is clearly shown 
by the discovery of superconductivity in ceramic 
materials (1987 Nobel Prize in Physics), discovery of 
fullerenes (molecules consisting of 60 carbon atoms 
in a soccer ball structure) (1996 Nobel Prize in Chem-
istry), fabrication of graphene (ultimately thin graph-
ite having a thickness of a single layer of atoms) 
(2010 Nobel Prize in Physics), and invention of blue 
light-emitting diodes using a nitride semiconductor 
(2014 Nobel Prize in Physics). There have also been 
a variety of proposals and initiatives, in which ele-
ments and compounds not previously used will be 
exploited, for overcoming the limits of miniaturiza-
tion (the limit of Moore’s law) in Si (silicon) inte-
grated circuits, the basis for modern electronics.

Against this background, we have been pursuing 
the creation of new materials using oxide MBE and 
successfully created not only superconducting mate-
rials but also new magnetic materials. A magnet is a 
substance whose magnetic property (ferromagne-
tism) weakens as the temperature increases until 
eventually disappearing at a certain temperature 
(Curie temperature). Accordingly, magnetic materials 
having higher Curie temperature allow for a magnet 
that can be operated at higher temperatures. With this 
in mind, we conducted a materials search, which has 
evolved into the synthesis and discovery of the new 
ferromagnetic material Sr3OsO6 (Os: osmium) [5]. 
This novel material exhibits the highest Curie tem-
perature (above 780°C) among insulating materials, 
smashing the record for the first time in 88 years. In 
addition, Sr3OsO6 is free from iron or cobalt unlike 
most magnetic materials in existence today, which 
blazes a new trail in the search for magnetic sub-
stances. Together with further new materials which, I 
believe, will be found along the guidelines obtained 

through the discovery of Sr3OsO6, applying these 
materials to magnetic/spintronic devices that can be 
operated stably above room temperature will become 
possible.

—Please tell us how you got started in your world-
class research.

In 1987, my former supervisor in this research field 
moved from Stanford University to NTT Basic 
Research Laboratories with the aspiration of contrib-
uting to both basic and applied research and founded 
this research unit. About six years later, I entered the 
laboratories and became involved in this research 
together with the supervisor and another senior col-
league forming a three-person team. At that time, 
technology for achieving a long-term and stable sup-
ply of cation fluxes in a vacuum chamber by provid-
ing feedback to the power supply source had not been 
seen outside of NTT Basic Research Laboratories. I 
found this to be astonishing, and at the same time, I 
intuitively felt that this was technology that I should 
focus on throughout my career. I was fascinated by 
the possibility of creating novel materials not existing 
in the world by using this technology. 

In 2004, I inherited this research from my former 
supervisor, and I have since been involved in this 
work for about 15 years. A variety of experiences 
have taken place during this time.

We have searched for and synthesized new materi-
als by using the unique thin-film growth techniques 
that have been cultivated and built up over many 
years at NTT. However, the manufacturer of the rate 
controller, which is indispensable for our technolo-
gies of high-precision control of the flux rate of each 
element making up a thin film by electron impact 
emission spectroscopy (EIES), discontinued the 
product in 2001. Consequently, thinking that it would 
be fatal to my research if this technology were to van-
ish, I consulted with my former supervisor and in the 
end formulated a specification and ordered a custom-
made product from a startup company in Silicon Val-
ley, USA. For about one year starting about three 
months after that order, I had the good fortune of 
researching at Stanford University for joint research, 
which allowed me to visit that company frequently 
during breaks in my research. Thanks to this state of 
affairs, I was able to personally participate in the 
completion of this custom-made product from the 
operation-verification stage of the first prototype 
(Fig. 3). This technology has further evolved over the 
15 years since the development of the prototype, and 



Front-line Researchers

NTT Technical Review 10Vol. 18 No. 12 Dec. 2020

looking at the way that it has supported our research 
is deeply moving for me.

When involved in research, there are tough years to 
contend with, but also exciting years when discover-
ies, even if small, occur one after another. My first 
thrilling experience occurred in my third year at NTT. 
I was able to interpret the experimental results from 
the research that I had taken up immediately after 
entering the company and to then publish my first 
paper on those results. My good fortune then contin-
ued with our discovery of the first new superconduc-
tor synthesized using the thin-film growth method 
and other achievements. Our research team was given 
a boost when my senior colleague received the Young 
Scientist Presentation Award of the Japan Society of 
Applied Physics in 1996 and I the same award the 
following year. On the other hand, I remember well 
how our supervisor at that time admonished us young 
researchers excited about our string of successes with 
the words “perform your experiments simply and 
honestly.” Experimental science is the process of 
understanding nature by changing experimental con-
ditions in a variety of ways to query nature on its laws 
and using the answers received. For this reason, the 
significance of the words “simply and honestly” spo-

ken by him sticks with me to this very day and at 
every turn. 

In subsequent years, more encouragement came my 
way by receiving the Superconductivity Science and 
Technology Award (2016) that I had privately longed 
for and by having the opportunity to publish a number 
of papers in leading journals. More recently, however, 
I am frequently called upon to submit scientific 
manuscripts as the last author (usually, the person in 
charge of those research projects), so it’s more a 
sense of relief than a feeling of joy when we’ve gotten 
a paper published. Within the laboratories, I some-
times hear young researchers talk about their tears of 
joy over getting a paper published, which I feel a bit 
envious about. I guess this is a clear sign of my age!

Setting big goals (high mountains to climb) and 
taking a safe and steady approach

—How have your views of things and role changed 
after becoming a senior distinguished researcher?

I am grateful for being put into a stable position that 
allows me to concentrate on my research. I believe I 
can take appropriate and legitimate risks for making 

Fig. 3.   Flux-rate control equipment using EIES (first prototype of custom-made product).
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breakthroughs and acquiring high returns by exploit-
ing this position. Taking risks is vital to achieving 
breakthroughs in basic research, especially in materi-
als research. However, there are many cases in which 
there is no other choice but to select research themes 
for which results and papers can be readily produced 
to secure the next positions of team members and win 
competitive research funding. The reality is that tak-
ing risks is not easy. I therefore want to make good 
use of my very favorable position and environment as 
an NTT senior distinguished researcher to pursue 
research that takes appropriate and legitimate risks.  

Among the 11 core technologies for making the 
NTT vision of the Innovative Optical and Wireless 
Network (IOWN) a reality, 6 are related in some form 
to materials research, so in this sense too, I feel the 
weight of responsibility. Although my theme of 
design and thin-film synthesis of novel superconduc-
tors and magnetic materials with elucidation of the 
underlying physics is not necessarily a mainstream 
one in IOWN, there are many examples in history of 
major breakthroughs coming out of non-mainstream 
research themes, and I have expectations in this 
regard.

I also feel that forming research teams that are 
diverse not only in gender, nationality, and language 
but also in expertise is important for achieving break-
throughs. It is easy to form and manage a research 
team whose members are in the same field of exper-
tise, but I think it’s difficult for such a team to make 
major breakthroughs. I think it’s great if a young 
researcher who joined a research team but with a dif-
ferent field of expertise occasionally thinks, “Why 
don’t my seniors know about this?” From a short-
term perspective, many points of difference can make 
things all the more difficult, but from a long-term 
perspective, the importance of such diversity will be 
felt. 

—Is there anything that you have kept in mind when 
searching for problems or themes to work on?

Since entering NTT Basic Research Laboratories 
after receiving my doctorate, setting big goals (high 
mountains to climb) and taking a safe and steady 
approach is something that I have always kept in 
mind. For example, the search for room-temperature 
superconductors included in my research theme is a 
high mountain to climb and an appropriate theme for 
a researcher in my present position. The search for 
artificial photosynthetic material on par with plants is 
likewise a high mountain to climb. However, when 

you’re young and have a dream, you might take on a 
significant challenge from the beginning, and I was 
the same way. This can lead to a situation of trying to 
push a massive rock with all one’s might and failing 
to move it even 1 mm. To avoid taking such an all-or-
nothing approach, it is advisable to achieve small 
milestones and write papers on those results as they 
happen. I learned this approach from my seniors at 
NTT Basic Research Laboratories.

Basic research does not go well if the theme is one 
that the researcher does not truly enjoy. It is not 
always a short run to the top of the mountain, and it is 
not unusual to have to take detours or pull back as 
needed. In such circumstances, it is important to 
adopt a mindset in which you never quit looking up at 
the top of the mountain. Good basic research can have 
a major impact on creating or changing a certain con-
cept. In this sense, an example of good basic research 
that I’m particularly proud of was our research of 
novel superconducting materials that we synthesized 
and discovered over about ten years from 2003. This 
research presented counterexamples to previously 
established superconductivity emergence conditions 
in cuprate superconductors. I felt disheartened when 
our paper was initially not accepted by academic 
journals, but at least the research was a thrilling expe-
rience. Although these materials were established as 
novel superconductors, a dispute as to whether our 
interpretation of the superconductivity-emergence 
mechanism is truly a counterexample to the estab-
lished theory is continuing. This is also a common 
occurrence in basic research, so I maintain a positive 
attitude.

Imagining one’s ideal research life given 
ample funding

—What would you like to say to junior researchers?

Materials informatics has recently appeared as the 
fourth paradigm of science after experimentation, 
theory, and computational science. At the same time, 
the accuracy of predicting the electronic structure 
within materials through theoretical computations 
has significantly improved. As a result, it has become 
possible to conduct materials search in a considerably 
more efficient manner than before and optimize thin-
film growth conditions. I would like junior research-
ers to use such efficient methods and avoid the 
detours that I took due to my own lack of ability. 
However, the reality is that there are still many things 
you won’t understand unless you actually conduct 
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experiments in materials science, so I would like 
junior researchers to keep in mind the following 
advice. 

Before doing anything else, construct a high-reli-
ability experimental system that can reproduce 
experimental results. Once you complete this to a 
reasonable extent, try conducting some experiments. 
It’s important to pursue experiments with good effi-
ciency, but it’s also important to try detours without 
emphasizing only short-distance runs. While the 
reproduction of results is a prerequisite in science, 
experimental results that differ from what was 
expected or from commonly accepted theory present 
a great opportunity. I believe that there’s a strong pos-
sibility of encountering an unknown or unexpected 
phenomenon through those experimental results. 
Moreover, experimental results thought to be a failure 
in the sense of achieving a certain goal, cannot alone 
be judged a failure. For example, while it would cer-
tainly be disappointing to fail in preparing a thin film 
with the target level of quality, it is not uncommon for 
some hints to be hidden in those experimental results. 

I sometimes ask young researchers, “What kind of 
research life would you like to lead and what kind of 
research would you like to pursue if your pay was 
enough to lead a worry-free life and you could receive 
ample funding for research?” The reply to the ques-
tion should be, “the research that I have a great desire 
to pursue.” In the long run, it would be better to pur-
sue a research theme determined in this manner.

As you know, originality is more important than 
anything else in basic research. On the other hand, a 
former supervisor of mine once told me that research 
on current technology is not something to detest as 
long as it concerns truly important technology. Avoid-
ing researching current technology and falling to a 
technological level at which you cannot even repro-
duce fascinating results that some other research 
groups have provided is worse than researching it. I 
believe that you have sound science if multiple top-
level research teams and institutions can reproduce 
good basic research results.

—Dr. Yamamoto, can you tell us about your future 
research topics?

Until several years ago, the elements that we used 
to grow thin films of complex oxides included transi-
tion metals on the relatively upper rows of the peri-
odic table such as Cu. Recently, however, we have 
expanded our target to transition metals such as Ru, 

Pd (palladium), and Os that belong to lower rows than 
that of Cu on the periodic table, which, for example, 
has led to the discovery of a material having mag-
netic properties up to the highest temperatures among 
insulators. Our next theme is to what extent we can 
systematically and strategically (but not haphazardly) 
expand our use of these transition metals. In addition, 
the discovery of materials that can exist stably only 
under ultrahigh pressures of 2 million atmospheres 
but make a superconducting transition at tempera-
tures closer to room temperature has been reported 
for hydrides, not oxides. Up to now, our target for 
growing thin films has been essentially limited to 
complex oxides, so how we should expand our target 
beyond oxides is also in my things-to-do list.

Tackling these issues is going to take some time—it 
is not something that can be completed within one’s 
own generation. Training up-and-coming researchers 
who will become the principal investigators of next-
generation research while continuing to produce 
research results is of prime importance. I feel the 
need for passing on knowledge as well as technical 
skills. This is necessary not only for our researchers 
but also for equipment and component manufacturers 
that support our research, so I think it would be 
worthwhile to develop some means of passing on 
technology on both sides.
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1.   Expanding global business

In November 2018, the global holding company 
NTT, Inc. was established under the NTT holding 
company’s umbrella, and NTT Communications, 
Dimension Data, NTT DATA, NTT Security, and 
NTT Innovation Institute Inc. (NTTi3) were moved 
under NTT, Inc. The aim of this is to improve global 
governance, rapidly incorporate into NTT, Inc. man-
agement the expertise and experience of talent spe-
cialized in global markets, and strengthen NTT’s 
global competitive advantage and profitability. In 
July 2019, NTT Ltd. was established to promote cus-
tomer business development and the creation as “One 
NTT” (Fig. 1), a global business growth strategy, 
which combines support for customer business devel-
opment with innovative creation, to strengthen the 
competitive strength of NTT’s global business 
(Fig. 2).

2.   Support for customer 
business transformation

NTT is using software-defined technology to 
deploy IT (information technology) as a service in the 
form of networks, datacenters, and cybersecurity 
essential to customer business development. In addi-
tion to these services, NTT is deploying industry-
specific advisories and outcome-based solutions that 

directly contribute to customer value across a variety 
of industries. NTT is also cutting total supply costs 
across the NTT Group, mainly through a global pro-
curement company.

3.   Contributing to the creation of a smart world

Through these activities, NTT is transforming the 
NTT Group’s homegrown technology and capabili-
ties developed in collaboration with its clients into 
integrated solutions to contribute to the creation of a 
smart world. In Las Vegas, Nevada, in October 2018, 
NTT signed a memorandum of understanding regard-
ing the creation of new use cases in transportation, 
parks, and roadside monitoring for deployment in 
cities in Nevada, across North America, and through-
out the world. NTT’s achievements in public safety 
solutions with advanced situational awareness capa-
bilities in cooperation with the City of Las Vegas was 
due to the NTT Group’s ability to fully use its exper-
tise by drawing on its full IT stack that serves as a 
one-stop source of innovation and its stance that 
“customers own their data.”

4.   Commitment to innovation

NTT has established a global innovation fund, an 
organization that boosts innovative creation, and an 
overseas research hub to catalyze its innovative  

NTT’s Global Business Initiatives
NTT, Inc.

Abstract
The NTT Group positioned its global business as one of its pillars of growth in the NTT Medium-Term 

Management Strategy announced in 2018, and in FY 2019 revenue grew to US$19.5 billion. After active 
pursuit of international mergers and acquisitions, approximately one-fourth of the NTT Group’s work-
force (135,000 people) now works outside Japan, and the global business has grown in importance. The 
NTT Group’s strength lies in its ability to offer full stack support for customer business transformation 
through the global collaboration of operating companies. This full stack support encompasses everything 
from networks, datacenters, hybrid clouds, and other information technology infrastructure to manage-
ment services and business applications.

Keywords: global, smart world, brand
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initiatives aimed at creating something totally new. 
NTT Venture Capital was established in November 
2018 as the NTT Group’s global innovation fund to 

promote synergies and new business creation within 
the group. Through NTT Venture Capital, NTT is 
investing primarily in technology sectors that are 

Fig. 1.   Reorganization of global business.
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expected to grow in global markets. NTT Disruption 
boosts innovative creation, using cutting-edge tech-
nology in artificial intelligence, robotics, and edge 
computing, to create new value in collaboration with 
clients. In particular, the company aims to commer-
cialize new technologies through proofs of concept 
that affirm the value of the technologies with custom-
ers. Finally, NTT established NTT Research, Inc., an 
overseas research hub that leads the world in research 
on innovative technologies.

5.   Strengthening the NTT brand

To further enhance its global presence, NTT has 
become the leading sponsor of the NTT IndyCar 

Series of top-of-the-line professional motorsports in 
North America. NTT has also signed a technology 
partnership agreement with Major League Baseball 
in the USA and is also an official technology partner 
of the Tour de France. Through partnerships like the 
above, NTT is working to provide an innovative 
experience for sports fans using cutting-edge technol-
ogy and building the NTT brand through television 
and the web, enhancing its global competitive advan-
tage.

By combining support for customer business devel-
opment with its commitment to innovative creation, 
NTT, with its talents and brand, is enhancing its com-
petitive strength in global business and accelerate 
growth as One NTT.
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1.   Baseball-simulation system using 
virtual reality

The baseball simulation system that we provide 
uses virtual-reality (VR) technology to highly accu-
rately reproduce an actual baseball ground and the 
pitching of actual pitchers in a 360-degree virtual 
space by matching the trajectory and speed of the 
ball. This system was developed using the research 
results from NTT Media Intelligence Laboratories 
and NTT Communication Science Laboratories 
(Sports Brain Science Project) and commercialized 
after several verification tests. 

The key feature of this system is its high reproduc-
ibility. It is technically possible to reproduce pitching 
images with computer graphics (CG). An actual bat-
ter standing in the batter’s box focuses on the stance 
or even the interval between the pitcher’s movements 
and uses that knowledge to decide how to swing the 
bat or determine the type of pitch that will be thrown. 
The system therefore makes full use of actual throw-
ing images to precisely reproduce positioning and 
timing when the pitcher releases the ball. By referring 
to actual pitching data, the system realistically repro-
duces the trajectory and speed of the pitch that the 
pitcher threw in a specific inning of a specific game. 

The same reproduction applies to the baseball ground 
in the background. By incorporating data taken on-
site using a 360-degree camera, the system virtualizes 
a situation in which the player (batter) can receive the 
pitch as if he or she were standing on home plate. In 
an actual baseball ground, the atmosphere in the sta-
dium and the appearance of the pitching differ 
between night and day games. This system can repro-
duce such environments in the VR space. By chang-
ing the background according to the purpose, it is 
possible to experience a more realistic space (Figs. 1 
and 2).

2.   Sports × VR

Although it may seem difficult to imagine using VR 
in the sports industry, VR can be advantageous for 
sports. Video analysis and the utilization of data are 
gradually becoming widespread in all sports disci-
plines. However, in many cases, such data are two-
dimensional information, so they are understood 
using one’s intellect. VR makes it possible to experi-
ence things through the body in a highly immersive 
three-dimensional space, which may lead to more 
effective training. It is also possible to practice 
repeatedly with different ball types and speeds that 

A New Training System Using VR 
Will Rev Up the Baseball Industry 
Like Never Before
Tomoko Ara and Hitomi Nakamura

Abstract
By accurately reproducing various pitches of actual pitchers in virtual space and visualizing the move-

ments of athletes using a sensing function, the baseball-simulation system that we provide achieves more 
efficient and effective training for athletes. This system also provides baseball fans with a new means of 
enjoying the sport by enabling them to stand—in virtual space—in the batter’s box and play against the 
pitching of a real pitcher. This system represents a new initiative that has never been available before, 
and it is generating interest within the industry.

Keywords: virtual reality, baseball, innovation
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are difficult to reproduce in the real world. Since the 
necessary equipment is compact, full-scale training is 
possible regardless of time, place, or weather.

3.   Expansion to Japanese and  
US professional teams

The system is currently being offered for the pur-
pose of training (improving performance of athletes) 
and entertainment (engaging with fans). There are 
two use cases regarding training. The first case is 
imagery training before a game. Reproducing, in VR 
space, the balls thrown by the starting pitcher of the 
opposing team in the previous game enables the bat-
ter to understand the pitching tendency of the pitcher 
and create a more concrete swing image. As men-

tioned above, more and more professional baseball 
teams are checking game videos and pitching data of 
opponents on tablets and other devices before a game. 
It can be said that being able to experience such data 
with the body, as opposed to understanding it with the 
mind only, is very effective just before a game. 
Although this system is basically for batters, we have 
had many requests from pitchers. Pitchers only have 
a limited number of ways to evaluate their pitching in 
the real world; however, with VR, it is possible to 
actually stand at the home plate and see what their 
pitching looks like from the batter’s perspective.

The other use case is visualization of a player’s 
performance. By monitoring the movement of the 
player (batter) via sensors while watching the pitch in 
VR space, it is possible to visualize the movement 

Fig. 1.   The baseball-simulation system.
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Fig. 2.   Reproduction of baseball ground with the baseball-simulation system.
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and timing of the swing. In addition to the head-
mounted display (HMD) worn on the batter’s head, 
sensors are attached to the lower back and bat to 
monitor the swing movement in three axial directions 
(X, Y, and Z) (Fig. 3). For example, by comparing the 
pitching timing in the VR space with the movement 
of the swing, it is possible to determine, for example, 
delay and hesitation in the swing with objective data 
(Fig. 4). In this manner, it becomes possible to visual-
ize—with objective data—things that are recognized 
as good or bad, which was previously difficult to 
verbalize, and athletes and coaches can better embody 
the training athletes need to overcome their weak-
nesses. In addition, by monitoring using VR for 
observing fixed points, it will be possible to deter-
mine the effects of training and certain changes.

The system was initially introduced through verifi-
cation testing to the Rakuten Eagles, a Japanese pro-
fessional baseball team, in 2017. At that time, the 
purpose was to conduct imagery training to beat the 
pitcher of the opposing team before the game. How-
ever, we received feedback stating that “As well as 
watching the pitching, I want to check my swing 
movement while watching,” accordingly, we devel-
oped a sensing function for visualizing the batter’s 
swing movement while watching the pitching in VR 
space and added it to the system. We then focused on 
introducing the system to Major League Baseball 
(MLB) in the United States in consideration of 
MLB’s market size and environmental conditions.

The basis of the system for entertainment is the 
same as that for training, and the aim is to reproduce 

a ball thrown by an actual pitcher in an actual game 
with high accuracy. In the real world, it is unlikely a 
person will ever experience standing in the batter’s 
box in a real baseball stadium and receiving a ball 
thrown by a professional pitcher in a real game; how-
ever, this is possible in VR space. Being neither a 
batting cage nor a video game, we believe the system 
will provide a new means to enjoy baseball.  

We launched a service for fans of Rakuten Eagles 
from the 2018 season onwards and a similar service 
for fans of Hiroshima Toyo Carp in 2019. The system 
is attracting attention as an effective tool for main-
taining the relationship between teams and their fans 
in circumstances in which it is difficult to directly 
contact with fans during off-season or due to the cur-
rent COVID-19 pandemic (Figs. 5 and 6). 

4.   Differences between Japanese and  
US sports markets

If baseball alone is looked at, we see that the market 
size in the United States is more than five times 
larger than in Japan, and the number of teams in MLB 
is 30 (that in Nippon Professional Baseball (NPB) is 
12). Although that fact alone makes MLB valuable as 
a potential market, environmental conditions have a 
major impact on introduction of the system. Special-
ized staff, such as data analysts, are employed in all 
MLB teams. On top of that, if the system stands a 
chance of making a team stronger, even if it is a new 
tool that has never been available in the industry, 
MLB teams will actively try and find ways to use the 

Fig. 3.   Swing movement is measured in three directions by using sensors.
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system with the mindset of first giving it a try. As a 
result of their efforts, we were also able to compile 
effective use cases, acquire knowledge, and identify 
issues. On the basis of the usage record of the system 
in the United States, we are considering deploying the 

system to other teams such as more NPB teams.

Fig. 4.   Sample results.
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5.   Future developments: bringing change to the 
baseball industry

On the basis of our efforts thus far, we are currently 
redefining the system’s effectiveness, simplifying it 
to expand it to more NPB teams, and building and 
verifying a new service model. The VR equipment is 
not manufactured under the assumption that it will be 
used by sportspeople, so we want to optimize it as the 
manufacturer improves the VR equipment. 

The introduction of the system to amateur baseball 
teams is also one of our goals. Compared to profes-
sional teams, amateur teams have a limited training 
environment and time. The types and speeds of 
pitches that can be experienced in actual games are 
also limited. Training using our system makes it pos-
sible to repeatedly practice for ball types and speeds 
that are difficult to train for in the real world. In the 
actual verification tests, we heard the comment that 
players who trained at a ball speed of 150 km/h in VR 
space began to feel that the ball speeds of 130 km/h 
and 140 km/h were slow in real practice, and it 
became easier for them to adjust their timing. 

The ultimate goal of this project is to establish a 
platform that can visualize and manage player perfor-
mance. The evaluation of a player’s performance has 
traditionally been highly opaque. An evaluation index 
for a batter is the batting average—the number of hits 
divided by the number of at-bats—which, however, is 
a comparison under different conditions such as 

opponent pitcher, time, and weather. In contrast, the 
reaction data for pitching in VR space is measured 
under constant conditions, including ball type and 
speed, so that data can be used to compare players. 
By managing the performance data of players from 
amateurs to NPB and MLB players in the form 
requested by each user, it is possible to support the 
development of young players within the team and 
the formulation of game strategy. It will also be pos-
sible to use the system to provide new reference data 
for scouting and drafting players, which used to be 
largely dependent on individuals. With these possi-
bilities in mind, we would like to continue discus-
sions with the individuals concerned.

This year’s National High School Baseball Cham-
pionship, which is held in the spring and summer 
every year in Japan, was canceled due to the COVID-
19 pandemic. Thus, it is necessary to establish a new 
format for the draft that provides amateur players a 
path to becoming professional players. As can be 
seen from the introduction of a limited number of 
pitched balls per pitcher per week at the National 
High School Baseball Championship, attention is 
also being paid to the viewpoint of a player’s career 
length. We thus believe that visualizing the player 
performance and making training more efficient will 
become even more important. We will contribute to 
the further development of the baseball industry by 
using new technologies and ideas regarding VR.

Fig. 6.   Illustration of a play in the entertainment version.
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1.   Changing dynamics in the market 

The market is going through multiple transitions 
with a strong drive for enterprise clients to consider 
and adopt cloud computing models. In the datacenter 
and more traditional datacenter infrastructure space 
(servers, storage, and datacenter networking), there is 
no doubt that the new paradigm will consist of a 
hybrid computing model, incorporating a combina-
tion of on-premise computing resources (as per the 
classic bare metal servers and infrastructure), private 
cloud platforms (on-premise and/or hosted), and pub-
lic cloud platforms. 

2.   Four computing models are challenging the 
enterprise application landscape 

The market is also seeing new computing architec-
tures emerging in quick succession, creating further 
challenges for enterprises as to which models and 
architectures to pursue. There are four distinct com-
puting models evolving at the same time: physical 
server, virtual server, container-based architecture, 
and serverless computing. This results in enterprises 
having to support a hybrid computing environment 

where the more diverse the mix, the more complex 
and expensive operations and service continuity 
become (Fig. 1).

In 2019, less than 50% of the physical servers glob-
ally have been virtualized, yet we are already seeing 
a rise in container-based architectures and serverless 
computing models. Each of these models has a rele-
vant place and fit, and it is highly likely that enter-
prises will have to consider, plan, and invest in all 
these architectures. The answer as to which comput-
ing model or computing architecture to pursue is 
found in the application in question. 

Many applications cannot be re-platformed to run 
on virtual machine (VM) architectures and will 
remain on a bare metal and dedicated infrastructure, 
most likely for years to come, as these are core busi-
ness applications that will have to be rewritten to 
move to more modern architectures, and in many 
cases this is not worth the return. There are many 
applications that have been re-platformed to run on 
VM architectures, and many of the modern cloud 
platforms originated from these architectures and 
continue to grow. The next transition is defined by con-
tainer-based architectures, and most applications will 
have to be rewritten to fully leverage container-based 
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architectures. 
At the same time, we are seeing the strong emer-

gence of yet another computing architecture in the 
form of serverless computing, where value is pro-
vided to cloud-based functions, the functions are 
executed, and value is returned for use. Serverless 
computing will require further adjustment in comput-
ing architecture, especially in the context of data 
platforms and data abstraction, which implies an 
entirely different application architecture. Not all 
applications will be suitable for serverless comput-
ing, so the expectation is that certain applications will 
be suitable or execute optimally on specific comput-
ing models and architectures, resulting in a situation 
in which enterprises will have to invest in all these 
models and architectures to truly benefit from 
advances in technology. 

This article distinguishes between computing mod-
els such as physical/dedicated infrastructure models, 
cloud-based models, such as infrastructure as a ser-
vice (IaaS), and computing architectures such as 

dedicated server, VM, container, and serverless. It 
should be noted that hybrids occur within and across 
both computing models and computing architectures, 
resulting in a complex service challenge for most 
enterprises. This complexity is also contributing to 
the desire for an increasing number of enterprises to 
leverage applications in a software as a service (SaaS) 
service type to avoid the complexity of the underlying 
infrastructure or rewriting applications. This is not 
always possible, and an increasing complex hybrid is 
a reality.

3.   Where are all the workloads 
(and money) going?

Morgan Stanley estimates 44% of computing work-
loads will be orchestrated in the cloud by the end of 
2021, up from 21% in 2018 [1]. Meanwhile, every 1 
USD of revenue growth for the largest cloud service 
providers (i.e. hyperscalers) has resulted in about 3 
USD of revenue decline for the major legacy non-cloud 

Fig. 1.   Hybrid computing environment.
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infrastructure-technology providers. Data from other 
industry analysts and views from key market players 
support this trend. It is clear there is a market shift 
coming across three critical areas:

•	 �The shift in information technology (IT) spend-
ing growth focused on digital transformation 

•	 �The change in the mix of enterprise workloads 
by an environment showing non-cloud shrinking

•	 �The rapid growth and adoption of software-
defined infrastructure

There are three clear leaders in the IaaS and plat-
form as a service (PaaS) hyperscale market, Amazon 
Web Services (AWS), Microsoft, and Google. 

•	 �AWS is still the market leader. The rate of inno-
vation and expansion of their services is signifi-
cant, and part of their success with Amazon has 
been to compete where needed with razor thin 
margins, which could be dangerous as the market 
matures and competitive pressures rise.

•	 �Microsoft has focused almost every part of its 
business on winning in IaaS and PaaS as well as 
making the most use of its SaaS offerings (pre-
dominantly Office 365) to drive utilization of 
Azure and its rich partner ecosystem to drive 
adoption and utilization. Microsoft also have the 
largest incentive in this group to drive true rich-
ness in hybridcloud linking to their partner eco-
system and massive presence and breadth on-
premise at the enterprise. 

•	 �Google is a relatively late entrant; however, they 
are investing heavily in enterprise, have signifi-
cant capacity worldwide, strength in high growth 
and consumption areas of data and artificial 
intelligence, and machine learning, and clear 
ambition to win.

Though hyperscale cloud providers have seen tre-
mendous growth, they are not satisfied and continue 
to expand the number, variety, and scale of the ser-
vices that they offer to customers to meet their 
demand. The number of AWS services rose from 1 in 
2006 to over 140 services by 2018. To us, this repre-
sents a shift away from traditional servers and buying 
patterns for some legacy applications and certainly 
for new initiatives. The applications and scale points 
to the fact that AWS’ (and other hyperscalers’) sup-
port for migration to cloud continues to expand, sup-
porting larger instances, more dedicated configura-
tions with the same programmability as their heri-
tage, and customer demand. This is reflected in the 
growth in their revenue.

Today, enterprises are facing challenges within and 
competition from external and new entrants looking 

to disrupt their business and even their entire industry. 
As a result, digital transformation and speed of inno-
vation is top priority for both business and technology 
leaders. Increasingly, the line between IaaS and PaaS 
is blurring, and the speed and efficiency to consume 
one from the other is driving the shift to hyperscale 
providers. Cloud applications that are written to take 
advantage of instant scaling, latest DevOps (develop-
ment & operations) practices, and toolchains and 
containers are often public cloud first workloads, 
skipping the enterprise datacenter all together. While 
there is a risk of provider lock-in for enterprises, the 
speed and richness of solutions is incredibly attrac-
tive. The stickiness with a single hyperscale provider 
is high for a solution given that many PaaS compo-
nents are proprietary and designed to work ‘better-
together’ with other parts of their own ecosystem and 
partners.

4.   The struggle to maintain relevance is real: 
enter programmability 

Considering the complexity and scale of the com-
puting models and architectures and the adjacent 
infrastructures such as connectivity, the modern 
workplace, and diverse business models, it goes with-
out saying that there is a major challenge to operate 
and service these complex environments and remain 
relevant in the industry, especially in the light of the 
speed of technology transitions. The industry does 
not produce enough skilled human resources to per-
form the operational services to maintain these envi-
ronments. The problem is multi-facetted in that there 
is a shortage of skilled human resources, resulting in 
these environments becoming so complex and 
dynamic that humans can no longer perform the 
operations effectively or efficiently. All operational 
models are now underpinned by a large degree of 
automation, which in turn requires all these infra-
structure and architectural platforms to be fully pro-
grammable.

Many infrastructure vendors have been redevelop-
ing their products to be programmable, and one must 
consider the life cycle of the installed base, legacy of 
multiple platforms, operating systems, product fami-
lies, and lack of modern software architectures. There 
is an increasing demand for all vendor products to be 
‘API (application programming interface)-first,’ 
implying that products need to be programmable first 
and foremost and console or command line configu-
rability secondary, if at all. 

Companies that have a true API-first model will 
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most often have their console access via the very 
same APIs, whereas companies that have to transition 
from a console or command-line-first approach to an 
API have to do so via complicated stages. Typically, 
one finds that not all the configurational items are 
accessible via their APIs, which results in a complex 
hybrid model. The latter is not desirable as it requires 
‘old’ and ‘new’ skills and does not support the auto-
mation that operational model demand, and all of this 
becomes costly and lethargic. Considering the current 
market and key technology vendors, it goes without 
saying that those who transition to API-first and truly 
programmable models will flourish, be preferred in 
the market, and accelerate their growth, and those 
who do not move swiftly enough will see market 
share losses and face severe market challenges.

As information and communication technology 
(ICT) providers consider their objective to be leading 
IT and services companies for their clients, they will 
need, if they have not already, to establish a prefer-
ence for vendor partners that offer API-first technol-
ogy that is fully programmable. At the same time, 
they will need to proactively remove technology 
products from their portfolio that do not provide pro-
grammability, since there is no longer a sustainable 
business model for non-programmable infrastructure 
for ICT providers or their clients.

5.   With no end in sight—maturity and 
expansion of SaaS continues

The mass adoption of enterprise SaaS continues 
across a wide range of application categories, and 
each of these applications previously required servers 
and storage inside the enterprise and are now con-
sumed as a service. There are SaaS providers in the 
following major categories: 

•	 �Productivity: Office 365, Google G Suite, Atlas-
sian Confluence and JIRA 

•	 �File store: OneDrive for Business, Dropbox, 
Box, Google Drive

•	 �Collaboration: WebEx, Zoom, High Five, Slack, 
MS Teams, Yammer 

•	 �Enterprise resource planning (ERP): SAP Hana 
& cloud variants, Oracle, Dynamics 365, Intacct, 
Intuit, NetSuite

•	 �People and payroll: Workday, ADP
•	 �Service/sales/customer relationship manage-

ment (CRM): ServiceNow, Salesforce.com, 
Siebel

PaaS and serverless computing are poised to make 
further inroads into reducing the requirement for 

enterprise clients to buy servers, storage, and net-
working infrastructure, not to mention the consulting, 
professional, and technical services that went into 
their design, build, and operation.

6.   Hybrid computing environment in practice 

This concept of four computing architectures is not 
just theory or an academic exercise. At NTT Ltd., we 
have practical use cases of implementing a hybrid 
mix of architectures. However, decision-making for 
clients is not always centered around the best techni-
cal approach. Often, the factors that go into choosing 
to implement one architecture over another or a mix 
of architectures are a matter of operational challeng-
es, financial discipline, and risk tolerance. Let us 
explore one of our practical examples of our multi-
architectural approach to meet the needs of one of our 
more well-known clients.

7.   Implementation of four computing 
architectures for Tour de France

NTT Ltd.’s Advanced Technology Group focus is 
on using sports as a technology incubator within 
NTT. They are focusing on the strategic innovation 
projects that NTT are executing with clients. The 
Amaury Sports Organization (A.S.O.) organizes the 
Tour de France, a bicycle race that takes place over 21 
days around France involving riders traveling about 
200 kilometers every day. Supporting the race is what 
is commonly referred to as a traveling circus as a 
large number of support and infrastructure vehicles 
are required. When we started and first partnered with 
the A.S.O., there was a real concern around the level 
of connectivity, e.g., just basic supply of items such 
as electricity, in many of the remote locations the tour 
visits. 

Our first solution was using an enormous truck, i.e., 
a traveling datacenter. The truck traveled hundreds of 
kilometers each day and night to support the race. 
With this truck, we collected the data from the bicy-
cles and riders, provided a large amount of analytics, 
and provided the summary and result of data analyt-
ics to the broadcasters. Our truck would pull up next 
to the broadcasters’ trucks, and a cable would be 
plugged in from one truck to the next. We had a 
physical infrastructure, i.e., physical servers in the 
truck. This worked, but it was quite challenging as 
one had to take all the technical staff on the road to 
ensure everything worked smoothly.

In the 2016 race, we had a stage of the race located 
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at a mountain called Mont Ventoux, which is known 
for having extremely windy conditions and severe 
storms. During that stage, a severe storm came 
through. It was so bad that the finish line, which was 
meant to be at the ski resort at the top of the mountain, 
had to be changed, and they finished the race only 
halfway up the mountain.

This does not seem like a significant operational 
challenge, but all support trucks that were going to be 
parked in the large parking lot up at the ski resort 
were distributed at schools, fields, and supermarket 
parking lots across several villages at the bottom of 
the mountain, and our truck was no longer parked 
next to the broadcasters’ trucks. In fact, it was two 
and a half kilometers away.

Therefore, the decision was made at around two 
o’clock in the morning that we basically had to take 
everything that we have been running on physical 
servers and shift to running on VMs in the NTT cloud 
overnight, and we were actually up and running for 
the next day. We ran successfully on that model for 
the rest of the race, and that convinced everyone 
including our client that the applications and func-
tions running on physical servers could run in a vir-
tual world in a virtualized environment, and we 
stayed with that virtualized environment until 2018. 

Over the last eight months or so, we have been mak-
ing some very fundamental architectural changes, 
which are in line with what we have been talking 

about thus far, i.e., the four computing models. If we 
look at Fig. 2, we see a representation of our data 
structure, which is the core of our solution. Very 
broadly, we obtain data from a range of sources on the 
left side, carry out some data processing and analytics 
in the middle, and distribute data to a variety of con-
sumers on the right side. The real-time data analytics 
platform is grouped into four main areas because 
these areas were essentially built as different plat-
forms and have different drivers in each area. 

As an example, we need a robustly managed API. 
However, we had a hard look at our previously built 
API and through the course of last year, as much as 
everyone prefers to do it themselves, we realized that 
there was actually nothing about our API that was 
different from anyone else’s. There was no additional 
benefit to building it ourselves, and what we could 
bring would be only additional cost, complexity, and 
the management burden across the platform and solu-
tion. 

Therefore, we ended up going with a set of PaaS 
services and serverless functions for the API. We used 
a third party’s API, which has the advantage in that 
we do not need to worry about any of the infrastruc-
ture or mechanics of the API infrastructure and sim-
ply plug in our functions and transformations we 
want and structure the data that we want to process.

This has significantly narrowed the scope, focus, 
and effort of that workstream. It also means that the 

Fig. 2.   Data platform.
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support requirement on our end significantly decreas-
es. We do not need to worry about servers. We were 
previously running an API that can scale to support a 
million users and requires a very significant infra-
structure and large amount of looking after, but using 
a third party’s API basically bypassed that whole lot. 
The last race of the Tour de France in which we used 
such APIs, was uneventful for the people looking 
after the API infrastructure because it just worked. At 
the end of the day, this is the desired result for all IT 
operational support people both on the client and 
provider sides.

The real learning has been trying to understand the 
specific features of the hyperscalers’ solution. One 
needs to get into such specifics, and we found the best 
way of doing this is running proofs of concept and 
proving out the technologies because one needs to not 
only make decisions in terms of technology but also 
in terms of costing models.

Previously, the approach was just about obtaining 
the right technologies, then we would run proofs of 
concept and end up with a choice of technology that 
supports the desired functionally, however, the cost of 
the technology solution was quite high due to our 
large amount of data. Today, with most hyperscalers, 
if there are multiple overlapping options in many 
areas, we can switch to another option that is func-
tionally just as effective and have a far better pricing 
model. This is something to consider, particularly 
when one starts looking up at the higher end of the 
stack of solutions from the hyperscalers.

Thus far, we have seen operational challenges move 
our architecture from physical to virtual. We then saw 
that financial considerations cause a need to adopt 
serverless and “as a service” models from hyperscal-
ers. Technologies are not always the deciding factor 
into which a computing model will work for our cli-
ent environments. 

Looking at Fig. 2 again, the data store is primarily 
an SQL (structured query language) server; it is just a 
data store. It has a large amount of data, and we have 
made the choice, in this case, to stay with the VM-
based solution not because there are no other alterna-
tives or because it is the best option. It is just that in 
our case for 2020, we have several other parts of the 
solution changing, so we did not want to also change 
our data store architecture. This represents another 
item for organizations to consider and is their toler-
ance of risk. We have deliberately chosen not to do 
anything with that data store and chose to leave it on 
a VM because we have enough technology risk else-
where in the stack and do not need to change it. We 

will probably change it next year because there are 
some advantages to shifting to PaaS solutions, but it 
is not an imperative this year. We now have two com-
puting models incorporated into the environment, 
i.e., we have serverless functions on the API and VMs 
on the data store. 

The last area is the real-time analytics platform, 
which is where NTT Ltd. brings a large amount of its 
intellectual property into the services that we provide 
to the A.S.O. and broadcasters. It is where we take the 
sensor data from the bicycles and enrich the speed 
and location data we obtain from the bikes and apply 
machine learning to turn a couple of data points into 
over fifty data points that then support a range of 
consumers and consumption models. Therefore, as 
opposed to the above third party’s API, it made sense 
for us to build our own data analytics platform. 

However, building our own real-time analytics plat-
form is complex, and we want to be able to continue 
to implement changes and rapidly evolve that solu-
tion. In this case, therefore, we have gone with a 
containerized solution that is built across a range of 
Docker containers, which makes deployments much 
easier. One might ask, “How does running on con-
tainers make things easier?” It is because one does 
not need to deploy an entire VM, operating system, 
plus everything else. One just deploys the container 
so what one needs to run on is much smaller and sim-
pler in terms of footprint and resources. We can 
describe this in code, which means we can say we 
want a container that is this big and looks like this and 
has these items in it much more easily in code. This 
means we can make a deployment directly from code. 
The code for the infrastructure can be managed, just 
like application code, and run just like the rest of the 
application. In fact, it becomes a single package—the 
container and everything that is in it. We can then 
make deployments multiple times a day, which 
means that we can make changes and test the changes 
rapidly, giving us the velocity that we really want 
around the development in that space. The above gave 
a bit of context and insight in the three computing 
models being implemented. Remember, we moved 
away from an entirely physical infrastructure to VMs, 
serverless computing, and container-based architec-
tures. 

There is one last point around the complexity of 
having all three architectures in play. Referring to 
Fig. 2 once again, there is a small box at the bottom 
called “Observability.” Running hybrid architecture 
solutions like this introduces much complexity. The 
challenge is that if one changes one piece of the 
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puzzle, another piece somewhere else can entirely 
break or malfunction, and it can become too compli-
cated to understand all the ways the system can fail. 
While one can put in place alerts, one can be guaran-
teed that what will break is not something one has 
placed an alert on.

What we have built across the whole solution is an 
observability platform for visualizing the outputs of 
all the layers then all the functions of the layers. This 
allows us to monitor the outputs and understand what 
functions are working or not working. Complexity is 
definitely a challenge and is the reason we have 
implemented that fourth observability component in 
our solution to address and manage that challenge.

The Tour de France platform we built provides an 
excellent example and provides interesting insights 
into the factors considered when implementing a 
hybrid mix of computing architectures. We started 
out with a traditional physical infrastructure then, due 
to operational challenges, we had to pivot to VM 
implementation. Due to financial considerations, we 
incorporated serverless computing, and further oper-
ational, portability, and efficiency considerations 
drove the move to a container-based architecture.

The lesson here is not always a matter of the best 
technology but the best fit of technology driven by 
business considerations, aside from the technology 
itself. In the Tour de France example, the team had to 
address considerations such as operational challeng-
es, financial considerations, security, and of course 
risk tolerance.

8.   Summary and high-value services

Unlike physical computing, virtual and container-
based computing make it easy to move applications, 
as they are decoupled from the underlying computing 
infrastructure. The use cases for these models are 
becoming clearer and adoption is on the rise, and 
there is now the promise of serverless computing, 
which offers even greater agility and cost savings 
because applications do not have to be deployed on a 
server. Instead, functions run from a cloud provider’s 
platform, return outputs, and immediately release the 
associated resources.

We have four distinct computing models evolving 
simultaneously: physical server, virtual server, con-
tainer-based architecture, and serverless computing. 
This raises interesting questions for organizations: 
What do we do with our applications? Which work-
loads should move to the cloud? What must stay on-
premise? Can I re-platform some applications to run 

on VMs? Can I rewrite others for the container or 
serverless world? Most importantly, how long will it 
take to get this done so I can unlock the benefits of 
these new models? The computing-architecture deci-
sion has a direct relationship with the future of each 
application, in fact, it may even dictate the future 
direction of each application. 

This article reviewed some of these decisions and 
considerations during a practical client implementa-
tion of all four computing architectures where factors 
such as operational challenges, financial consider-
ations, portability, efficiency, and risk tolerance all 
played a role in making the decision to deploy each of 
the four computing architecture. ICT service provid-
ers, including NTT Ltd., are adapting their go-to-
market and partner strategies given the rapid growth 
of hybrid and hyperscale deployments. Hyperscale 
providers have such a breadth of service offerings 
that staying up to date across multiple clouds will 
require a massive investment on the part of enterprise 
clients as well as some complexity. In this regard, 
ICT service providers can provide true value and 
guidance to their clients.

What is also evident is the need for ICT providers 
to drive high-value service offers to enterprise clients 
to guide and support them on the journey ahead. This 
is why NTT Ltd. is now focused on selling and archi-
tecting over forty high-value services. Some relevant 
services include:

•	 �Infrastructure consulting services encompass-
ing several services focused on optimization and 
transformation wherever our clients are in their 
transformation journey. Whether it is resolving 
ageing infrastructure, managing complexity, 
securing infrastructure, moving to a multi-cloud 
environment, or improving user experience, we 
can help our clients evaluate their current operat-
ing state and transform and improve the perfor-
mance of their infrastructure while optimizing 
their spending.  

•	 �Cloud consulting services including a hybrid 
migration assessment to obtain clear insights 
into a client’s current infrastructure and applica-
tions to create a roadmap to managed services on 
a hybrid cloud. Cloud consulting services also 
include cloud migration services, which are end-
to-end services beginning with auditing work-
loads for suitability for migration, planning the 
migration to the best-fit venue, then migrating 
these workloads to the cloud without disrupting 
daily operations and business.

•	 �Managed Hybrid Infrastructure Services 
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offering comprehensive management and moni-
toring of on-premise, cloud, and hybrid IT infra-
structures to improve operational agility, reduce 
risk, and optimize cloud and technology infra-
structure investments. With our highly trained 
vendor-accredited people, processes, and tools 
necessary to manage the day-to-day operations 
of our clients’ multi-platform multi-site IT infra-
structures, we ensure the resilience and perfor-
mance of such infrastructures so one can focus 
on achieving business outcomes.

•	 �Managed application services around the 
implementation and management of ERP and 
CRM applications on premise, in the cloud, or in 
hybrid IT operating environments with consis-
tent governance, security, and management prac-
tices.

•	 �Finally, our Hybrid and Multicloud service 
allowing our clients to use the best platform for 
each workload and taking away the difficulty of 
managing a hybrid IT environment. With sys-
tems spread out across multiple environments, 
our client’s need a way to manage all these envi-
ronments from a single interface. With our ‘Solu-
tion Insight’ cloud management platform, we 
enable our clients to gain insight into how all 
their systems work together. This helps them bet-

ter understand which applications can be moved 
to the cloud and which need to stay in their cur-
rent environments.

This short list is not an all-inclusive one, as we have 
several other high-value services we are emphasizing 
in our engagements with clients across digital trans-
formation, workplace, datacenter, networking, and 
security.

The shift in the computing landscape is upon us as 
enterprise clients need to support four different archi-
tecture models at the same time. Enterprises will use 
a combination of cloud services across public and 
private clouds. The more diverse the mix, the more 
complex and expensive operations and service conti-
nuity become. Through our high-value service offers, 
we can help enterprise clients navigate decisions and 
considerations when embarking on a hybrid comput-
ing-environment-implementation journey.
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1.   The NTT Pro Cycling team and its mission

In the world of professional cycling, NTT Pro 
Cycling is unique. It is the first team with roots in 
Africa competing on the world stage and that is riding 
to uplift communities in Africa through their support 
of the Qhubeka charity. Qhubeka is an African not-
for-profit organization that donates bicycles as part of 
the World Bicycle Relief’s charity program and has 
supplied more than 75,000 bicycles through fundrais-
ing programs targeted at children in rural African 
communities to make it easier for them to get to and 
from school, helping to improve their attendance and 
performance. 

The team strives to be the benchmark within the 
sport through being a performance-driven, technolo-
gy-enabled team underpinned by their unique pur-
pose-led approach in their support of the Qhubeka 
charity. Their commitment to changing lives together 
with Qhubeka remains stronger than ever, and they 
will be looking to do so with even greater enthusiasm 
in the years to come. Together with staff, riders, and 
valued partners, this core belief remains a foundation 
of the team. This truly is a team that was born in 
Africa but created for the world.

As the NTT Pro Cycling team’s technology innova-

tion partner, NTT Ltd. helps the team to be the most 
purpose-led, performance-driven, and technology-
enabled team in pro cycling today. We work together 
to fulfill their ambition of being ranked among the top 
10 cycling teams in the world. Racing in the Union 
Cycliste Internationale (UCI) World Tour, the pre-
mier men’s elite road cycling tour, means competing 
against some of the best funded teams in the most 
iconic cycling races. To achieve this, the team lever-
ages the power of advanced data analytics and data 
platforms. This enables them to harness all their 
resources in the best possible way, based on real data, 
to perform at the highest level possible to win as 
many points as possible, retaining World Tour status 
and delivering value for their sponsors who provide 
their primary revenue stream.

2.   Creating a technology-enabled data-driven 
pro-cycling team

In 2020, the team adopted a fully integrated athlete 
performance management solution for training analy-
sis, health and wellness tracking, in-race hydration 
and nutrition management, injury reporting, and 
overall athlete condition (health and mental wellness) 
monitoring. Additionally, advanced data analytics 

NTT Pro Cycling: Data-driven 
Innovation in Action
Nadeem Ahmad

Abstract
With thousands of riders and hundreds of races to choose from each year, the NTT Pro Cycling team 

uses data and advanced analytics to optimize their performance by ensuring they recruit the best possible 
riders for their budget and for selected races. Training is then optimized for every individual rider to 
ensure they are in peak condition for their target races, giving them the best chance to maximize UCI 
(Union Cycliste Internationale) points. NTT Ltd. supports the team through innovative technology that 
monitors and manages the performance of the riders. We also use advanced data analytics and data sci-
ence to help the team make key decisions. Working together within a support ecosystem, we give the 
team every possible advantage to be a high-performing pro sports team, both on and off the bike.
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help the team with regards to talent recruitment and 
retention as well as establishing a race calendar and 
team selection to maximize the potential UCI points 
and race results (Fig. 1).

The team uses data science to drive key decision-
making to meet the following three critical perfor-
mance criteria:

•	 �Recruiting and retaining the best talent to create 
the best team within the available budget

•	 �Optimizing athlete performance so they can per-
form at their best 

•	 �Constructing the most effective race calendar 
and team selection to maximize the potential 
UCI points and race results

NTT Ltd. provides several technologies and ser-
vices to help NTT Pro Cycling meet these perfor-
mance criteria. These technologies cut across 
advanced data analytics, data platform, hybrid cloud, 
and artificial intelligence and machine learning. We 
provide a range of services in support of these tech-
nologies to address the team’s performance criteria 
including:

•	 Digital and analytics consulting
•	 Data platform and data architecture definition
•	 Data science services
•	 Systems integration
•	 Application managed services
•	 Program management
Over the past year and a half, NTT Pro Cycling, in 

conjunction with NTT Ltd., has been working on a 
comprehensive data platform that helps the team 
climb the UCI rankings. The solution supports the 
team through innovative technology focused on 
advanced data science, which is used to help make 
key decisions faster. 

Innovative technology not only supports NTT Pro 
Cycling’s performance but also its business process-

es. Data analytics help the team select riders, prepare 
the race calendar, and assign the right riders to the 
right races. Such technology also helps the team 
monitor the health of its riders by tracking physiolog-
ical data through a health and wellness application. 
To compete at the top of cycling’s World Tour, the 
team is looking to drastically improve and force its 
way into the top 10 of the World Tour team ranking. 
The team is challenging themselves to be better. They 
leverage innovation, technology, and data in new 
ways to enhance their performance daily and speed 
up and improve decision making. Like all other orga-
nizations, professional sports teams have embarked 
on a digital transformation journey to remain relevant 
and competitive. It is only through this that they 
improve their efficiencies and become more effective 
organizations. For NTT Pro Cycling, this is no differ-
ent.

3.   Rider recruitment 

Every pro cycling team knows their riders are their 
most important assets. Having the right riders with a 
range of skills and capabilities is an important foun-
dation for building a successful cycling team and to 
secure those all-important race victories. NTT Pro 
Cycling uses data to analyze just about every pro 
cyclist in the world. Using a combination of historical 
data and performance metrics, they can identify 
which riders they want to recruit. By leveraging data 
analytics, team management can make more informed 
decisions to build the best possible team while still 
staying within budget.

Over the past 18 months, NTT Pro Cycling and the 
NTT Ltd. Advanced Technology Group have jointly 
developed several statistical and analytical models for 
classifying different riders to study career trajectories 

Fig. 1.   NTT Pro Cycling’s data-driven approach.

NTT Pro
Cycling

Race results of all pro races over 8 years
Rider profile and recruitment

Race and stage profile and indexing
Race – rider matching and team selection

UCI race program and point table
Calendar optimization for maximum points

Rider health and wellness daily data
Training program optimization

Nutritional and hydration data
In-race diet and hydration optimization, 
improved recovery
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and form. Built upon data from ProCyclingStats.com, 
the analytics package allows the team to distil every 
rider down to a matrix of strengths and weaknesses. 
It is a process that runs daily in NTT Ltd.’s cloud 
platform, scraping required data, calculating all the 
key metrics, then encapsulating them into a dash-
board that team management can use to analyze dif-
ferent groups of riders, deep-dive into individual rider 
profiles, and calculate the trajectory of that rider in 
the future (Fig. 2).

3.1   Building a team
To give the team the intelligence they need, NTT 

Ltd.’s advanced data analytics solution analyzed over 
eight years’ worth of race results and team perfor-
mances. The application programming interface 

(API) from the Pro Cycling Stats platform creates a 
view of the current composition of the team (see 
Fig. 3 for an example). This is then used to identify 
the specific strengths and weaknesses within the team 
across five categories of general, sprint, depth, stabil-
ity, and mountain (example in Fig. 4). 

Starting with this overall understanding of the 
team’s performance data and metrics, team manage-
ment can work out which riders work best together. 
They can then use this to create a ‘team stability’ 
score. 

3.2   Gap analysis
Once the status of the current team is established, 

team management can identify any gaps the riders 
need to fill (see Fig. 5). By using the analysis of the 

Fig. 2.   Rider recruitment data.

Race results of all pro races over 8 years
Rider profile and recruitment

Race and stage profile and indexing
Race – rider matching and team selection

Fig. 3.   Example of NTT Pro Cycling rider dashboard.
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global pool of pro cyclists, they can see which riders 
would deliver the biggest ‘bang for buck.’ In addition 
to examining the strength of the individual riders 

against the needs of the team, the data analysis solu-
tion incorporates the full pro cycling calendar, includ-
ing the number of points available and the historic 

Fig. 4.   Team strengths, weaknesses, and stability.

Team profile Team stability

Fig. 5.   Rider ranking and gap analysis.
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strength of the field. This enables team management 
to identify opportunities to score the maximum 
amount of points along with which riders and combi-
nations are most likely to be successful.

3.3   Performance analysis
As well as using analytics to establish which riders 

are the best in any given situation, NTT Pro Cycling 
uses them to review the global pool of riders. The 
team understands that discovering the right resources 
at the right time is critical to success both in business 
and on the road.

With their understanding of the team’s require-
ments, team management and performance coaches 
work together to narrow down the thousands of 
cyclists, creating a shortlist of potential talent. Fac-
tors taken into consideration include rider type, race 
victories, age, and recent performance, to name a few. 
From that information, the analytics package’s algo-
rithm deducts the likelihood of riders earning ever-
important World Tour points in races to come, i.e., the 
‘win quotient.’ Together with data-driven rider pro-
files, management has a view of each rider’s strengths 
and weaknesses, allowing them to identify the skills 
needed to fill the gaps.

3.4   Integrate, monitor, and report
The final phase is actual recruitment. With a holis-

tic view of the current team, the gaps they need to fill, 
and the potential talent available from our data and 
analytics solution, team management are able to 
make quicker, more informed decisions, taking some 
of the guesswork out of the process. These tools allow 
decision-makers to make objective choices to help 
them achieve their goals. All this information allows 
team management to sign riders and be assured that, 
together with their vast industry knowledge and expe-
rience, technology will enable them to improve their 
performance. To monitor and evaluate performance, 
NTT Ltd. has integrated multiple technologies, wear-
ables, Internet-of-Things devices, platforms, and 
tools to provide both detailed performance analytics 
and a holistic snapshot for management.

One final note on rider recruitment. NTT Ltd.’s 
solution allows the team to look beyond the big 
names, to the true ‘moneyball’ performers, i.e., the 
riders who have previously been overlooked but pro-
vide a unique value proposition. Using a combination 
of historical data and performance metrics, experi-
enced sports directors can supplement the process by 
identifying riders for specific roles to help fill out the 
roster. 

4.   Data-driven calendar optimization 

In addition to the 36 compulsory World Tour 
events, there are hundreds of races for teams to 
choose from, so making the decision about which 
races to participate in with which riders is critical to 
success. For this reason, NTT Pro Cycling uses data 
analytics to help optimize their race calendar and use 
their resources most effectively. The team partici-
pates in 82 races on 256 days across five continents 
every year with up to three different races on a single 
day. This creates not just logistical challenges but 
challenges in ensuring optimal team performance. To 
obtain the best possible results, the right riders need 
to be at the right races at the right time. The logistical 
issue is that there are 29 riders, 54 management and 
support staff members, over 200 bicycles, 250 sets of 
carbon wheels, 22 vehicles, over 900 airplane tickets, 
3.5 tons of nutrition, and dozens of partners and 
assets across the globe. This makes up the complex 
team infrastructure that is NTT Pro Cycling. As part 
of NTT Pro Cycling’s drive to secure World Tour 
points, the team must make tough decisions about 
which races to participate in. The calendar needs to 
create a balance among logistical feasibility, the 
opportunity to earn points, rider schedules, their 
strengths, and their training and race load (Fig. 6).

At the top level of cycling—the UCI World Tour—
securing enough points is critical to the team’s sur-
vival. With different tiers of races and different point 
scales, it is essential to know where the best opportu-
nities to score points are. Data and analytics tools 
help the team identify this and from that, build a race 
calendar. 

The team uses an algorithm to take into account the 
points available by race, calculate field strengths 
based on the caliber of riders who have competed in 
the past, and create a points-per-race-day weighted 
by the field strength indicator. This shows the best 

Fig. 6.   Point data for calendar optimization.

UCI race program and point table
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value races where they are likely to achieve the best 
results, therefore earn the most points.

From there, the scoring, together with the logistical 
constraints of time and distance, helps the team build 
out the race calendar. Coupled with our rider and 
team composition analyses, they can pinpoint who 
should go to which races. The system produces mul-
tiple dashboards (see Fig. 7 for an example), which 
team management can use along with other key infor-
mation such as rider programs and team logistics, in 
determining which races they should attend.

One of the main findings from this analysis is that 
it is four times easier to win points in Asia Tour .HC 
(now ProTour) races than in European World Tour 
races. It also shows that the team’s riders can win 
more points in one-day races than stage races. There 
are more points on offer at World Tour races, but they 
are statistically more difficult to earn. The analysis 
proved its worth early on with strong results across 
the globe:

•	 �Eight top-2 finishes with six different riders on 
three continents

•	 �Stage wins at both Étoile de Bessèges and Tour 
de Langkawi (Ben O’Connor and Max Wals-
cheid)

•	 �Leader of the points classification at the Tour of 
Langkawi (Max Walscheid)

•	 �National Championships of South Africa (Ryan 
Gibbons)

5.   Rider training, health, and wellness

Training, preparation, nutrition, and health are key 
ingredients for any successful pro-cyclist. NTT Pro 
Cycling understands this as they use a combination of 
technology solutions from their ecosystem of part-
ners including NTT Ltd., Alcatel Lucent Enterprise, 
Lumin Sports, Today’s Plan, Garmin, and Rotor, to 
monitor and optimize the riders training and race 
preparation. 

Phila (an Nguni word meaning ‘to live’) is a health 
and wellness mobile application that provides a 
morning and evening questionnaire to check on the 
rider’s location, sleep, fatigue, mood, soreness, ill-
ness, injury, training, and race feedback. It allows the 
coach to provide immediate feedback on the day’s 
training plans (Fig. 8).

Assisting in optimizing hydration and nutrition for 
recovery, the team uses the Hydration and Nutrition 
Guidance (HANG), an automated application for use 
at races. The app is linked with Bluetooth Smart 
Scales to capture morning, pre-, and post-race 
weights to track hydration levels and provide person-
alized recommendations to each rider following the 
race. The team uses a centralized athlete data report-
ing tool called ARC, which integrates all the training 
data, health and wellness data, HANG data, and race 
reporting to provide the coaches and team manage-
ment with performance dashboards on key metrics, 

Fig. 7.   Race calendar ranking and the biggest “bang for buck.”
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including the optimal training load for each rider and 
race analysis and modelling training load based on 
rider race schedules.

6.   Summary and results

For NTT Pro Cycling, innovative and advanced 
data science is used to help make key decisions faster 
to not only support the team performance but also 
their business processes. Data analytics help them 
select riders, prepare their race calendar, and assign 
the right riders to the right races. Innovative ecosys-
tem technologies also help them monitor the health of 
its riders by tracking physiological data through a 
health and wellness application.

It would be naive to think that NTT Pro Cycling is 
the only team looking at gaps in its line-up and trying 
to recruit to fill those gaps. It is also unlikely to be the 
only team with a data analytics solution of some kind 
to help with the process. However, the team is far 
ahead of the curve in the road cycling space in the 
level of sophistication and detail of performance 
monitoring and management solution to provide 
access to their capabilities and all the crucial data via 
one unified data analytics platform. With a holistic 
view of the current team, the gaps they need to fill, 
and the potential talent available from the data and 
analytics solution, team management is able to make 
quicker more informed decisions, taking some of the 
guesswork out of the process.

Using data-driven recruiting, based on team perfor-
mance, 2020 NTT Pro Cycling’s selected riders 
should be expected to deliver 25% more UCI points 

than the 2019 team did, which would result in them 
moving up 7 positions in the UCI World ranking. To 
move into the top 15 cycling teams in the world, they 
require their top 10 riders to win 25% more points 
than in 2019. To achieve a top 10 ranking would 
require double the points they accumulated in 2019. 
Through optimizing the race calendar alone, there is 
potential to increase the available points they can win 
by 20–30%.

6.1   Initial results
At the time of the writing of this article (before the 

Tour de France that began in August), the 2020 racing 
season had already proven to be very successful, 
reaping the benefits from a technology-enabled, data-
and-performance-driven team. With an increase of 
18% more UCI points, a ground-breaking 200% 
increase in wins and 114% more podiums compared 
to last year’s results, the solution in place has already 
proven to be of immense value to the team and its 
management. 

When NTT Ltd. built the data and analytics plat-
form, the team committed to use the data, applica-
tions, and platforms that are collecting the data, so 
algorithms can be applied to analyze the data to make 
accurate data-driven decisions. The key is that they 
trust the data and monitor the outcomes, adjusting 
along the way, to refine the solution over time and 
achieve the goal of becoming a top-10 World Tour 
cycling team.

Trademark notes
All brand, product, and company/organization names that appear in this 
article are trademarks or registered trademarks of their respective owners.

Fig. 8.   Rider health and nutritional data.
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1.   Introduction

NTT Media Intelligence Laboratories has been 
involved in the research and development (R&D) of 
technologies for processing various forms of media, 
such as voice, audio, language, images, and video, 
and has put several of these technologies into prac-
tice. More recently, it has made a number of contribu-
tions to business such as operator support at contact 
centers [1], provision of artificial intelligence (AI) 
agents [2, 3], sound-collection technology for emer-
gency call systems [4], and video-compression 
devices for 4K/8K broadcasting [5]. 

However, today’s market environment is going 
through major changes and competition is intensify-
ing. Every industry is experiencing digital transfor-
mation (DX), which is revolutionizing business mod-
els through digitalization, and the development of 
DX is expected to accelerate to deal with the COVID-
19 pandemic. The advent of deep learning has ignited 
a third AI boom, and the basic algorithms of AI tech-
nologies are now available to anyone. Moreover, 
learning data that contributes to the improved perfor-
mance of AI systems is now being collected on a large 

scale by platformers, such as Google, Apple, Face-
book, and Amazon, so a world in which AI perfor-
mance increases daily is becoming a reality. 

In response to this external environment, the NTT 
Group is promoting initiatives such as B2B2X (busi-
ness-to-business-to-X) and DX toward the creation of 
a smart world as part of its Medium-Term Manage-
ment Strategy. It is also promoting the concept of the 
Innovative Optical and Wireless Network (IOWN) to 
build a smart world through innovative technologies.

Against this background, NTT Media Intelligence 
Laboratories is leveraging the technologies and 
expertise cultivated through R&D activities in media 
processing to pursue the R&D of AI technologies for 
supporting and substituting human activities—the 
source of all value—and the R&D of Digital Twin 
Computing (DTC) to create new value from a medi-
um- to long-term perspective [6]. In this article, we 
introduce the R&D of AI technologies toward an 
application domain in which AI supports and substi-
tutes human activities.

Researching AI Technologies to 
Support and Substitute Human 
Activities
Hidenori Tanaka, Masaki Kitahara, 
and Yoshinori Kusachi

Abstract
The coming of digital transformation has been gaining interest, and its development seems to be accel-

erating during the COVID-19 pandemic. Competition in artificial intelligence (AI) technologies is also 
intensifying, and platformers are accumulating massive amounts of data as learning data. Amid these 
trends, NTT Media Intelligence Laboratories is promoting the research and development (R&D) of AI 
technologies to support and substitute human activities by taking advantage of the technologies and 
expertise that it has cultivated. This article introduces this R&D initiative.

Keywords: support of human activities, substitute for human activities, AI technology
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2.   Overview of AI technologies to support and 
substitute human activities

Several possible scenarios can be considered when 
talking about an application domain in which AI sup-
ports and substitutes human activities. For example, 
in terms of increasing efficiency, AI can not only 
improve the productivity of operators at contact cen-
ters and AI agents but also improve business pro-
cesses and productivity in offices and improve the 
quality of life as new value. We expect the COVID-19 
pandemic to drive the penetration of teleworking and 
online meetings and transform the way in which they 
should be carried out.

However, applying current AI technologies to such 
scenarios is difficult. For example, when attempting 
to support and substitute human activities on a more 
personal level based on a person’s environment, there 
would be a need to obtain data on that person and 
environment, but there are situations in which a large 
amount of data cannot be obtained. Under such con-
ditions, it would be difficult to achieve the full poten-
tial of AI. Taking speech-recognition technology as 
an example, differences in its application would arise 
in telephone calls, meetings, etc. depending on 
whether only speech-to-text processing is sufficient 
or whether processing as far as speaker identification 
is necessary. In the case of online meetings, there may 
even be more differences in expected performance 
and other requirements.

NTT Media Intelligence Laboratories has begun to 
address these issues by focusing its efforts on achiev-
ing efficient learning with a relatively small amount 
of data, producing new AI technologies, and achiev-
ing breakthroughs in the performance of current 
technologies.

3.   Current initiatives in AI technologies to 
support and substitute human activities

The Feature Articles in this issue introduce a group 
of technologies that we are currently developing. 
First, in the article “Media-processing Technologies 
for Ultimate Private Sound Space” [7], the focus is on 
sound as a major element of technologies that can 
produce new AI technologies, such as for understand-
ing surrounding conditions from sound, listening to 
only the person you want to hear, and eliminating 
sound you do not want to hear. Our aim with these 
technologies is to achieve an ultimate private space 
that can be expected in applications such as telework-
ing.

Next is “Saxe: Text-to-Speech Synthesis Engine 
Applicable to Diverse Use Cases” [8]. Regarding 
speech-synthesis technology for generating speech 
for virtual announcers, AI agents, etc., this article 
introduces technology for high-accuracy reading of 
heteronyms according to context and deep-neural-
network speech-synthesis technology for reproduc-
ing a variety of speaker characteristics at low cost. 
These technologies are aimed at achieving break-
throughs in the performance of current technologies 
and efficient learning with a relatively small amount 
of data.

In “Speech Recognition Technologies for Creating 
Knowledge Resources from Communications” [9], 
we envision speech recognition in scenarios such as 
meetings and face-to-face customer service. In addi-
tion to techniques for improving current speech-to-
text technology, this article introduces technologies 
for producing new AI technologies such as for 
extracting the gender, emotions, and other character-
istics of the speaker from sound.

In “Knowledge and Language-processing Technol-
ogy that Supports and Substitutes Customer-contact 
Work” [10], we introduce technologies for achieving 
breakthroughs in the performance of current tech-
nologies and producing new AI technologies. These 
technologies include document summarizing with a 
certain specified length according to the application 
scenario and response analysis for improving the pro-
ductivity of an operator involved in inside (remote) 
sales. 

Finally, to achieve a fourth-dimensional (4D) digi-
tal platform [11] that integrates various types of sens-
ing data in real time and enables a variety of future 
predictions, the article “Spatial-information Process-
ing Technology for Establishing a 4D Digital Plat-
form” [12] introduces technology for digitalizing 
real-world space and point-cloud-coding technology 
for efficiently compressing 3D data that include tem-
poral changes. These are technologies for efficient 
learning with a small amount of data and achieving 
breakthroughs in the performance of current tech-
nologies. 

4.   Anticipated use cases

We now introduce use cases of AI technologies for 
supporting and substituting human activities that take 
into account the recent COVID-19 pandemic (Fig. 1). 
In creating personal space, the aim is to construct a 
pseudo personal space for teleworking and a space 
that ensures privacy within one’s home. In online 



Feature Articles

NTT Technical Review 41Vol. 18 No. 12 Dec. 2020

meetings, AI technologies will be used to support 
innovative collaborative work by converting the pro-
ceedings of a meeting to text, summarizing and trans-
lating the meeting, and easing the time/space con-
straints in people’s traditional work styles. Addition-
ally, by letting AI do the work traditionally done by 
people, such as announcing, we anticipate quick 
work processes that require no contact among fellow 
workers. Finally, from the viewpoint of distribution 
reform, we envision the possibility of identifying 
goods in short supply and associated locations from 
social networking services (SNSs), etc. and auto-
matically delivering those goods by recognizing 3D 
urban structures.

5.   Future outlook

The surrounding environment is changing rapidly. 
To provide various means of supporting and substi-
tuting human activities, technology must deal accord-
ingly with these changes. To this end, we plan to 
promote R&D with a flexible frame of mind while 
understanding both the macro and micro aspects of 
these changes.
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1.   Introduction

Due to the work-style reforms promoted by the 
Japanese government and the impact of the novel 
coronavirus, the traditional way of working that 
requires employees to come to the office has been 
reconsidered, and flexible work styles that are not 
bound by location or time have been attracting atten-
tion. An important part of this new work style is the 
ability to create a comfortable working environment, 
no matter where one is. 

Let us consider telecommuting (remote working). 
There are various types of noise in the home, such as 
from the air conditioner, traffic outside, and some-
times chimes to announce deliveries. If there are fam-
ily members present, there may be their voices and 
sounds from the television (TV). Such noise includes 
sounds that telecommuters do not want to hear. How-
ever, in some situations, chimes and a baby crying 
may be sounds one wants to hear. When a conference 
call is held at home, we do not want the noise gener-
ated near us to reach the other party. We also do not 
want those near us to hear the voice from the other 
party. If we can create an ultimate private sound space 
in which telecommuters can hear only what they want 

to hear, e.g., voices from their telecommunication 
partners, they will be able to work comfortably at 
home.

The goal of NTT Media Intelligence Laboratories 
is to create the ultimate private sound space, which 
we call a Personalized Sound Zone (PSZ), by accu-
rately collecting sound information and understand-
ing the situation. NTT Media Intelligence Laborato-
ries has accumulated a large amount of knowledge on 
sound-collection technology and is currently working 
on further developing sound situational understand-
ing and control technologies. The following describes 
the three major technologies (Fig. 1).

2.   Technology to understand surroundings from 
sound (event-detection and 

scene-identification techniques)

People want to hear different sounds depending on 
the situation. For example, a user may want to hear 
his/her dog bark when at home, but may not want to 
hear the barking of other dogs when away from home. 
In such a case, if we can detect the sound of a dog 
barking while the user is away from home, we can 
judge that the sound as undesired.

Media-processing Technologies for 
Ultimate Private Sound Space
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Thus, to achieve a PSZ, it is important to selec-
tively convey sounds and situations to the user 
according to the situation, rather than simply sup-
pressing all ambient sounds. To do so, it is necessary 
to be aware of the environment surrounding the user. 
For this purpose, we are developing an event-detec-
tion technique for simultaneous estimation of infor-
mation, such as “when,” “what,” and “where,” and a 
scene-identification technique for estimating the 
meaning of information such as “in what situation” 
and “why.”

One of the difficulties with event detection is that 
the sound changes in various ways depending on the 
surrounding environment, even if the sound reaches 
the same location. For example, deep neural networks 
(DNNs) have recently become the mainstream meth-
od for determining where sounds are generated, but 
due to the diversity of the environment, even DNNs 
cannot be 100% effective. We are working on improv-
ing estimation accuracy by using the spatial symme-
try of the sound field and combining it with physical-
quantity estimation methods [1–3]. We are also 
investigating a method for satisfying the requirement 
of detecting only specific events with fast computa-
tion and low complexity [4].

The goal with the scene-identification technique is 
to estimate the information about the user’s situation 
as higher-level information than events and sound-
source locations. For example, this technique will 
estimate not only the sound of a car running but also 
the user’s situation; therefore, it can judge whether 
the sound should be suppressed or alert the user 

according to his/her situation. We are currently devel-
oping a sound-description-generation technique [5] 
for describing sound signals in natural language as an 
elemental technology of the scene-identification 
technique.

3.   Active-sound-control technology to make the 
sound heard only by listeners who want to hear

Listeners have been using earphones and head-
phones to listen to sound without affecting their sur-
roundings. However, there are many problems, such 
as the inconvenience of wearing/carrying a device, 
possibility of fatigue and hearing loss due to pro-
longed use, and difficulty in detecting the situation 
and possible danger around when wearing/carrying 
such a device. Therefore, if localized sound-zone 
generation is possible so that only the target listener 
can hear without using earphones or headphones, 
these problems can be solved (Fig. 2). NTT Media 
Intelligence Laboratories is engaged in research and 
development (R&D) of both software and hardware 
to develop active-sound-control technology for gen-
erating a localized sound zone. The following sec-
tions discuss issues and approaches regarding this 
technology.

3.1   Efforts to improve software performance
Although localized sound-zone generation requires 

multiple loudspeakers, its control is implemented 
using software and uses signal processing called 
active sound control. This technology requires more 

Fig. 1.   Concept of Personalized Sound Zone (PSZ).
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loudspeakers when the upper frequency range is set 
higher. Also, there may be restrictions on the place-
ment of each speaker. PSZs are designed for individ-
ual users, and the number and degree of freedom of 
loudspeaker placement are severely restricted, unlike 
general problem settings. For example, at home, the 
space where the speakers can be installed is limited, 
such as around a computer desk. The aim with PSZs 
is to achieve localized sound-zone generation with a 
small number of loudspeakers and limited space. 
Active-sound-control technology identifies all the 
conditions necessary for filter design and optimizes 
the overall filter to satisfy all conditions simultane-
ously.

3.2   Efforts to improve hardware performance
In addition to researching signal processing, we are 

also investigating the loudspeaker arrangement that 
minimizes sound leakage with a limited number of 
loudspeakers and installation locations as well as 
hardware that has a greater attenuation of sound level 
as it becomes further away from the loudspeakers. We 
are also engaged in R&D of small speakers for bass 
reproduction. Bass is important to maintain high 
sound quality. The physical size of the loudspeaker 
body is necessary to reproduce bass at a sufficient 
volume. However, as described above, it is not practi-
cal to use a large loudspeaker because of the space 
constraint of PSZs. We aim to improve the hardware 
so that the bass limit of small speakers can be lowered 
more than ever before.

4.   Active-noise-control technology to eliminate 
undesired sounds

A PSZ uses the event-detection and scene-identifi-
cation techniques to discriminate between incoming 
sounds to create a space where undesired sounds are 
not heard. Currently, noise cancellation in earphones 
and other widely used devices is easy to achieve 
because the space to muffle the sound is small and 
fixed. However, wearing earphones for a long period 
causes discomfort, such as earache. If we can develop 
technology to muffle undesired sounds using a device 
that does not need to be worn, it will be more conve-
nient and expand the range of applications (Fig. 3).

Active-noise-control technology that muffles sound 
in a space consists of a control loudspeaker that gen-
erates the control sound, error microphone that 
detects the error signal at the control point, reference 
microphone that references the noise signal, and con-
troller that uses an adaptive algorithm to produce the 
control sound. If the error signal detected with the 
error microphone is small, undesired sounds are 
reduced.

The more loudspeakers there are that produce con-
trolled sounds, the more points can be controlled and 
the easier it is for active noise control to eliminate 
undesired sounds. However, when considering use in 
the home, a small number of speakers is desirable. 
Considering the housing conditions in Japan, these 
loudspeakers and microphones will be located close 
to each other. Therefore, problems may occur, such as 
degradation in performance due to the control sound 
going around the reference microphones, which was 

Fig. 2.   Application range of active-sound-control technology.
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not envisioned in the previous active-noise-control 
technology.

Undesired sound depends on the individual and 
environment. For example, people prefer not to hear 
the sound of a car when they are indoors, but a pedes-
trian feels safer if he/she can hear car noise. After 
detecting the sound with the event-detection and 
scene-identification techniques, technology is also 
needed to determine the necessity of sound according 
to the situation, for example, whether the sound is 
necessary at the moment. To achieve a space where 
the listener can hear only what the listener wants to 
hear, multiple technologies are needed, and they must 
be coordinated at a high level.

5.   Future prospects

This article outlined PSZs and described the current 
status of its elemental technologies, such as technol-
ogy to understand surroundings from sound (event-
detection and scene-identification techniques), 
active-sound-control technology, and active-noise-
control technology. There are still many technical 
issues to be addressed, and NTT Media Intelligence 

Laboratories will continue to conduct R&D on this 
topic. We will also collaborate with other organiza-
tions both inside and outside the group to achieve 
PSZs.
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1.   Introduction

Speech synthesis is technology for generating 
speech from input text, therefore it is sometimes 
called text-to-speech synthesis. NTT has a long his-
tory of research and development in the field of 
speech synthesis and has developed a variety of 
speech-synthesis technologies that have found wide-
spread use in services with the purpose of conveying 
information accurately. These include the telephone 
services web171 (disaster emergency message board) 
and 177 (weather forecast telephone service) and 
IVR (interactive voice response) systems.

There have also been a variety of technological 
advances typified by deep learning and changes in the 
social structure where artificial intelligence (AI) is 
increasingly being used to support and substitute 
human activities. These developments are being 
accompanied by changes in use cases requiring 
speech-synthesis technology and in the functions and 
performance they require. Uses cases that aimed to 
convey information accurately have required the gen-

eration of speech for standard text in a specific 
speaker’s voice. However, use cases that support and 
substitute human activities require the generation of 
speech for all kinds of text in a user-desired speaker’s 
voice in diverse operation environments. NTT Media 
Intelligence Laboratories is developing a speech-
synthesis engine (development codename “Saxe”) 
based on deep neural networks (DNNs) in response to 
these issues and is promoting its practical application 
in diverse use cases. In this article, we outline the 
technologies behind this engine, introduce several 
application examples, and touch upon future develop-
ments.

2.   Technology overview

2.1   �High-accuracy reading of heteronyms accord-
ing to context

Speech synthesis can be broadly divided into a text-
analysis section that infers the reading and accents of 
characters from input text and a speech-synthesis sec-
tion that generates synthesized speech from the 
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inferred reading and accents (Fig. 1). In the text-
analysis section, an erroneous inference of the read-
ing or accents of characters can result in the transmis-
sion of incorrect information to the listener of that 
synthesized speech, so there is a need for high-accu-
racy inference of reading and accents with respect to 
input text. The Japanese language, however, includes 
heteronyms, which are words for which reading and 
accents differ according to context despite being writ-
ten the same. For example, the word “辛い” can be 
pronounced “karai (spicy)” or “tsurai (difficult)” and 
the word “寒気” can be pronounced “samuke 
(chills)” or “kanki (cold air).” For this reason, achiev-
ing high-accuracy inference of reading and accents 
has become a major objective.

To this end, we developed word-reading-disambig-
uation technology that infers the correct reading 
against an obvious misreading. This technology can 
infer the reading of a word having ambiguity through 

the use of dictionaries and rules that make use of lin-
guistic knowledge. For example, a rule can be pre-
pared beforehand that says if the word “カレー,” 
which is pronounced “karee (curry),” should appear 
near the word “辛い,” points are given to reading the 
latter as “karai (spicy).” Consequently, the word “辛
い” appearing in the sentence “この店のカレーは
辛いだけではない” (The curry at this shop is not 
only spicy…) would then be correctly read as “karai” 
(Fig. 2). Since it would be difficult to exhaustively 
write out all words considered to be associated with 
“karai (spicy),” an alternative means would be a 
framework that uses word categories (e.g., “food”) as 
rules. Therefore, we can reduce the number of rules 
while improving comprehensiveness. This technolo-
gy can infer readings with high accuracy while saving 
on memory.

Fig. 1.   Overview of speech-synthesis technology.
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2.2   �DNN speech-synthesis technology for repro-
ducing diverse speaker characteristics at low 
cost

In contrast to the text-analysis section that is 
required to infer the reading and accents of input text 
with high accuracy, the speech-synthesis section is 
required to reproduce with high accuracy the voice of 
a desired speaker according to the wishes of the cus-
tomer or other factors. However, achieving high-
quality speech synthesis for a desired speaker 
requires a large amount of speech data uttered by that 
speaker. For example, in Cralinet [1], a unit-selection 
speech-synthesis system, up to 20 hours of speech 
data are needed to generate high-quality synthesized 
speech. As a result, achieving speech synthesis of a 
variety of speaker characteristics in an interactive 
speech system requires speech recordings and data-
base (DB) construction, which can be a major issue 
due to the costs involved.

In response to this issue, we have achieved high-
quality speech synthesis of a desired speaker from 
20–30 minutes of speech data (about 2 hours of 
speech recordings) by using a previously constructed 
multi-speaker speech DB together with a DNN. A key 
feature of this system is that the speech data of mul-
tiple speakers can be modeled with a single DNN 
(Fig. 3). The information needed to generate speech 
(readings and accents) is learned from previously 
prepared multi-speaker speech data, and features of 
the desired speaker, such as voice quality and speak-
ing style, are learned from the speech data of that 
desired speaker. Therefore, we have achieved high-

quality speech synthesis even with a relatively small 
amount of speech data of the desired speaker [2]. 
Additionally, by combining this system with genera-
tive adversarial networks that have been found to be 
effective in image generation and other tasks, we 
have achieved improvements in the quality of synthe-
sized speech and in the reproducibility of a speaker’s 
voice [3]. 

2.3   �DNN speech-synthesis technology for diverse 
environments

Depending on the environment in which speech 
synthesis is actually being used, a variety of con-
straints (e.g., no network access, need for high-speed 
response) require that the system be operated not on 
a computer server having abundant computing 
resources (central processing unit (CPU), read only 
memory (ROM), random access memory (RAM), 
etc.) but rather on devices such as smartphones or 
robots that are very limited in such resources. To 
address this issue, we developed an embedded type of 
DNN speech-synthesis library that can operate at 
practical speeds on devices with limited computing 
resources while maintaining the quality of synthe-
sized speech to the extent possible. Specifically, we 
created a lineup of three types of libraries. In addition 
to the server-specific library, we developed a library 
for resource-limited terminals for operation on devic-
es such as smartphones and tablets and a library for 
ultra-resource-limited terminals for devices such as 
microcomputers, home appliances, and high-grade 
toys that are greatly limited in computing resources 

Fig. 3.   DNN speech-synthesis technology for reproducing diverse speaker characteristics.
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(Fig. 4).
Many microcomputers and similar devices have no 

built-in floating-point unit (FPU), so the issue was 
how to speed up DNN-inference processing. In the 
library for ultra-resource-limited terminals, we used 
fixed-point arithmetic to achieve high-speed DNN-
inference processing without using floating-point 
operations. Additionally, by incorporating speed-
enhancement measures into the text-analysis section, 
the library for ultra-resource-limited terminals can 
operate at high speeds with small memory (ROM: 7 
MB or greater) even on devices equipped with no FPU.

3.   Application examples

3.1   �Application to news-reading speech spoken by 
computer-generated (CG) announcer 

FutureVoice Crayon [4] from NTT TechnoCross 
provides the text-to-speech-synthesis technology we 
developed as a service. It has been used since Febru-
ary 2020 for synthesizing the speech of TV Asahi’s 
“AI×CG Announcer Hanasato Yuina” [5]. This is a 
news program, so there is a need for rich expressive 
power close to that of a human announcer as well as 
the ability to correctly read news copy in various cat-
egories. The word-reading-disambiguation technolo-
gy described above automatically assigns readings 
that fit the category of that news, which helps to 
reduce the work involved in correcting readings and 
accents that up to now has been performed by humans.

Note that the voice of the CG announcer in this 
example took form by mixing the voices of several 
announcers at TV Asahi. This project therefore cre-

ated an original voice independent of the rights of a 
specific person, which demonstrates new possibilities 
of speech-synthesis technology.

3.2   docomo AI Agent API
NTT DOCOMO’s “docomo AI Agent API” [6] is 

an interactive-type AI-based application service pro-
vider service that packages a speech/text user inter-
face (UI). This service incorporates our speech-syn-
thesis technology as its speech-synthesis engine. The 
application programming interface (API) includes 
more than 50 types of voices as preset speakers, 
which enables a user to implement voice UIs that fit 
a variety of characters and environments without hav-
ing to go through the trouble of recording speech or 
managing rights for each UI. The DNN speech-syn-
thesis technology described above enables the repro-
duction of speaker characteristics with much varia-
tion ranging from the voices of elementary school 
students to those of the elderly.

3.3   Disaster Mitigation Communication System
NTT DATA’s Disaster Mitigation Communication 

System [7] is an announcement broadcasting system 
for transmitting administrative and disaster-preven-
tion information from local governments to residents. 
It delivers this information from a transmission system 
inside a government building or from remote opera-
tion terminals to outdoor speaker equipment installed 
within the community and to tablets, smartphones, 
mobile phones, and other devices. The information 
delivered in this manner is then used as a basis for 
conducting speech synthesis from the outdoor speaker 

Fig. 4.   Speech-synthesis engine operable on diverse devices.

4

Server Microcomputers, home appliances, toys

Server version Resource-limited version Ultra-resource-limited version

Features

x86_64CPU

Memory

Applications

Lineup of 3 versions according to resources, specifications, application, etc.

About 1/10
computing

power

About 1/10
computing

power

Smartphones, tablets,
single-board computers

High-quality speech synthesis, 
multilingual support (Japanese, 
English, Chinese, Korean)

Lightweight speech-synthesis 
library enabling high-quality 
speech synthesis for 
smartphones, etc.

Ultra-lightweight speech-synthesis 
library enabling operation on low-
end CPUs having only integer 
arithmetic

ARM Cortex-A series ARM9, MIPS1, etc.

2GB (ROM)/4GB (RAM) About 10 MB (ROM/RAM) Up to 10 MB

Content creation, robots, 
interactive speech, entertainment, 
information processing, and more

Robots requiring high-speed 
response, use in environments 
with no network access

Use on inexpensive, low-end 
devices



Feature Articles

NTT Technical Review 52Vol. 18 No. 12 Dec. 2020

equipment and each device, such as a tablet or house-
specific receiver, then conveying that information to 
local residents with synthesized speech.

4.   Future developments

This article described the recent technological 
developments in speech-synthesis technology at NTT 
Media Intelligence Laboratories and presented exam-
ples of its application. Thanks to these efforts, 
speech-synthesis technology has reached a certain 
level from the viewpoint of generating synthesized 
speech in the voice of a desired speaker.

Nevertheless, if we were to compare the output of 
current speech-synthesis technology with human 
speech, we would find that there are still significant 
differences. For example, when reading the news or a 
script in the case of a television announcer or voice 
actor, the goal would be to understand, for example, 
the intent included in the text and to then express that 
text in a manner of speaking that includes emotion. 
However, current speech-synthesis technology is 
incapable of interpreting intent and can only generate 
synthesized speech with the same tone. As expecta-
tions are growing for means of supporting and substi-

tuting human activities, the further spread of speech-
synthesis technology in society will require speech 
synthesis that can achieve a level of expression 
equivalent to or better than that of humans. Going 
forward, we aim to expand the range of speech-syn-
thesis applications by pursuing technologies that can 
enable expression based on context, intent, and emo-
tion and expression that take into account the attri-
butes and receptiveness of the listener. 
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1.   Development of speech 
recognition technologies

“Hey, Siri,” “Ok, Google.” These are the first words 
you speak to your voice assistant, and no doubt most 
people have used them. Speech recognition technolo-
gies have spread rapidly with the advent of voice 
assistants that control devices and provide informa-
tion to people when speaking into a smartphone or 
artificial intelligence (AI) speaker. Various speech 
recognition technologies that enable such dialogue 
between people and computers have been put into 
practical use such as in automatic voice response 
devices (interactive voice response: IVR) in the 
1980s and car navigation in the 1990s. However, with 
the recent introduction of deep-learning technologies, 
speech recognition accuracy has improved signifi-
cantly, and the use of voice assistants and speech 
translation combined with machine translation due to 
increasing demand for it in the globalized world, has 
begun.

Nevertheless, speech is an important means of com-

munication between people. Although the above-
mentioned voice assistants work with relatively short 
utterances, commercialization of speech recognition 
for long utterances (long sentences, conversations) 
has also been studied. Since 2000, speech recognition 
technologies have been used in situations in which 
manuscripts were at hand and targeted speech was 
comparatively clear, such as captioning for news pro-
grams and support for council-minutes creation. 
However, the application of speech recognition tech-
nology for speech occurring in natural communica-
tions between people, such as analysis of operator-
customer conversations at contact centers and real-
time conversational support, has recently been 
advancing. Thus, speech recognition technologies 
have been developed with improved recognition 
accuracy and a wider variety of targeted speech 
(Fig. 1).

Speech Recognition Technologies for 
Creating Knowledge Resources from 
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2.   Role of speech recognition technologies in 
supporting digital transformation in business

We believe that by further expanding the range of 
speech targeted with speech recognition technolo-
gies, such technologies will be able to play a role in 
driving the transformation of corporate activities. 
Using information technology (IT), including AI 
technologies, to transform business processes is 
known as digital transformation (DX). The signifi-
cance of DX is gaining attention regardless of indus-
try or business type. However, advancing DX requires 
effort such as streamlining and automating business 
processes using IT and creating new value through 
seamless collaboration between business and IT. 
Speech recognition technologies have demonstrated 
their effectiveness in streamlining and automating 
business processes.

We use a large amount of speech when communi-
cating with others. Although communications tools 
using text, such as social networking services, email, 
and chat, have advanced, real-time voice communica-
tions face-to-face or via telephone are probably more 
often chosen to confirm or convey complex content or 
for decision making that requires the consensus of 

many people.
Compared to text communications, voice commu-

nications are advantageous because they are in real 
time and convey unspoken information expressed 
through the nuances of voice. However, if recordings 
or notes are not made, information communicated by 
voice is volatile, i.e., as soon as it has been uttered it 
disappears. Although an enormous amount of voice 
communications occurs on a daily basis in corporate 
activities, currently only a limited amount of voice 
communications is targeted for data analysis such as 
calls between operators and customers at contact cen-
ters. The data in most voice communications are not 
used.

However, a large amount of voice communications 
that occurs face-to-face or via telephone between 
sales representative and customers contain informa-
tion that could be useful from a variety of perspec-
tives such as marketing or compliance management. 
Information from meetings and communications 
among employees (e.g., short consultations), is also 
useful for improving business activities. Examples of 
such information are seeds of new business ideas, 
business improvement tips, or employees’ mental 
health conditions. Preserving such information by 

Fig. 1.   NTT speech recognition technology initiatives.
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turning it into text using speech recognition technolo-
gies to create knowledge resources for various pro-
cesses, thus leading to business improvements, has 
the potential to contribute to the rationalization and 
automation of business processes. In the next section, 
we introduce example applications of speech recog-
nition technologies to streamline business processes.

3.   Use cases of speech recognition technologies

Compared to current speech recognition technolo-
gy, research and development (R&D) in speech rec-
ognition technologies is now addressing broken utter-
ances, which adds another layer of technical diffi-
culty, enabling progress in business DX in an increas-
ing number of situations. We introduce example use 
cases that are becoming more widespread due to 
improvements in speech recognition accuracy regard-
ing broken utterances.

3.1   Conference speech recognition
Even though minutes are often taken in business 

meetings, many people who take minutes often feel 
that rather than quick notes, it requires much more 
work than predicted to actually record meetings. 
Attempting to faithfully take notes in a meeting 
means the minutes taker will not be able to properly 
participate in the meeting or its discussions or will 
worry whether the minutes will be accurately record-
ed sometime after the meeting. Also, recording all of 
a meeting and creating minutes while listening later 
takes more time than the meeting itself, so it might be 
a good to have an additional minutes taker participate 
in the meeting. Many people wish for such a device 
that can automatically and quickly create minutes.

Current speech recognition is not sufficiently accu-
rate and is limited to searching speech tied to time 
information in the hope that important words can be 
recognized. However, in addition to supporting sim-
ple minutes creation, it is hoped that by enabling 
speech recognition for broken utterances, AI will 
become proficient in roles usually played by humans 
(facilitators), such as automatic creation of minutes in 
conjunction with summarization technology, linkage 
with issue-tracking systems by automatic extraction 
of action items, and facilitation of meetings.

3.2   Remote work support
Where remote operations and responses are expect-

ed to grow such as in healthcare and education, incon-
veniences that occur due to interactions not being 
face-to-face will have to be eliminated. In healthcare, 

for example, although it is technically possible to 
operate remote devices with buttons and levers as 
well as recording conversations, unobtrusive AI sup-
port technologies will be required so that the doctor, 
who only obtains a lower-than-normal amount of 
information about the patient through a screen, can 
focus on treatment. Such technologies could be used 
to pass a thermometer in response to “let’s take your 
temperature” or automatically control the lighting 
inside the patient’s mouth in response to “please open 
your mouth.” Linking with dialect-conversion tech-
nology also holds promise for smooth communica-
tions in remote healthcare in rural areas where strong 
dialects are spoken.

In one-to-many classes, which are fundamental in 
education, student levels of understanding are under-
stood through calling on all students for their 
responses. In online classes, however, it is clear that 
cross-talk occurring in such situations makes it diffi-
cult to establish voice communications. Unobtrusive 
AI that will prevent device operations from interfer-
ing with students’ concentration, such as compre-
hending students’ speech with real-time speech-to-
text recognition and executing raised hand commands 
for student responses of “yes,” will likely become as 
indispensable.

3.3   Contact centers
In contact centers, speech recognition technologies 

are being used for operator speech. If speech recogni-
tion results of customer speech can also be obtained 
with sufficient accuracy, speech recognition technol-
ogies could contribute to making business support 
more efficient, reducing operator tasks, increasing the 
number of calls that can be handled, and improving 
customer satisfaction to meet future increasing 
demand on contact centers as various services go 
online.

4.   Use of non-linguistic information

As well as lingual information (text), non-linguistic 
information (gender, age, etc.) and para-linguistic 
information (emotions, intent, attitude) are contained 
in information conveyed through voice communica-
tions. Hence, there is demand to use such information 
to advance speech services in actual business.

We developed RexSenseTM, a software engine that 
can extract non-linguistic and para-linguistic infor-
mation in speech, by studying technologies for recog-
nizing and using non-linguistic and para-linguistic 
information as well as taking initiatives to recognize 
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text information from speech with high accuracy. 
This software engine enables recognition and estima-
tion of (1) speaker attributes (adult male, adult 
female, child), (2) emotions (joy, anger, sadness, 
calmness), (3) questions and non-questions, and (4) 
urgency, with high accuracy from voice data. We also 
developed the RexSense system to enable web appli-
cation programming interface (Web API) services 
integrating this software engine with speech recogni-
tion for uses such as contact center advancement. 
RexSense also makes it possible to provide advanced 
services with robots by giving appropriate responses 
and recommendations according to human emotions 
or to provide advanced digital signage that presents 
more appropriate content (guidance, advertisements, 
etc.) based on non-linguistic information such as 
speaker attributes determined from voice. We expect 
the implementation of advanced voice of customer 
(VoC) analysis in contact centers, more sophisticated 
automated response services in IVR, and provision of 
more advanced audio conferencing solutions using 
non-linguistic and para-linguistic information 
(Fig. 2).

We also developed a customer-satisfaction-estima-
tion technology for analyzing customer-voice charac-
teristics and various conversation characteristics from 
the voices of operators in contact centers and custom-

ers to extract customer satisfaction (satisfaction and 
dissatisfaction) and introduced it to the contact center 
AI solution ForeSight Voice MiningTM; commencing 
services in April 2019. We are developing a response-
likability estimation technology for evaluating the 
likability of operator responses and considering put-
ting it into service. These technologies hold promise 
for applications, such as call analysis (searching for 
good operator-response examples, analysis of cus-
tomer satisfaction, etc.), operator support, operator 
and contact center evaluation, and operator educa-
tion.

5.   Future outlook

By expanding application areas from business sce-
narios and targeting all types of voice communica-
tions, the speech recognition technologies introduced 
in this article are crucial for achieving human Digital 
Twin Computing (DTC) [1], one element of the Inno-
vative Optical and Wireless Network (IOWN) pro-
moted by the NTT Group. In the cyber-physical 
interaction layer in the DTC architecture (Fig. 3), it 
will be necessary to collect the data required to gener-
ate digital twins by sensing real-space things (objects) 
and humans, and speech recognition technologies 
will play an important role in sensing human 

Fig. 2.   RexSenseTM application examples.
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thoughts.
Societies will become more convenient, richer, and 

safer as human DTC and DX of corporate activities 
progress. We will contribute to the creation of such a 
society through R&D of speech recognition technolo-
gies for human-to-human communications. 
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Fig. 3.   Digital Twin Computing architecture.
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1.   Introduction

At NTT Media Intelligence Laboratories, we have 
researched and developed knowledge and language-
processing technology for contact centers for analyz-
ing documents (such as work manuals and frequently 
asked questions) and presenting appropriate docu-
ments to agents handling customers. Not only in 
contact centers but also in offices, it is necessary to 
further improve productivity of agents and employ-
ees. In response to this necessity, we are developing 
technology for understanding and generating large-
scale documents and various responses. We first 
explain a language model for handling documents 
and document-summarization technology using this 
language model then describe interview-support 
technology for analyzing responses between a cus-
tomer and agent. 

2.   Development of natural-language 
understanding by using a language 

model (BERT)

It has been considered difficult for artificial intelli-
gence (AI) to understand human language. However, 

with the advent of Bidirectional Encoder Representa-
tions from Transformers (BERT) [1], announced by 
Google in October 2018, the research and develop-
ment (R&D) of natural-language understanding has 
undergone a large paradigm shift. For example, 
regarding the task called machine reading [2], which 
requires reading comprehension to understand the 
content of text and answer questions, it has been 
reported that AI using BERT greatly exceeded the 
response score of a human. Performance of natural-
language-processing tasks other than machine read-
ing has also improved significantly, and language 
models are attracting attention as a basic technology 
for giving AI the ability of language comprehension. 

A language model estimates the plausibility of sen-
tences (Fig. 1). For example, many people may feel 
that “cake” is more natural than “egg” as the word 
“X” in the sentence “Today is my birthday, so I ate 
[X].” Also, it seems natural that the two sentences 
“It’s a fine day today.” and “It’s a good day to do the 
laundry.” appear consecutively. BERT learns in 
advance such fill-in-the-blank problems (word pre-
diction) and relationships between two consecutive 
sentences (prediction of the next sentence) on the 
basis of a large set of texts such as all Wikipedia  
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sentences. By learning (fine-tuning) with various 
task-dependent datasets, the language model (BERT) 
obtained in this manner can be applied to various 
tasks (such as classifying texts by genre and extract-
ing phrases that will answer questions) and achieve 
high performance even when a large amount of learn-
ing data is not available for the applied task.

BERT has had a great impact on natural-language 
processing, and language models are still being 
researched and constructed all over the world. At 
NTT Media Intelligence Laboratories, while collect-
ing a large amount of Japanese text data and creating 
a Japanese-language BERT, we are researching tech-
nologies that use language models for tasks such as 
summarizing documents [3, 4], retrieving documents 
[5], and answering questions [6, 7]. In each case, high 
performance is achieved by not only simply applying 
BERT but also using the knowledge we have gained 
through our previous research on natural-language 
processing and deep learning. Moreover, by investi-
gating the characteristics and internal operation of 
BERT [8], we are researching with the aim of con-
structing our own language model that remedies the 
shortcomings of BERT. 

3.   Document-summarization technology for 
summarizing documents by specifying length

Document-summarization technology is intro-
duced as a representative example of a technology 

that uses the language model described above. Docu-
ment summarization has been grappled with for many 
years. For customer-contact work such as at contact 
centers, if AI returns a long sentence as a result of 
searching previous calls and answering a customer’s 
question, it will be difficult for the customer to read 
such a long sentence; accordingly, it is desirable to 
appropriately adjust the length of the sentence. 

Given the above-mentioned issue, NTT Media 
Intelligence Laboratories developed a document-
summarization technology that can control sentence 
length by using a neural network [3]. This technology 
consists of a combination of an extractive model 
(which identifies important points in a sentence) and 
abstractive model (which generates a summary sen-
tence from the original sentence). The extractive 
model learns on the basis of the language model. By 
controlling the number of important words output by 
the extractive model according to the specified sen-
tence length and by generating a summary sentence 
based on both the important words and the original 
sentence, it was possible to establish a technology 
that can control sentence length and summarize with 
high accuracy. 

This document-summarization technology is used 
as the core engine of the COTOHATM API summari-
zation function developed by NTT Communications 
[9]. COTOHA Summarize offers a service for output-
ting a summary text when a document is input and 
provides our customers a free tool for generating 

Fig. 1.   Language model BERT.
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summary texts of sites browsed with a web browser. 
We plan to further develop this technology for the 
NTT Group.

We will continue to advance R&D to improve this 
summarization technology, which includes not only 
document summarization but also summarization 
that targets dialogue and summarization that allows 
the viewpoint and keywords of the summarization to 
be specified externally. To further strengthen the 
competitiveness of our language model, we plan to 
continue technological development while incorpo-
rating the results of our latest research on language 
processing. Such work will include scaling up the 
model, constructing a generative language model for 
generating more-natural sentences, and establishing 
summarization technology based on that model [4].

4.   Technology for using knowledge obtained 
from contact-center calls

4.1   Challenges in supporting customer contacts
NTT Media Intelligence Laboratories developed an 

automatic knowledge assistance system [10]. This is 
a technology that automatically retrieves and presents 
documents according to the content of a conversation 
with a customer. By supporting the agent with knowl-
edge and responding promptly to customers with 
appropriate information, it became possible to 
improve relationships with customers. 

However, contact centers are required to play a new 
role as the business style changes due to the digital 
transformation (DX) of offices and the spread of the 
novel coronavirus. One of these roles is as a sales 
method called inside sales. Inside sales is explained 
as follows. In contrast to the conventional sales 
method, namely, a full-time salesperson conducts 
face-to-face sales to understand customer needs and 
conclude business negotiations, inside sales is based 
on (i) maintaining continuous communication with 
the other party while gathering information (such as 
understanding needs) that triggers business negotia-
tions via telephone or web conference and (ii) dis-
patching a salesperson when the possibility of receiv-
ing an order or contract increases. The number of 
contact centers that handle customers by using inside 
sales is increasing. The challenges facing contact 
centers playing this role are as follows. 

•	 �Further improvement of agent or productivity: 
When creating a report after finishing a call, it is 
necessary to support the extraction of important 
information in the response from business nego-
tiations in which the flow of conversation is 

complicated and the topics are diverse.
•	 �Improvement of productivity of sales-informa-

tion analysis: From the standpoint of the agents’ 
supervisor, it is necessary to understand and 
analyze the likelihood of making contracts, the 
tendency of customer needs, and other conversa-
tional tendencies included in business negotia-
tions between each agent and customers. Plan-
ning and agent operations are then improved on 
the basis of the analyzed information. It is thus 
necessary to support such analysis and improve-
ment work.

4.2   Interview-support technology
To address the above-mentioned challenges, we 

developed interview-support technology. This tech-
nology consists of two elements (Fig. 2). The first 
specifies a series of responses to the customer for 
each section of the topic. The second extracts impor-
tant utterances such as questions, answers, and expla-
nations from the sections specified by the former. 

A characteristic of a business conversation that 
draws out issues and requests concerning a customer 
is that the topic continuously changes according to 
the answers given by the customer. Since conven-
tional technology cannot cope with such a dynamic 
situation, we developed a means of firmly determin-
ing the point at which the topic changes. This is the 
first feature of the interview-support technology. Sec-
tions of the same topic are specified by machine 
learning using characteristic expressions at the point 
of change of the topic appearing in a conversation, 
and the type of topic is acquired by machine learning 
using characteristic expressions in the topic. The sec-
ond feature of this technology is that the utterances of 
questions and answers of agents and customers for 
each topic are extracted by machine learning using 
characteristic expressions included in important 
utterances such as questions and answers. 

By using the text of a call that is divided into sec-
tions for each topic by using the interview-support 
technology, after the call, the agent can quickly iden-
tify the points at which he/she heard about the cus-
tomer’s needs and budget and create a report based on 
that information. Moreover, by collecting such infor-
mation from many calls, it becomes possible to sup-
port the analysis of sales information. We aim to 
apply this technology to responses via voice but also 
via online chat (text messages), which has been 
increasing in popularity. 



Feature Articles

62NTT Technical Review Vol. 18 No. 12 Dec. 2020

5.   Concluding remarks

We introduced our language model, document-
summarization technology, and interview-support 
technology. Going forward, we plan to work on two 
technologies for understanding and generating large-
scale documents and various responses: (i) a technol-
ogy that can read various document layouts and 
search for necessary information at high speed and 
high accuracy and (ii) a technology that supports stra-
tegic conversations by grasping the details of a con-
versation and extracting needs that customers may 
have difficulty noticing themselves.
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1.   What is a 4D digital platform?

The four-dimensional (4D) digital platform collects 
various sensing data concerning people, things, and 
environments in real time, and matches and integrates 
4D information such as latitude, longitude, altitude, 
and time with high accuracy. In other words, it is a 
platform that enables data fusion with various indus-
trial platforms as well as future prediction (Fig. 1). 
By combining the 4D digital platform and various 
data collected from Internet of Things, the platform 
makes it possible to determine the exact position of 
various mobile objects in geographic space, and vari-
ous future predictions based on that data will become 
possible. We thus believe that it can be used in various 
applications such as smoothing road traffic, optimiz-
ing the use of urban assets, and maintaining social 
infrastructures.

Regarding the elemental technologies that make up 
the 4D digital platform, namely, spatial-information 

processing technologies necessary for constructing 
an advanced geospatial-information database with 
high accuracy and abundant semantic information, 
we are promoting the research and development of (i) 
real-world digitalization technologies for detecting 
features from images and sparse and low-density 3D 
point clouds and (ii) 4D-point-cloud coding technol-
ogy for efficiently storing and using 3D data includ-
ing time changes. We introduce both technologies 
and discuss the status of our efforts concerning them.

2.   Real-world digitalization technologies

To construct an advanced geospatial-information 
database, it is necessary to maintain highly accurate 
3D spatial information centered on roads; however, 
satisfying this requires enormous cost and effort. 
Specifically, a costly dedicated vehicle equipped with 
a sensing device called laser-imaging detection and 
ranging (LiDAR) and a manual process for generating 
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maps are required. 
To efficiently collect high-precision 3D spatial 

information, we are researching and developing real-
world digitalization technologies that automatically 
and highly accurately detect various natural and arti-
ficial objects near roads from a combination of sparse 
and low-density 3D point clouds (measured with low-
cost LiDAR) and images taken with a camera (Fig. 2). 

Our real-world digitalization technologies include: 
(i) 3D-data high-resolution enhancement technology 
for generating high-resolution 3D data from sparse 
3D point clouds based on images and videos; (ii) 
3D-scene understanding and state-estimation tech-
nology for recognizing entire scenes (including com-
plex shapes) and understanding states; and (iii) 
3D-moving-object detection technology for using the 
sensing data obtained from moving-body sensors (in 
addition to 3D point clouds and images) to determine 
the position and orientation of vehicles and people. 
We also discuss our latest research achievements con-
cerning our 3D-data high-resolution enhancement 
and 3D-scene understanding and state-estimation 
technologies. 

2.1   �3D-data high-resolution enhancement tech-
nology

The 3D-data high-resolution enhancement technol-
ogy increases the resolution of 3D data, namely, a 3D 
point cloud with texture, from a combination of 
sparse and low-density 3D point clouds (measured by 
low-cost LiDAR) and images taken with a camera. 
Three-dimensional measurement with low-cost 
LiDAR provides sparse measurement results, and 
although 3D measurement is possible regardless of 
distance, the measurement results include noise. On 
the contrary, images taken with a camera contain 
dense data; however, stereoscopic 3D measurement 
using multiple images is not highly accurate for dis-
tant objects. We believe it is possible to generate 3D 
data with the same measurement accuracy as LiDAR 
and the same density as images taken with a camera 
while removing noise by processing the information 
from both LiDAR and camera data in an integrated 
manner. 

We are working in stepwise on the research and 
development of the 3D-data high-resolution enhance-
ment technology. Under the assumption that data are 
measured while a vehicle with in-vehicle sensors is 

Fig. 1.   Conceptual diagram of 4D digital platform.
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moving, the amount of information that we will inte-
grate increases as follows for improving accuracy: (i) 
one image and one frame of LiDAR measurement 
data, (ii) multiple images and one frame of LiDAR 
measurement data, and (iii) multiple images and mul-
tiple frames of LiDAR measurement data that are 
continuous in a time series. Note that “one frame” of 
LiDAR measurement means data for one measure-
ment over 360 degrees. Although it depends on the 
LiDAR equipment, LiDAR measures 360 degrees of 
the surroundings while rotating about 10 times per 
second.

We now introduce the 3D-data high-resolution 
enhancement technology, which derives high-density 
3D data in real time without supervision from a single 
image and a sparse 3D point cloud measured by 
LiDAR. 

First, a 3D point cloud measured by LiDAR is pro-
jected onto an image to generate an image that holds 
depth information called a depth map. The depth map 
created in this manner is referred to as a sparse depth 
map with many pixels that do not have depth values 
(Fig. 3). 

This sparse depth map is processed using the input 
image as a clue to generate a dense depth map in 
which all pixels have a depth value. Such a method 
can be called depth completion. Even though depth 
completion had been developed, the conventional 
method generates a dense depth map for pixels that 

do not have depth by smoothly connecting the 
observed depth values [1]. This conventional depth 
completion is effective for complementing continu-
ous observations between sparse observations; how-
ever, it smoothly interpolates the depth between dif-
ferent objects (Fig. 3). 

To solve this problem, we previously proposed a 
method for smoothly connecting the observed depth 
values while adding a constraint that the change in 
depth becomes discontinuous when it straddles an 
object [2]. Compared with the conventional depth 
completion, our method not only improves accuracy 
but also obtains natural results when the depth map is 
visualized as 3D data (Fig. 3). In the future, we will 
further improve accuracy by increasing the amount of 
information to be integrated in the manner described 
above.

2.2   �3D-scene understanding and state-estimation 
technology

The 3D-scene understanding and state-estimation 
technology is used for analyzing an entire scene 
(including complex shapes) and understanding its 
state. The aim with this technology is to automati-
cally identify object areas such as buildings and roads 
from 3D data obtained from LiDAR and cameras and 
estimating states such as position and orientation. 

The construction of an advanced geospatial infor-
mation database faces two technical challenges: (i) 

Fig. 2.   Real-world digitalization technologies.
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being able to identify various natural and artificial 
objects near roads and (ii) keeping high classification 
accuracy while using data splitting and sampling to 
efficiently process large-scale (large-area and high-
density) 3D data. To address the first challenge, we 
have been researching deep-learning-based point-
cloud classification methods for making it easier to 
identify various objects. To address the second chal-
lenge, the problem that the identification accuracy 
decreases due to data splitting and sampling in deep-
learning based methods needs to be solved. 

We are working on solving this tradeoff between 
efficiency and classification accuracy. We experimen-
tally identified that random sampling, often used to 
improve processing efficiency, deteriorates classifi-
cation accuracy. Therefore, we are developing a deep-
learning-based object classification model with sam-
pling method that takes into account local shape 
around each 3D point of point clouds. 

Specifically, high classification accuracy is achieved 
by executing the deep-learning-based classification 
process with a sampling method that preferentially 
leaves the points that have high distinguishability 
with respect to other points and do not change due to 
rotation or translation of the object instead of random 

sampling [3]. This research is just beginning; accord-
ingly, we would like to improve the performance of 
object identification through technical improvement 
and application in real environments. 

3.   4D-point-cloud coding technology

In the real world, each person has a different pur-
pose, and we use objects that have substance and take 
actions that suit our purposes. In this world, things 
change with the passage of time. There are various 
scales for purposes, objects, and units concerning the 
people involved, and the scales differ according to the 
action. We expect that the ability to acquire and reuse 
the states of things in the real world, which have dif-
ferent spatial and temporal scales, can provide a 
diversity of value to people. Aiming to use point 
clouds for various purposes, we are researching and 
developing 4D-point-cloud coding technology.

The method called LASzip has been applied for 
compressing a 3D point cloud. And the ISO/IEC*1 
international standardization is currently promoting 

Fig. 3.   3D-data high-resolution enhancement technology using one image and one frame of LiDAR measurement.

Input Result obtained from the 
conventional method

(Upper row: depth map; middle row: 3D data representation of “upper row”; lower row: enlarged view of “middle row”)

Results obtained from 
our method

*1	 ISO/IEC: The International Organization for Standardization 
(ISO)/International Electrotechnical Commission (IEC)
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international standardization of a point-cloud coding 
method under the name MPEG*2 geometry-based 
point cloud compression (G-PCC). Neither method 
has a mechanism for preserving temporal changes, so 
they are insufficient for our purpose. We are research-
ing and developing a representation and compres-
sion-coding method for point-cloud data that is based 
on our knowledge of video coding that expresses 
changes over time as differences in the latest point-
cloud data. 

The 4D-point-cloud coding technology is illustrat-
ed in Fig. 4. Since some of the spatial information can 
be obtained when acquiring point-cloud data, the 
entire space to be expressed is divided into a grid. 
When the grid is made, it has a structure of multiple 
sizes (spatial layers) in the form of recursive inclu-
sion, just like a matryoshka doll. The grid of each 
minimum unit can possess point-cloud data, and the 
grid of the point-cloud data is expressed by a grid of 
the intermediate hierarchy. As a result, point-cloud 
data in the entire space can be compactly represented 
by a hierarchical grid. Also, if it is desirable to replace 

some data with the latest point cloud data, point-
cloud data partially included in the grid is replaced. 
While the point-cloud data are updated and the entire 
space is re-encoded, some of the past data are com-
pressed and encoded as a difference in point-cloud 
data. As a result, the latest data can be decoded and 
expressed at any time, and the functionality that par-
tially traces back to the past can be achieved. The 
functionality of compression coding as a difference in 
point-cloud data can be applied to quickly detect an 
object that was not there in the past. It is assumed that 
MPEG G-PCC will be used for compression encod-
ing of point-cloud coordinate data. 

We believe that the following use cases can be 
applied by compressing, encoding, and storing a 
point cloud by using this method. By acquiring point 
clouds from vehicles traveling on the same roads in a 
city every day, it becomes possible to obtain information 

Fig. 4.   Overview of 4D-point-cloud coding technology.

Point-cloud data (saved data)
with time-series information

Latest point-
cloud data

Collected with 
LiDAR

Various changes are saved in a
form that can be detected and

reproduced.

Among the stored data, only the changed 
portion is updated to the latest data. These 
data are hierarchically compressed and 
encoded in a form that enables them to be 
restored as had been in the past.

*2	 MPEG: The Moving Picture Experts Group (MPEG) is a work-
ing group of ISO/IEC that develops standards for coded represen-
tation of digital audio and video and related data.
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in real time about things that do not usually exist. 
Moreover, when a change is found, it becomes pos-
sible to reproduce the state before the change 
occurred retroactively in the past and simulate a secu-
lar change. 

To apply these use cases, 4D-point-cloud coding 
technology, which can be used to store the point 
cloud (including temporal changes), will be indis-
pensable. We will continue to promote research and 
development of 4D-point-cloud coding to make the 
real world more convenient.

4.   Future developments

For constructing an advanced geospatial informa-
tion database with high accuracy and abundant 
semantic information, the following technologies are 
being developed: (i) real-world digitalization for 
detecting features with high accuracy from images 
and sparse and low-density 3D point clouds and (ii) 

4D-point-cloud coding that efficiently stores and uses 
3D data (including temporal changes). 

We will continue to study the means of establishing 
each of these technologies and evaluate their perfor-
mances with actual data through demonstration 
experiments, and in doing so, we will contribute to 
establishing a 4D digital platform.
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1.   Introduction

In 2010, when NTT DOCOMO began its Long 
Term Evolution (LTE) services, we started investigat-
ing fifth-generation mobile communications systems 
(5G) with the goal of implementing them within ten 
years. We studied the basic concepts and radio access 
technologies for 5G, prototyped 5G simulators, and 
in 2014, we published a 5G white paper [1]. That 
same year, we also began 5G trials in collaboration 
with individual hardware vendors from around the 
world, and evaluation of 5G frequencies and radio 
access technologies. We also expanded collaboration 
in 5G trials with various partner enterprises around 
the world and developed many use cases for features 
of 5G through joint trials with these partners. In Feb-
ruary 2018, we started the NTT DOCOMO 5G Open 
Partner Program to promote co-creation of solutions 
with partner organizations. This article reviews these 
initiatives at NTT DOCOMO, from proposing basic 
5G concepts to co-creation of solutions through trial 
activities.

2.   Preparing for publication of the 5G  
white paper (2010 to 2014)

In about 2010, looking forward to 2020, mobile 
communication traffic was expected to increase rap-

idly, by a factor of 1000 in ten years, so to meet such 
requirements, we proposed a “cube” concept 
(improve spectral efficiency*1 × expand frequency 
bandwidth × increase network density) as a direction 
for technical advancement [2]. In around 2011, we 
proposed specific technical candidates for imple-
menting this cube concept, such as a radio access 
technology combining the existing low-frequency 
bands with high-frequency bands of 6 GHz or greater 
[3]. Then, around 2012, requirements that are now 
features of 5G in addition to high speed and capacity 
came to light, including low latency and many-termi-
nal connectivity, and the current definition of 5G 
combining extensions to LTE and a new radio access 
technology (New RAT)*2 was proposed [4]. By about 
2013, the technical concepts described in the 5G 
white paper published in 2014 were largely complete, 
including services and applications anticipated for 
the 5G era [5]. In this way, the basic concepts and 
radio access technologies for 5G advanced, building 
consensus with major companies around the world, 
and also including proposals from other companies 
that shared requirements and other concepts, such as 
exploiting higher frequency bands [6, 7]. 

History of 5G Initiatives
Yoshihisa Kishiyama and Satoshi Suyama

Abstract
In March 2020, NTT DOCOMO began providing commercial fifth-generation mobile communica-

tions systems (5G) services, which we have been studying since about 2010. Since then, we have 
steadily released products supporting 5G, including six smartphone models and one data communica-
tions device (a Wi-Fi router), and have introduced seven services utilizing the high speed and high capac-
ity of 5G, such as “Shintaikan Live CONNECT,” which enables multi-angle (multi-viewpoint) and vir-
tual-reality live viewing.

This article describes the history of NTT DOCOMO’s development work and co-creation with partner 
companies and organizations in actualizing 5G, from when we started studying 5G through to provision 
of these services.
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*1	 Spectral efficiency: The number of data bits that can be transmit-
ted per unit time and unit frequency.

*2	 New RAT: A new radio interface standard that is not backward 
compatible with 4G LTE. Also referred to as 5G New Radio.



Feature Articles

72NTT Technical Review Vol. 18 No. 12 Dec. 2020

Initially, NTT DOCOMO used the name “future 
radio access” externally, but the name “5G” was first 
used in October 2013 at CEATEC. At this first exhib-
it of 5G, a demonstration was given using a simulator 
to visualize the basic 5G concepts and radio access 
technologies, which received the Minister for Internal 
Affairs and Communications CEATEC Award 2013 
[8]. As shown in Fig. 1, development of the 5G simu-
lator continued after that, with updates such as the 
stadium model. Around the time when the “5G” was 
first used, the focus for the 5G radio access technol-
ogy was on using high-frequency bands efficiently, 
with massive multiple-input multiple-output (Mas-
sive MIMO)*3, in 5G research projects such as 
Mobile and wireless communications Enablers for 
the Twenty-twenty Information Society (METIS)*4 in 
Europe. NTT DOCOMO participated in METIS, 
leading proposals for technologies such as Phantom 
cells*5 (C/U (control and user plane) separation) [9] 
and non-orthogonal multiple access (NOMA)*6 [10]. 
These radio technologies and simulator prototyping 
were also published in the “DOCOMO 5G White 
Paper,” as the latest work at the time [1].

3.   5G trials and development of use cases 
(2014 to 2020)

3.1   �NTT DOCOMO initiatives with partner 
enterprises

To verify 5G frequencies and key radio access tech-
nologies, NTT DOCOMO conducted 5G trials col-
laborating individually with major global vendors. In 
May 2014, we announced joint testing with six com-
panies [11], and in July 2015, we expanded this to 13 
companies [12]. Through joint testing with each of 
these companies, we verified 5G radio access tech-
nologies such as Massive MIMO in frequency bands 

Fig. 1.   History of 5G Simulator.

2016201520142013

3GPP Cell model Shinjuku model Stadium model
Rural model

(YRP version)
Rural model

(Ise-Shima version)

<Demo content>
Effects of introducing 5G and 5G+:
Phantom cell structure with macrocell (3 
sectors/macrocell, 2 GHz band, 20 MHz 
bandwidth, 2×4 MIMO) and small cells (12 
small cells/sector, 5 GHz band, 200 MHz 
bandwidth, 128×4 massive MIMO). 
System throughput will be increased by 
400x for 5G, over 1000x for 5G+.

Real-time transmission and smooth 
playback of 4K high-definition video

<Demo content>
5G application in high-density environments:
Achieve over 100 Mbit/s per user through 5G
Enable simultaneous download of 4K 
resolution video by multiple users

*3	 Massive MIMO: Large-scale MIMO using a very large number 
of antenna elements. Massive MIMO is expected to be useful for 
5G because antenna elements can be miniaturized when using 
high-frequency bands, and many elements can be placed within 
the same area.

*4	 METIS: A European Union’s research project laying the founda-
tion of 5G wireless technology. Ran from November 2012 to 
April 2015. Participants included communication vendors, mo-
bile carriers, and universities. A successor project, METIS-II ran 
from July 2015 to June 2017.

*5	 Phantom cell: The name of the advanced small-cell system pro-
posed by NTT DOCOMO, with the basic concept of C/U plane 
separation. Reflected under Dual Connectivity in 5G standardiza-
tion.

*6	 NOMA: A method for improving efficiency of multiple access by 
permitting resources to overlap among users when allocating re-
sources such as time, frequencies, or codes to multiple users.
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up to the 70 GHz band, and in February 2016, we 
successfully conducted the world’s first multi-user 
5G communication tests, achieving total throughput 
exceeding 20 Gbit/s in an outdoor environment 

(Fig. 2). Results of other major 5G radio technology 
trials published in press releases are shown in 
Table 1. By March 2018, we had given 170 confer-
ence presentations based on these 5G trials [13].

Fig. 2.   20 Gbit/s field trial.

Massive-MIMO antenna

Mobile
station #2

Mobile
station #1

Base station
antenna

Two-user total
throughput

NTT DOCOMO R&D Center

Table 1.   Major results in 5G radio technology trials (press releases).

Press release date
 (year/month/day) Test results Trial partner

2015/3/3 Successful reception of data at over 4.5 Gbit/s using the 15 GHz band Ericsson

2015/3/3 Successful reception of data at over 2 Gbit/s using the 70 GHz band Nokia

2015/11/26 Successful communication tests at over 2 Gbit/s in real environments with commercial  
equipment using the 70 GHz band Nokia

2015/11/26 Successful data communication receiving over 2.5 Gbit/s in a high-speed mobile environment 
traveling at approximately 60 km/h using the 28 GHz band Samsung

2016/2/22 Successful multi-user 5G communication trial achieving capacity over 20 Gbit/s in an outdoor 
environment using the 15 GHz band Ericsson

2016/5/24 Successful real-time 5G transmission of 8K video using the 70 GHz band Nokia

2016/11/16 Successful 5G wireless data transmission at 2.5 Gbit/s while moving at high-speeds of 150 
km/h using the 28 GHz band Samsung

2016/11/16 High-speed, high-capacity communication achieved between 23 terminals distributed in an 
outdoor environment, totaling 11.29 Gbit/s, using the 4.5 GHz band Huawei

2017/11/2 Successful field trial of 5G ultra-reliable, low-latency communication (URLLC) using the 4.5 
GHz band Huawei

2017/11/2 Successful trial increasing spectral efficiency using the world’s first smartphone-sized NOMA 
chip set MediaTek

2017/11/6 Successful 5G trials for implementing connected cars in the Odaiba area using the 28 GHz 
band Toyota, Ericsson, Intel

2018/4/23 Successful 5G wireless communication trials in an ultra-high-speed environment of 300 km/h 
using the 28 GHz band NEC

2018/5/23 Successful 5G wireless communication with multiple mobile terminals, reducing interference 
using cooperative beamforming among 4.5 GHz base stations NEC

2018/7/25 Successful 5G communication for connected cars using “vehicle glass mounted antenna” and 
using the 28 GHz band AGC, Ericsson

2018/11/22 Successful field trial of 27 Gbit/s communication using the 28 GHz band Mitsubishi Electric

2019/5/29 Successful communication using a glass antenna for 5G terminals using the 28 GHz band AGC, Ericsson
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Starting around 2016, we have developed various 
use cases utilizing features of 5G in collaboration 
with partner enterprises in various industries [14]. To 
date, we have conducted 430 service trials (as of June 
2020), such as building 5G trial sites as 5G test envi-
ronments in the Tokyo Rinkai Fukutoshin district 
(Odaiba/Aomi areas) and the Tokyo Skytree Town 
neighborhood. 

3.2   MIC 5G field trial initiatives (2017 to 2019)
Over three years starting in FY2017, the Ministry 

of Internal Affairs and Communications (MIC) has 
conducted the 5G Field Trials, toward creation of new 
markets and new services and applications, with par-
ticipants from various application fields [15]. The 
content of 5G field trials conducted by NTT DOCO-
MO throughout Japan with collaboration partners 
over the three years is shown in Table 2. Trial group 
GI conducted field trials in low-speed mobile envi-
ronments, while trial group GII conducted field trials 
in high-speed mobile environments (60 km/h and 
greater). In 5G field trials in FY2017, GI conducted 
trials of 10 Gbit/s ultrahigh-speed communication in 
densely populated areas and service and application 
trials using 4.5-GHz and 28-GHz bands in the appli-
cation fields of entertainment, smart city, and medi-
cine [16]. NTT DOCOMO also participated in 
2-Gbit/s high-speed communication trials while 
moving at high speed (GII), which were conducted 
mainly by NTT Communications, with entertainment 
field trials communicating using the 28-GHz band 
while traveling at the high speed of 90 km/h [16]. 

In 5G field trials in FY2018, we conducted trials at 
ultrahigh-speeds (GI) averaging 4 to 8 Gbit/s in an 
outdoor environment to verify both maximum and 
average 5G performance, and in office/workplace 
environments in addition to the three application 
fields tested in FY2017 [17]. We also conducted trials 
of high-speed communication averaging 1 Gbit/s for 
fast-moving objects traveling at 60 to 120 km/h (GII), 
and in the field of transportation in addition to enter-
tainment [17]. 

In January 2019, MIC held the 5G Utilization Ideas 
Contest, with the objective of uncovering unique 
ideas that can resolve various issues that arise in out-
lying areas [18]. 5G field trials in FY2019 empha-
sized user models that use 5G to solve regional issues 
or contribute to regional revitalization, encompassing 
results from the idea contest described above, and 
from earlier technology trials. This involved trials 
with various new collaboration partners in various 
application fields [19]. 

4.   Creating solutions with partners

To expand initiatives for creating new user scenari-
os with a wide range of partners, NTT DOCOMO 
started the DOCOMO 5G Open Partner Program in 
February 2018 (Fig. 3). This program provided infor-
mation regarding 5G technologies and specifications 
to partner enterprises and organizations, and 5G Part-
ner Workshops as a place for them to exchange ideas 
with each other. As of the end of June 2020, there 
were 3440 partners participating. 

NTT DOCOMO also operates the DOCOMO 5G 
Open Lab as a permanent 5G technology test bed, 
providing partners with test equipment free of charge, 
such as 5G test base stations and video transmitters 
connected to mobile test stations. By participating in 
this program, partner enterprises and organizations 
can build and test services using 5G early, before 
commercial services begin, improving the quality of 
their own services and creating new services using 
the features of 5G, which are high speed, high capac-
ity, low latency, and multi-terminal connectivity. As 
of the end of June 2020, DOCOMO 5G Open Lab had 
11 locations in Japan and internationally. DOCOMO 
5G Open Lab is also providing the DOCOMO Open 
Innovation Cloud trial environment connected direct-
ly to cloud computing infrastructure and is conduct-
ing technology verification.

NTT DOCOMO also began the 5G pre-commercial 
service in September 2019. It uses the same network 
equipment and frequency bands as 5G commercial 
services, and represents the start of services substan-
tially the same as connecting to a 5G commercial 
service, enabling business creation to begin in ear-
nest, and allowing users to experience an environ-
ment equivalent to a 5G commercial service. The 5G 
pre-commercial service is for the over-3000 partners 
participating in the DOCOMO 5G Open Partner Pro-
gram, and by lending out terminals that support the 
5G pre-commercial service together with provision 
of 5G Open Lab, over 200 of field trials have been 
conducted throughout Japan, toward creating indus-
tries using 5G and solving social issues. From these, 
seven services and 22 solutions produced through 
co-creation with all of our partners, such as Shintai-
kan Live CONNECT, were announced at the start of 
5G services, focused on solving social issues such as 
advancing industry and reform work practices. In the 
future, we intend to provide new kinds of value 
related to work practices, utilizing the 5G features of 
high speed, high capacity, and low latency, and focus-
ing on areas such as remote work support and  
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Table 2.   Location and details of 5G field trials conducted, 2017 to 2019.

Trial 
group Application field Use case Location

Fiscal year

2017 2018 2019

GI

Entertainment

(1) Live music VR experience using 5G Sumida Ward, Tokyo

(2) MR communication using 5G Sumida Ward, Tokyo

(3) 8K video multichannel MMT transmission using 5G Sumida Ward, Tokyo

(4) 4K low-power digital signage using 5G Sumida Ward, Tokyo
(5) High-definition video transmission in a shopping-mall 
environment Sumida Ward, Tokyo

(6) Live viewing of a sports event using 5G Yokohama City, 
Kanagawa Prefecture

(7) Ultra-high-definition video transmission to steam locomotive 
“SL Taiju” using 5G

Nikko City, 
Tochigi Prefecture

(8) Tourism promotion using 5G and 8K video Kyoto City, 
Kyoto Prefecture

(9) Live video distribution for wheelchair basketball using 5G Kamakura City, 
Kanagawa Prefecture

(10) Remote museum visits using 5G and VR technology Katsuyama City, 
Fukui Prefecture

(11) Live viewing of tourism events using 5G Aizuwakamatsu City, 
Fukushima Prefecture

(12) Remote live support for sporting events using 5G Kawasaki City, 
Kanagawa Prefecture

(13) Promoting tourism in Okinawa Prefecture with 5G and Body 
Sharing technology

Nago City Region, 
Okinawa Prefecture

(14) Real-time cloud editing/relay solution using 5G Sendai City, 
Miyagi Prefecture

Smart city

(1) Facilities monitoring using 5G Koto Ward, Tokyo

(2) Wide area surveillance using elevated cameras and 5G Sumida Ward, Tokyo

(3) Car security using 5G Kamiyama Town, 
Tokushima Prefecture

(4) Rural monitoring services using 5G Aizuwakamatsu City, 
Fukushima Prefecture

Medicine

(1) Remote medical examination and treatment using 5G

Wakayama City, 
Wakayama Prefecture
Hidakagawa Town, 
Wakayama Prefecture

(2) Advanced urgent conveyance solutions using 5G Maebashi City, 
Gunma Prefecture

(3) Monitoring and behavior understanding using highly 
accurate face recognition authentication, sensors, and 5G

Hiroshima City, 
Hiroshima Prefecture

Workplace
(1) Mobile satellite offices using 5G Kamiyama Town, 

Tokushima Prefecture

(2) Ensuring work safety for highly skilled workers using 5G Imabari City, 
Ehime Prefecture

Smart life
(1) Transmission of traditional arts using 5G (remote education) Nakatsugawa City, 

Gifu Prefecture

(2) Lifestyle support through visualization of sound using 5G Nakatsugawa City, 
Gifu Prefecture

GII

Entertainment

(1) Transmission of high-definition video to high-speed moving 
objects using 5G

Tochigi, Kanuma Cities, 
Tochigi Prefecture;
Kasukabe City, 
Saitama Prefecture

(2) Guidance at a golf course using 5G Nagano City, 
Nagano Prefecture

Transportation

(1) Monitoring for safe operation of high-speed trains using 5G Takatsuki City, 
Osaka Prefecture

(2) Driving assistance during heavy fog using 5G Oita City Region, 
Oita Prefecture

(3) Support ensuring subway safety using 5G Osaka City, 
Osaka Prefecture

Smart city

MMT: MPEG Media Transport MR: mixed reality VR: virtual reality

(1) Protection against snow damage using 5G (improving 
efficiency of snow removal)

Eiheiji Town, 
Fukui Prefecture
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high-definition video transmission.

5.   Conclusion

In this article, we described the path leading to the 
start of 5G services by NTT DOCOMO. In the future, 
NTT DOCOMO will continue to study technologies 
and conduct research and development, with the goal 
of further advancing 5G.

This article is the reproduction of the special article 
published in NTT DOCOMO Technical Journal (Vol. 
22, No. 2, Oct. 2020). 
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1.   Introduction

At the 3rd Generation Partnership Project (3GPP) 
Technical Specification Group (TSG) #84 plenary 
meeting held in June 2018, 3GPP Release 15 specifi-
cations were declared frozen marking the completion 
of the initial fifth-generation mobile communications 
systems (5G) standard. The 5G standard is a new 
radio access specification called New Radio (NR). It 
features a new core network*1 called the 5G core net-
work (5GC) and includes functions for linking with 
the existing Long Term Evolution (LTE)/Evolved 
Packet Core (EPC)*2 system.

At 3GPP, 5G standardization envisioned the fol-
lowing three usage scenarios based on the ITU-
RM.2083 vision recommendation issued by the Inter-
national Telecommunication Union - Radio Commu-
nication Sector (ITU-R) in September 2015: (i) 
enhanced mobile broadband (eMBB), (ii) massive 
machine type communications (mMTC), and (iii) 
ultra-reliable and low-latency communications 
(URLLC). Studies for Release 14 commenced in 
March 2016 with a study item (SI) established on 
requirements and elemental technologies. This was 
followed by studies for Release 15 from March 2017 
with a work item (WI) established on detailed speci-

fications.
NTT DOCOMO proactively contributed to the for-

mulation of 5G specifications at 3GPP over the two-
year, three-month period from the beginning of 
Release 14 to the completion of Release 15. This 
contribution included technical proposals, compila-
tion of specifications, and Chairman and Vice Chair-
man roles at meetings. During this time, the number 
of contributions to 5G specifications submitted by 
NTT DOCOMO came to approximately 3700 items, 
which ranked ninth among worldwide companies and 
first as a mobile operator [1]. NTT DOCOMO was 
also evaluated as first among mobile operators in 
terms of the number of 5G candidate essential-patent 
applications [2].

In parallel with these 3GPP standardization activi-
ties, NTT DOCOMO established the Open Radio 
Access Network (O-RAN) Alliance with AT&T, 
China Mobile, Deutsche Telekom, and Orange in 
February 2018. Aiming to construct a highly extendible, 
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*1	 Core network: A network consisting of packet transfer equip-
ment, subscriber information management equipment, etc. Mo-
bile terminals communicate with the core network via the radio 
access network.

*2	 EPC: A core network that can accommodate diverse radio access 
systems including LTE.
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open, and intelligent next-generation radio access 
network*3 as typified by 5G, the O-RAN Alliance has 
been working to (i) promote open interfaces with 
high interoperability, (ii) apply virtualization and 
white box*4 schemes to radio network equipment, 
and (iii) leverage artificial intelligence (AI) and big 
data.

As a result of these efforts, 3GPP Release 15 speci-
fications were completed in June 2018 and O-RAN 
fronthaul*5 specifications were completed in March 
2019 thereby opening the door to development for 5G 
commercial services.

This article describes the activities involved in the for
mulation of 5G specifications and NTT DOCOMO’s 
contributions to this effort.

2.   Activities toward early formulation of 5G 
specifications at 3GPP and contributions

In the formulation of 5G specifications at 3GPP, 
studies on NR, the new radio access system, pro-
ceeded with the aim of standardizing specifications 
targeting use cases for achieving parts of eMBB and 
URLLC in Release 15 and standardizing remaining 
specifications including URLLC and mMTC in the 
next stage consisting of Release 16 and beyond. Here, 
it was decided to formulate specifications in a sys-
tematic manner through stepwise standardization of 
5G that encompasses a wide array of requirements 
and use cases. For example, standardization activities 
would first tackle specifications for the case of com-
bining and operating 4G base stations and the 4G core 
network with 5G base stations in a scheme called 
“non-standalone” operation and then take up all 
specifications in the next stage including “stand-
alone” operation that enables operation with only 5G 
base stations and the 5G core network.

NTT DOCOMO made major contributions not only 
to promoting 5G standardization overall but also to 
early formulation of 5G specifications. Specifically, 
while guaranteeing the standardization of non-stand-
alone operation and standalone operation in the same 
release (Release 15) by June 2018 as originally 
scheduled, NTT DOCOMO and 47 other companies 
jointly submitted to 3GPP a document stating that 
specifications for non-standalone operation would be 
completed by December 2017 thereby contributing to 
early formulation. This early completion of specifica-
tions helped to accelerate the worldwide deployment 
of commercial 5G.

3.   Activities and contributions in 3GPP TSG 
Service and System Aspects/Core Network 

and Terminals

At 3GPP, TSGs carry out technical studies under 
the Project Coordination Group that oversees all proj-
ects. These TSGs consist of three groups: TSG Ser-
vice and System Aspects (SA), TSG Core Network 
and Terminals (CT), and TSG Radio Access Network 
(RAN). The first of these, TSG SA, studies use cases 
and derives system requirements, decides on archi-
tecture and derives requirements for individual func-
tions, and decides on the flow of information between 
functional units and the operation of individual func-
tions. It also prescribes specifications for each of the 
above items. TSG CT, meanwhile, prescribes proto-
cols between terminals and the core network and 
between functional units within the core network plus 
detailed specifications for an external application 
programming interface (API) for third-party users 
and for a universal subscriber identity module 
(USIM)*6. Among its work in prescribing 5G specifi-
cations, NTT DOCOMO has held Vice Chairman 
posts in TSG CT and SA Working Group 3 (SA-
WG3) and has contributed greatly to establishing 
overall policies on prescribing specifications, draw-
ing up schedules, and promoting technical studies.

In prescribing 5G specifications, TSG SA/CT 
expanded functions for accommodating NR as a non-
standalone system in EPC and studied 5GC as new 
core-network specifications. Thinking that a suitable 
amount of time would be needed to expand the 5G 
coverage area, NTT DOCOMO emphasized the 
launching of 5G services in a non-standalone system 
within SI studies for Release 14. However, at the 
beginning of these studies, it was the opinion of both 
vendors and mobile communications operators that 
studies on a new core network should be unified, so 
no approval for our proposal could be obtained. How-
ever, thanks to repeated explanations and progress in 
TSG RAN technical studies (described below), 
approval was gradually obtained, and later, priority 

*3	 Radio access network: The network situated between the core 
network and mobile terminals consisting of base stations and 
other equipment for controlling the radio layer.

*4	 White box: Hardware whose internal configuration and process-
ing are open in contrast to black box hardware.

*5	 Fronthaul: The circuit between radio equipment and the base-
band processor of base-station equipment achieved by optical 
fiber, etc.

*6	 USIM: An integrated circuit card used to store information for 
identifying a subscriber having a contract with a mobile phone 
company.
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was placed on drafting specifications for a non-stand-
alone system as 5G at the RAN/SA #72 plenary meet-
ing. Despite this drawn-out chain of events, many 
operators around the world have since adopted this 
non-standalone system as the main network configu-
ration in the initial period of 5G deployment.

In addition, specifications for a new core-network 
concept were established as 5GC for application to 
the 5G service rollout period.

NTT DOCOMO contributed to advancing specifi-
cations for both accommodating NR in EPC (non-
standalone system) and for 5GC.

3.1   SA-WG1
SA-WG1, whose responsibilities are to study use 

cases and derive system requirements, studied only 
5GC without relation to the non-standalone system. 
Here, NTT DOCOMO hypothesized that customer 
needs and desires would be varied with a long-tail*7 
distribution that would require not a uniform network 
but rather a divided network (the network slice*8 con-
cept), which it promoted. NTT DOCOMO also took 
up issues fundamental to operators and took the lead, 
in particular, in drawing up specifications for access 
control.

3.2   SA-WG2
SA-WG2 is responsible for determining architec-

ture, deriving requirements for each functional unit, 
and deciding the flow of information between func-
tional units and the operation of individual functions. 
This WG studied both the non-standalone system and 
5GC.

Some European communications operators treated 
the non-standalone system as part of the flow toward 
higher LTE radio speeds. With this being the case, 
policies were established on operating this system 
without any changes to the core network so that many 
operators could deploy it and on inserting functions 
enabling advanced control for operators willing to 
make changes to the core network. Additionally, for 
individual technical items, policies were established 
on studies regarding encryption and serving gateway 
(S-GW)*9 selection in SA-WG3 and CT-WG 
described below.

In 5GC, several companies declared their candida-
cy for the position of Rapporteur thereby delaying the 
drafting of the work item description (WID), but NTT 
DOCOMO took on the role of Editor at the request of 
WG members and got the WID completed. After that, 
NTT DOCOMO also contributed to studies on net-
work slicing and EPC-5GC interoperability.

3.3   SA-WG3
SA-WG3 has the responsibility of making compre-

hensive studies on security issues from use cases to 
protocol. In this WG, studies were made on both of 
the systems described above. NTT DOCOMO served 
as Vice Chairman and led technical studies. In the 
non-standalone system, it was decided that security 
applied to the secondary radio access technology 
(Secondary RAT)*10 radio interval would operate by 
reading LTE security capabilities into NR security 
capabilities without having to make changes to the 
mobility management entity (MME)*11. NTT 
DOCOMO led the drafting of specifications for this 
scheme. In 5GC studies, NTT DOCOMO served as 
Rapporteur of main specifications documents for 
5GC overall and led improvements to encryption and 
authentication in the radio portion.

3.4   CT-WG1
CT-WG1 is responsible for specifying protocol in 

detail between terminals and the core network and of 
studying certain basic functions in terms of architec-
ture. In relation to 5GC, NTT DOCOMO promoted 
the drafting of specifications for the Earthquake and 
Tsunami Warning System, Steering of Roaming, and 
access control.

3.5   CT-WG4
CT-WG4 is responsible for specifying protocol in 

detail between functional units within the core net-
work. In the non-standalone system, NTT DOCOMO 
promoted the drafting of specifications for a system 
to select an appropriate S-GW for accommodating 
high traffic.

4.   Activities and contributions in 3GPP 
TSG RAN

TSG RAN is responsible for the formulation of all 
specifications describing the radio access network. 

*7	 Long tail: Here, a state in which a distribution appears to have a 
long tail when plotting the number of customers desiring each 
kind of service in descending order. In other words, a state hav-
ing not a small demand for each of a variety of services.

*8	 Network slice: One format for achieving next-generation net-
works in the 5G era. Architecture that optimally divides the core 
network in units of services corresponding to use cases, business 
models, etc.

*9	 S-GW: The area packet gateway accommodating the 3GPP ac-
cess system.

*10	Secondary RAT: Radio access technologies such as NR, LTE, 
3G, GSM, and Wi-Fi used by secondary nodes.

*11	MME: A logical node that accommodates a base station (eNodeB) 
and provides mobility management and other functions.
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NTT DOCOMO led technical discussions in the WGs 
under TSG RAN and contributed greatly to the for-
mulation of 5G RAN specifications by serving as 
TSG RAN Vice Chairman.

4.1   RAN-WG1
RAN-WG1, which carries out studies in relation to 

the radio interface on the physical layer, studied, in 
particular, radio access systems and multiple trans-
mit/receive antenna technologies. For example, in 
NR, it defined orthogonal frequency division multi-
plexing (OFDM)*12 based on multiple subcarrier*13 
intervals with the aim of supporting a variety of use 
cases and a wide frequency band from low-frequency 
bands used in existing cellular systems to high-fre-
quency bands including the millimeter-wave fre-
quency band.

Here, NTT DOCOMO made a number of technical 
proposals for band-expansion technology, antenna 
technology, and initial-stage access technology and 
made significant contributions to completing specifi-
cations by coordinating progress management and 
concerned individuals as Rapporteur for formulating 
5G specifications, serving as RAN-WG1 Chairman, 
and taking leadership roles in various elemental tech-
nologies.

4.2   RAN-WG2
RAN-WG2, which has the responsibility of study-

ing radio interface architecture and protocol, drafted 
a specification to enable NR communications to be 
carried on top of existing LTE communications 
through Dual Connectivity*14 between LTE and NR. 
This specification is based on the specification for 
LTE Dual Connectivity that was promoted by NTT 
DOCOMO as Rapporteur and standardized in 
Release 12. It enables high speeds and low latency by 
NR while making use of the existing LTE network by 
adopting a split bearer*15 [3] that terminates at a sec-
ondary node (SN)*16 proposed by NTT DOCOMO 
for 5G. NTT DOCOMO made significant contribu-
tions to completing specifications in RAN-WG2 to 
achieve diverse use cases and meet requirements for 
5G. For example, given that functions and capabilities 
reported by a terminal to a base station and param
eters set in a terminal by the base station can result  
in an enormous amount of data, NTT DOCOMO  
led studies on Radio Resource Control messages for 
transferring such data.

4.3   RAN-WG3
RAN-WG3 is responsible for studying RAN archi-

tecture and interfaces. This WG extended the X2 
interface between eNB base stations and enabled 
eNB–gNB linkage to achieve Dual Connectivity 
between LTE and NR. Additionally, to enhance the 
flexibility of RAN rollout with improved perfor-
mance and cost efficiency in mind, RAN-WG3 
specified a F1 interface to enable a base station to be 
split into a central unit (CU), which terminates the 
Packet Data Convergence Protocol sublayer and 
above, and distributed unit, which terminates the 
Radio Link Control sublayer and below. It also speci-
fied an E1 interface to enable CU to be split into a 
CU-control plane, which terminates the control 
plane*17, and CU-user data plane, which terminates 
the user plane*18 [3].

Here, to enhance multi-vendor interoperability in 
these interfaces, NTT DOCOMO submitted many 
technical contributions by leveraging its experience 
in achieving multi-vendor capabilities in the com-
mercial LTE network. It also contributed by serving 
as Moderator to encourage discussions in this area 
and as Editor of specifications.

4.4   RAN-WG4
RAN-WG4 bears the responsibility of formulating 

specifications for base-station and terminal radio fre-
quency (RF) performance and radio resource man-
agement. In addition to frequency bands below 6 
GHz as used in LTE/LTE-Advanced, this WG studied 
the use of sub-millimeter wave*19 and millimeter 
wave*20 frequency bands introduced for NR (defined 

*12	OFDM: A multi-carrier modulation format where information 
signals are modulated with orthogonal subcarriers. A type of dig-
ital modulation scheme where information is split across multiple 
orthogonal carriers and transmitted in parallel. It can transmit 
data with high spectral efficiency.

*13	Subcarrier: Individual carrier for transmitting signals in multi-
carrier transmission such as OFDM.

*14	Dual Connectivity: A technology that achieves wider bandwidths 
by connecting two base stations in a master/secondary relation-
ship and performing transmission and reception using multiple 
component carriers supported by those base stations.

*15	Split bearer: In Dual Connectivity, a bearer that is transmitted 
and received via both master node (MN) and secondary node 
(SN) base stations.

*16	SN: A base station that provides a UE in Dual Connectivity with 
radio resources in addition to those provided by the MN. In LTE-
NR Dual Connectivity, the SN is an NR base station (gNB) if the 
MN is an LTE base station (eNB) and an LTE base station (eNB) 
if the MN is an NR base station (gNB).

*17	Control plane: Control processes to transfer data, such as route 
control of data in use for communications.

*18	User plane: The part of the signal sent and received in communi-
cation, which contains the data sent and received by the user.

*19	Sub-millimeter wave: Radio signals of frequencies in the milli-
meter wave range, from approximately 10 to 30 GHz.
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in Release 15 as Frequency Range 2 (FR2): 24,250–
52,600 MHz frequency band). Serving a four-year 
term as Vice Chairman of RAN-WG4 from 2015, 
NTT DOCOMO actively submitted technical propos-
als and promoted discussions toward the formulation 
of frequency bands taking the 5G frequency alloca-
tion plan in Japan into account and toward the draft-
ing of RF performance specifications for base sta-
tions, terminals, etc. The legal system surrounding 
5G in Japan advanced in step with these specifica-
tions.

The use of FR2 heralds the coming of wide-band 
communications, but it is not without its problems 
from the viewpoint of configuring a RF section. Spe-
cifically, it means an increase in power loss and signal 
propagation loss in the RF section due to high fre-
quencies and a contraction of area coverage brought 
on by a drop in power density due to wideband com-
munications. To solve these problems, coverage must 
be ensured by achieving high antenna gain through an 
antenna array formation. However, it is difficult to 
implement a radio-signal transceiver and antennas at 
high density in a small space, so for FR2, a conven-
tional RF configuration with connectors for measure-
ment use cannot be applied. For this reason, an over 
the air (OTA)*21 provision was introduced in the FR2 
RF specification to enable testing of the RF configu-
ration without connectors.

As shown in Fig. 1, the OTA provision defines total 
radiated power (TRP) emitted from the equipment 
targeted for measurement as well as equivalent isotro-
pic radiated power (EIRP)*22 and equivalent isotropic 
sensitivity (EIS)*23 in the beam direction that includes 
antenna characteristics. 

Focusing on EIRP maximum transmission power in 

FR2 for a terminal, the adopted provision uses a 
cumulative distribution of each EIRP value obtained 
when manipulating the beam direction over an entire 
spherical surface centered about the terminal (Fig. 2). 
The purpose of introducing this provision was to sta-
tistically guarantee that the beam is correctly oriented 
in the intended direction (the direction of the base 
station performing communications) and within the 
necessary range. The value that must be minimally 
satisfied by at least one of the measured EIRP values 
is defined as the Min peak value and the value at X% 
of the cumulative distribution, that is, the value for 
which the (100–X)% area in spherical surface space 
must be guaranteed, is defined as spherical coverage. 
Thinking that spherical coverage would be essential 
to ensuring FR2 area performance as an operator, 
NTT DOCOMO expanded discussions while gaining 
the approval of various operators that spherical cover-
age would preferentially become a high-performance 
provision among various types of provisions with 
technical feasibility considered. 

Fig. 1.   Definitions used in the RF specification of NR base stations and terminals.

TRP definition EIRP/EIS definition

X X
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*20	Millimeter wave: Radio signals of frequencies in the range from 
30 GHz to 300 GHz.

*21	OTA: A method for measuring radio characteristics transmitted 
or received from a base station or terminal, by positioning it op-
posite to a measurement antenna. Configurations have been de-
fined for NR base stations and terminals that have no antenna 
connectors, so this method has been established for regulating 
such devices.

*22	EIRP: The transmission power at the reference point in radio ra-
diation space.

*23	EIS: The received power at the radiated requirement reference 
point in radio reception space.
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5.   Activities and contributions in O-RAN

NTT DOCOMO joined up with AT&T, China 
Mobile, Deutsche Telekom, and Orange in February 
2018 to launch the O-RAN Alliance with the aim of 
constructing a highly extendible, open, and intelli-
gent RAN for the 5G era. Today, many operators and 
vendors are participating as members (about 200 
subscribed members as of June 26, 2020) and a wide 
range of studies are being conducted in WGs in such 
areas as open interfaces to enable interoperability in 
RAN, virtualization, use of AI and big data, white 
box hardware, and open source software. Many 
specifications have already been released. As a result 
of these activities, the O-RAN Alliance has been 
attracting attention and generating many expecta-
tions.

Among these activities, many operators and ven-
dors have announced their intention to adopt O-RAN 
open fronthaul specifications released in March 2019 
to facilitate multi-vendor interoperability in the fron-
thaul interface between the digital processing section 
(centrally located) and radio section (remotely locat-
ed) of a base station that up to now has been vendor-
specific on a global basis [4]. This declaration is 
expected to have a major impact on the industry and 
is attracting much attention as a result. 

In actuality, NTT DOCOMO had already achieved 
an original multi-vendor RAN since the time of the 
LTE generation using a common fronthaul interface 
in cooperation with partner vendors. Making use of 

the know-how gained there, NTT DOCOMO served 
as SI Rapporteur for base-station functional split car-
ried out for 3GPP Release 14/15 from March 2016 to 
December 2017. NTT DOCOMO also participated in 
the xRAN Forum from February 2018 prior to its 
integration with the O-RAN Alliance and promoted 
the drafting of fronthaul specifications there in coop-
eration with approving operators and vendors. Now, 
as well, NTT DOCOMO is actively promoting fron-
thaul standardization such as by serving as a co-chair 
of WG4 that manages open fronthaul specifications. 
In addition, NTT DOCOMO has achieved multi-
vendor interoperability using O-RAN open fronthaul 
specifications in a commercial 5G network as the 
world’s first, and going forward, it seeks to achieve a 
global ecosystem of multi-vendor RAN in 5G. Multi-
vendor interoperability in RAN expands the portfolio 
of base-station solutions that can be used and enables 
quick, flexible, and cost-efficient network construc-
tion. These features will become all the more impor-
tant in 5G having many and varied requirements.

At the O-RAN Alliance, NTT DOCOMO has also 
served as a co-chair of WG5 that studies the conver-
sion of 3GPP interfaces such as X2 and F1 to open 
interfaces and contributed to the release of profile*24 
specifications to ensure multi-vendor interoperability 
in those interfaces. From here on, NTT DOCOMO 

Fig. 2.   OTA EIRP evaluation technique using a cumulative distribution.
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as defined by a standardization agreement to ensure interopera-
bility between equipment according to the application.
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also plans to promote other O-RAN Alliance studies 
in such areas as virtualization and the use of AI and 
big data.

6.   Conclusion

This article described activities and NTT DOCOMO 
contributions at 3GPP and the ORAN Alliance 
toward 5G standardization.

Today, at 3GPP, specifications for Release 16 
toward advanced 5G have been completed and tech-
nical studies for Release 17 that aim to specify more 
usage scenarios are progressing. Meanwhile, at the 
O-RAN Alliance, in addition to further studies on 
open interfaces, technical studies on the virtualiza-
tion of the radio network and use of big data are mov-
ing forward.

At NTT DOCOMO, we view 5G as the technical 
foundation for wireless communications over the 
next 20 years. To achieve further advances, we will 
continue making proactive contributions to standard-
ization activities at 3GPP and the O-RAN Alliance. 

This article is the reproduction of the special article 

published in NTT DOCOMO Technical Journal (Vol. 
22, No. 2, Oct. 2020). 

References

[1]	 Cyber Creative Institute Co. Ltd., “Application Trend of ETSI Stan-
dard Essential Patent (5G-SEP) Candidates Contributing to Realiza-
tion of 5G and Proposal Trend of Contributions for Standards,” 2019 
(in Japanese).

[2] 	 Cyber Creative Institute Co. Ltd., “Application Trend of 5G-SEP 
Candidates and 5G-SEP Declarations Contributing to Realization of 
5G and Proposal Trend of Contributions for Standards,” 2020 (in 
Japanese).

[3]	 T. Uchino, K. Kai, T. Toeda, and H. Takahashi, “Specifications of NR 
Higher Layer in 5G,” NTT DOCOMO Technical Journal, Vol. 20, No. 
3, pp. 62–78, Jan. 2019.

	 https://www.nttdocomo.co.jp/english/binary/pdf/corporate/
technology/rd/technical_journal/bn/vol20_3/vol20_3_008en.pdf

[4]	 NTT DOCOMO Press Release: “Mobile Industry Leaders to Develop 
O-RAN Fronthaul-compliant Products and Drive Multi-vendor Radio 
Access Networks,” Feb. 2019.

	 ht tps: / /www.nttdocomo.co.jp/english/info/media_center/
pr/2019/0222_00.html

Trademark notes
All company names or names of products, software, and services appearing 
in this article are trademarks or registered trademarks of their respective 
owners.

https://www.nttdocomo.co.jp/english/binary/pdf/corporate/technology/rd/technical_journal/bn/vol20_3/vol20_3_008en.pdf
https://www.nttdocomo.co.jp/english/info/media_center/pr/2019/0222_00.html


Feature Articles

85NTT Technical Review Vol. 18 No. 12 Dec. 2020

Satoshi Nagata
Manager, 6G Laboratories, NTT DOCOMO, 

INC.
He received a B.E. and M.E. from Tokyo Insti-

tute of Technology in 2001 and 2003. In 2003, he 
joined NTT DOCOMO, where he engaged in 
research and development (R&D) of wireless 
access technologies for LTE, LTE-Advanced, 
and 5G. He is currently a manager working for 
5G and 3GPP standardization. He has been con-
tributing to 3GPP over 10 years. He served as a 
vice chairman of 3GPP TSG-RAN WG1 from 
November 2011 to August 2013, and a chairman 
from August 2013 to August 2017. He has been a 
vice chairman of 3GPP TSG-RAN since March 
2017.

Atsushi Minokuchi
Assistant Manager, Core Network Develop-

ment Department, NTT DOCOMO, INC.
He received a B.E. and M.E. from The Univer-

sity of Tokyo in 1992 and 1996. Since joining 
NTT DOCOMO in 1996, he has been involved in 
R&D of 2G to 5G core network. He contributed 
to ITU-T SSG, SG19, and SG13 from April 2001 
to March 2010, and since 2011 he has been 
involved in 3GPP SA and CT. From March 2015 
to March 2019, he served as a vice chairman of 
3GPP TSG-CT.

Yuta Oguma 
Research Engineer, Communication Device 

Development Department, NTT DOCOMO, 
INC.

He received a B.E. in electrical and electronic 
engineering in 2015 and an M.E. in informatics 
in 2017 from Kyoto University. Since joining 
NTT DOCOMO in 2017, he has been involved in 
R&D activities related to radio frequency wire-
less technologies for LTE, LTE-Advanced, and 
5G, and contributed to the 3GPP TSG-RAN 
WG4 as a delegate from NTT DOCOMO.

Anil Umesh
Manager, Radio Access Network Development 

Department, NTT DOCOMO, INC.
He received a B.S. in engineering from Case 

Western Reserve University, USA, in 2002. He 
joined NTT DOCOMO in 2002 and has since 
been involved in R&D activities related to wire-
less access technologies for HSPA, LTE, LTE-
Advanced, and 5G. He has been the O-RAN 
Alliance Working Group 4 co-chair since the 
start of O-RAN Alliance in 2018 and has chaired 
open fronthaul topics.

Shinji Takeda
Manager, Communication Device Develop-

ment Department, NTT DOCOMO, INC.
He received a B.E. and M.E. from Kyoto Uni-

versity in 1999 and 2001. Since he joined NTT 
DOCOMO in 2001, he has been involved in the 
research activities of wireless technology related 
to Wi-Fi, WiMAX and Celullar. He has also been 
involved in the development of commercial ser-
vices of LTE and VoLTE since 2008. He has been 
managing the development of 5G technologies in 
communication devices since July 2020. Prior to 
the current assignment, he managed the standard-
ization activities in the R&D strategy depart-
ment. 



NTT Technical Review 86Vol. 18 No. 12 Dec. 2020

1.   Introduction

Featuring high speed and large capacity, low laten-
cy, and massive connectivity, the fifth-generation 
mobile communications system (5G) is generating 
high expectations. In addition to providing richer 
content as in video services, it is anticipated that 5G 
will help find solutions to social problems that have 
so far been difficult to resolve and create new indus-
tries at the same time.

After launching its 5G pre-commercial service in 
September 2019, NTT DOCOMO launched its 5G 
commercial service in March 2020. As of July 6, 
2020, the number of 5G subscribers had already 
exceeded 170,000. The demand for 5G is expected to 
increase from here on, so the plan is to enhance the 
terminal lineup and expand 5G coverage in stages.

In this article, we describe the development of radio 
base-station equipment and core network equipment 
to provide the 5G commercial service. 

2.   Overview of 5G frequency bands

In 5G, there is a need for a network that can accom-
modate a variety of use cases and usage scenarios. 
From a technical perspective, this means adopting 
new radio technology, that is, 5G New Radio (NR), 
and supplementing existing frequency bands with 
those of even higher frequencies [1]. 

Three frequency bands have been allocated in 
Japan for 5G: the 3.7 GHz band (3.6–4.1 GHz), 4.5 

GHz band (4.5–4.6 GHz), and the 28 GHz band 
(27.0–29.5 GHz, among which the 28.2–29.1 GHz 
interval is unallocated) (Table 1). The first two fre-
quency bands are called the “sub-6” bands and the 
third one is called the millimeter wave (mmW) band.

The sub-6 bands each feature a 100 MHz band-
width/operator within Japan’s 5G frequencies. Com-
pared with Long Term Evolution (LTE), they enable 
wideband usage and can achieve the same coverage 
as the LTE 3.5 GHz band. The mmW band, mean-
while, is significantly different from the frequencies 
that have come to be used by LTE, and expectations 
are high for the spot-like rollout of services based on 
transmission speeds of several Gbit/s through ultra-
wideband allocation. In general, however, the higher 
is the frequency the more difficult is wave propaga-
tion, so there will be a need to construct a heteroge-
neous network that combines the mmW band with 
existing LTE frequencies and the sub-6 bands. In 
addition, antenna downsizing is simple in the case of 
high-frequency bands, so the rollout of networks 
using massive multiple-input multiple-output (Mas-
sive MIMO) as advanced MIMO technology is 
anticipated.

It must also be noted that existing systems are oper-
ating within Japan’s 5G frequency bands, so coexis-
tence and segregation are important. In particular, 
since satellite system operators are also using the 3.7 
GHz band, this band will be rolled out for 5G while 
making inter-system interference adjustments with 
those satellite systems. As a consequence, the 4.5 
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GHz band has been attracting attention as a frequency 
band that could play an effective role in achieving an 
early 5G rollout (Fig. 1). Additionally, looking at 
overseas trends, the use of the 3.7 GHz band and 28 
GHz band has already begun in various countries, and 
from the perspective of future terminal support, 
roaming support, etc., these bands should be effective 
in rolling out high-speed and large-capacity services 
reflecting the unique features of 5G. The plan is to 
execute a commercial rollout that will make maxi-
mum use of the strengths of each of these frequency 
bands based on the features of those frequencies, 
coexistence with existing operators, and global 
trends. 

As a result of approval received from the Ministry 
of Internal Affairs and Communications (MIC) for 
base-station installation plans [2], NTT DOCOMO 
has been allocated the frequency intervals 3.6–3.7 
GHz and 4.5–4.6 GHz for a total of 200 MHz in the 
sub-6 bands and 27.4–27.8 GHz for a total of 400 
MHz in the mmW band. In this way, NTT DOCOMO 
can provide a downlink peak rate of 3.4 Gbit/s in the 
sub-6 bands and of 4.1 Gbit/s in the mmW band in 

combination with the existing LTE system (Table 2).
The sub-6 bands and 28 GHz band have been allo-

cated as time division duplex (TDD)*1 bands, but 
from the viewpoint of spectrum efficiency, the same 
downlink/uplink resource allocation (TDD Config)*2 
must be used between neighboring cellular operators. 
In Japan, the TDD Config shown in Fig. 2 based on 
the TDD Config agreed upon at the 3rd Generation 
Partnership Project (3GPP) is being used for 5G 
operation taking data traffic and 5G service forecasts 
into account. In particular, to mitigate interference 
between the 3.7 GHz band and the neighboring LTE 
3.5 GHz band, this TDD Config has been designed to 
use the same timing for downlink/uplink resources 
(Fig. 2). Additionally, in the 4.5 GHz band acquired 
solely by NTT DOCOMO, the plan is to establish an 
original TDD Config tailored to use cases with  

Fig. 1.   Frequency allocation in 3.7 GHz band and relationship with LTE 3.5 GHz band.

3.7 GHz band

Fixed satellite communications (downlink)

3400 MHz 4200 MHz

4.5 GHz band

May use original TDD Config
since there is no operation at
neighboring frequencies

4400 MHz3600 MHz

LTE-
Advanced

Airplane radar
altimeter

Must operate with same TDD Config
to avoid mutual interference
Must operate with same TDD Config
to avoid mutual interference

Table 1.   Features of Japan’s 5G frequencies.

3.7 GHz band 4.5 GHz band 28 GHz band

Allocated
frequencies

3.6–4.1 GHz
(500 MHz bandwidth)

4.5–4.6 GHz
(100 MHz bandwidth)

27.0–28.2 GHz
29.1–29.5 GHz

(1.6 GHz bandwidth)

Allocated
bandwidth 100 MHz bandwidth/operator 100 MHz bandwidth/operator 400 MHz bandwidth/operator

Use of
Massive MIMO Used in MIMO multiplexing Coverage extension by

beamforming

Use with
other systems Satellite systems Airplane radar altimeter Satellite systems

Overseas
trends

China, Korea, Europe, 
United States Planned for future use by China United States, Korea

*1	 TDD: A bidirectional transmit/receive system. This system 
achieves bidirectional communication by allocating different 
time slots to uplink and downlink transmissions on the same fre-
quency.

*2	 TDD Config: Parameters determining how to allot uplink and 
downlink slots. Prescribed by 3GPP specifications.
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spectrum efficiency in mind.

3.   5G commercial development

3.1   5G base-station equipment development
The 5G network configuration is shown in Fig. 3. 

With a view to 5G service development, NTT 
DOCOMO developed a central unit (CU) that con-
solidates the base band (BB) signal processing sec-
tion supporting 5G, extended existing BB processing 
equipment known as high-density base-station digital 
processing equipment (BDE), and developed a 5G 
radio unit (RU) having signal transmit/receive func-
tions. Furthermore, to have a single CU accommo-
date many RUs, NTT DOCOMO developed a 5G 
version of the fronthaul multiplexer (FHM) [4] 
deployed in LTE. Each of these three types of equip-
ment is described below.
3.1.1   CU
(1)	 Development concept

With the aim of achieving a smooth rollout of 5G 

services, NTT DOCOMO developed a CU that 
enables area construction without having to replace 
existing equipment while minimizing the construc-
tion period and facility investment. This was accom-
plished by making maximum use of the existing 
high-density BDE that performs BB signal process-
ing, replacing some of the cards of the high-density 
BDE, and upgrading the software to support 5G.
(2)	 CU basic specifications

An external view of this CU is shown in Photo 1. 
This equipment has the features described below.

As described above, this equipment enables 
5G-supporting functions by replacing some of the 
cards of the existing high-density BDE. In addition, 
future software upgrades will load both software sup-
porting conventional 3G/LTE/LTE-Advanced and 
software supporting 5G. This will enable the con-
struction of a network supporting three generations of 
mobile communications from 3G to 5G with a single 
CU.

The existing LTE-Advanced system employs 

Table 2.   Technical features.

Sub-6 bands mmW band

Method of using Massive MIMO MIMO multiplexing Coverage extension by beamforming

Coverage approach Same coverage as LTE 3.5 GHz band High throughput by wideband use
Spot-like rollout

Peak rate (3GPP standard
values including LTE) Downlink 3.4 Gbit/s, uplink 182 Mbit/s Downlink 4.1 Gbit/s, uplink 480 Mbit/s

Number of MIMO layers Downlink 4×4, uplink SISO Downlink/uplink 2×2 MIMO

Modulation scheme

QAM: quadrature amplitude modulation
SISO: single input single output

Downlink 256QAM, uplink 64QAM Downlink/uplink 64QAM

Fig. 2.   TDD Config used in Japan’s 5G frequencies.
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advanced centralized radio access network (C-RAN)*3 
architecture [4] proposed by NTT DOCOMO. This 
architecture is also supported in 5G with the connec-
tion between CU and RUs made via the fronthaul. 
Standardization of this fronthaul was promoted at the 
Open Radio Access Network (O-RAN) Alliance 
jointly established in February 2018 by five operators 
including NTT DOCOMO. Since the launch of 5G 
services, the fronthaul in the NTT DOCOMO net-
work was made to conform to these O-RAN fronthaul 

specifications that enable interoperability between 
different vendors, and any CU and RU that conform 
to these specifications can be interconnected regard-
less of vendor. The specifications for interconnecting 
base-station equipment also conform to these O-RAN 

Fig. 3.   5G network configuration.

Macrocell

Small cell

5G FHM

<BB signal processing section>

5G CU

LTE BDE

Suburbs

City center, urban districts, etc.

<5G radio section>
RRU

O-RAN X2 interference

O-RAN fronthaul

<5G radio section>
SRU

5G area

LTE/LTE-Advanced area

Photo 1.   CU external view.

*3	 Advanced C-RAN: A new C-RAN architecture proposed by NTT 
DOCOMO. Being controlled by the same base station, a radio 
access network makes a linkage between a macrocell (which cov-
ers a wide area) and a small cell (which covers a local area) by 
applying carrier aggregation.
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specifications, which means that a multi-vendor con-
nection can be made between a CU supporting 5G 
and a high-density BDE supporting LTE-Advanced 
[5]. This enables NTT DOCOMO to deploy a CU 
regardless of the vendor of the existing high-density 
BDE and to quickly and flexibly roll out service areas 
where needed while making best use of existing 
assets. In addition, six or more fronthaul connections 
can be made per CU and the destination RU of each 
fronthaul connection can be selected. Since 5G sup-
ports wideband transmission beyond that of LTE-
Advanced, the fronthaul transmission rate has been 
extended from the existing peak rate of 9.8 Gbit/s to 
a peak rate of 25 Gbit/s while achieving a CU/RU 
optical distance equivalent to that of the existing 
high-density BDE.
3.1.2   RU
(1)	 Development concept

To facilitate flexible area construction right from 
the launch of 5G services, NTT DOCOMO devel-
oped the low-power small radio unit (SRU) as the RU 
for small cells and developed, in particular, separate 
SRUs for each of the 3.7 GHz, 4.5 GHz, and 28 GHz 
frequency bands provided at the launch of the 5G pre-
commercial service in September 2019. Furthermore, 
with an eye to early expansion of the 5G service area, 
NTT DOCOMO developed the regular power radio 
unit (RRU) as the RU for macrocells to enable the 
efficient creation of service areas in suburbs and else-

where.
A key 5G function is beamforming*4 that aims to 

reduce interference with other cells and thereby 
improve the user’s quality of experience. To support 
this function, NTT DOCOMO developed a unit that 
integrates the antenna and 5G radio section (antenna-
integrated RU). It also developed a unit that separates 
the antenna and 5G radio section (antenna-separated 
RU) to enable an RU to be placed alongside existing 
3G/LTE/LTE-Advanced radio equipment (RE) and 
facilitate flexible installation even for locations with 
limited space or other constraints.
(2)	 SRU basic specifications

As described above, NTT DOCOMO developed the 
SRU to enable flexible construction of 5G service 
areas. It developed, in particular, antenna-integrated 
SRUs to support each of the 3.7 GHz, 4.5 GHz, and 
28 GHz frequency bands provided at the launch of the 
5G pre-commercial service and antenna-separated 
SRUs to support each of the 3.7 GHz and 4.5 GHz 
frequency bands (Photo 2). These two types of SRUs 
have the following features.

The antenna-integrated RU is equipped with an 

Photo 2.   SRU external views.

(a) Antenna-integrated SRU (b) Antenna-separated SRU

*4	 Beamforming: A technology that gives directionality to a trans-
mitted signal, increasing or decreasing the signal power in a par-
ticular direction. Analog beamforming works by controlling the 
phase in multiple antenna elements (RF devices) to create direc-
tionality, while digital beamforming controls phase in the base-
band module.
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antenna panel to implement the beamforming func-
tion. In the 3.7 GHz and 4.5 GHz bands, specifica-
tions call for a maximum of 8 beams, and in the 28 
GHz band, for a maximum of 64 beams. An area may 
be formed with the number of transmit/receive beams 
tailored to the TDD Config used by NTT DOCOMO. 
In addition, the number of transmit/receive branches 
is 4 for the 3.7 GHz and 4.5 GHz bands and 2 for the 
28 GHz band, and MIMO transmission/reception can 
be performed with a maximum of 4 layers for the 
former bands and a maximum of 2 layers for the latter 
band. 

The antenna-separated SRU is configured with only 
the radio as in conventional RE to save space and 
facilitate installation. With this type of SRU, the 
antenna may be installed at a different location. 
Moreover, compared to the antenna-integrated SRU 
operating in the same frequency band, the antenna-
separated SRU reduces equipment volume to 6.5 L or 
less. The antenna-separated SRU does not support the 
beamforming function, but features four transmit/
receive branches the same as the antenna-integrated 
SRU for the same frequency band.
(3)	 RRU basic specifications

The RRU was developed in conjunction with the 
5G service rollout as high-power equipment com-
pared with the SRU with a view to early expansion of 
the 5G service area (Photo 3). This type of equipment 
has the following features.

Compared with existing remote radio equipment 
for macrocells, the volume of RRU equipment tends 
to be larger to support 5G broadband, but in view of 
the latest electronic device trends, NTT DOCOMO 

took the lead in developing and deploying an anten-
na-separated RRU that could save space and reduce 
weight. Maximum transmission power is 36.3 W/100 
MHz/branch*5 taking the radius of a macrocell area 
into account. The RRU features four transmit/receive 
branches and achieves the same number of MIMO 
transmission/reception layers as the antenna-separat-
ed SRU.

NTT DOCOMO also plans to deploy an antenna-
integrated RRU at a later date. The plan here is to 
construct 5G service areas in a flexible manner mak-
ing best use of each of these models while taking 
installation location and other factors into account.
3.1.3   5G FHM

The 5G FHM is equipment having a multiplexing 
function for splitting and combining a maximum of 
12 radio signals on the fronthaul. It was developed in 
conjunction with the 5G service rollout the same as 
RRU (Photo 4).

If no 5G FHM is being used, each RU is accom-
modated as one cell, but when using a 5G FHM, a 
maximum of 12 RUs can be accommodated as one 
cell in a CU. At the launch of 5G services, this meant 
that more RUs could be accommodated in a single 
CU when forming a service area in a location having 
low required radio capacity (Fig. 4). Additionally, 
since all RUs transmit and receive radio signals of the 
same cell, the 5G FHM can inhibit inter-RU interfer-
ence and the occurrence of handover*6 control 

Photo 3.   RRU external view.

*5	 Branch: In this article, an antenna and RF transceiver.
*6	 Handover: A technology for switching base stations without in-

terrupting communications when a terminal with a call in prog-
ress straddles two base stations while moving.
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between RUs as in the conventional FHM. Further-
more, the 5G FHM supports all of the 5G frequency 
bands, that is, the 3.7 GHz, 4.5 GHz, and 28 GHz 
bands, which means that service areas can be con-
structed in a flexible manner applying each of these 
frequency bands as needed.

3.2   5G radio access network support
This section presents an overview of the radio 

access network (RAN) configuration for achieving 
5G services and LTE-NR Dual Connectivity, beam 
management technology, and NR high-speed support 
as RAN technologies.
3.2.1   RAN configuration

At the launch of its 5G commercial service, NTT 
DOCOMO provided services through non-stand-
alone operation, a key feature of NR. Here, “non-
standalone” means an operation format that provides 
services while using LTE/LTE-Advanced areas as an 
anchor*7 instead of providing 5G areas by NR alone. 
As shown in Fig. 5, evolved NodeB (eNB)*8 in NR 
non-standalone operation connects to a gNB*9 base 
station that provides NR using an X2*10 interface. In 
addition, eNB and gNB connect to the Evolved 
Packet Core (EPC)*11 using S1 interfaces. The use of 
LTE as an anchor in this way through non-standalone 

operation made for early commercialization of 5G by 
enabling the use of existing network infrastructure 
through shared use of LTE equipment while main-
taining the same level of quality with respect to con-
nectivity that had so far been provided. In addition, 
the connection between eNB and gNB conforms to 
the O-RAN X2 specifications spearheaded by NTT 
DOCOMO thereby enabling interoperability between 
different LTE and NR operators. In short, non-stand-
alone operation made it possible to roll out 5G areas 
in a speedy and flexible manner against LTE areas 
that had already been established.

In contrast, NR standalone operation, whose provi-
sion is scheduled for the future, will enable the provi-
sion of services through only gNB base stations. In 
this format, RAN will connect to the new core net-
work, namely, the 5G core network (5GC), and gNB 
base stations will connect to each other using an Xn 

Fig. 4.   Concept of 5G FHM implementation.

CU CU CU

5G FHM 5G FHM 5G FHM

With 5G FHMWithout 5G FHM

Accommodates
each RU as
one cell

Accommodates
a maximum of 12
RUs as one cell

Photo 4.   5G-FHM external view.

*7	 Anchor: A logical node point acting as a switching point for con-
trol signals and user bearers.

*8	 eNB: A radio base station for LTE radio access.
*9	 gNB: A radio base station for NR radio access.
*10	X2: A reference point between eNBs, defined by 3GPP.
*11	EPC: The core network on 3GPP mobile communication net-

works, mainly accommodating Evolved Universal Terrestrial 
Radio Access (E-UTRA).
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interface and a gNB will connect to 5GC using an NG 
interface.
3.2.2   LTE-NR Dual Connectivity

In the non-standalone configuration described 
above that combines LTE/LTE-Advanced and NR to 
provide services, architecture that simultaneously 
transmits radio signals to the user equipment (UE) by 
both LTE and NR is called LTE-NR Dual Connectiv-
ity. In this architecture, the simultaneous transmis-
sion of both LTE and NR types of radio resource is 
specified as a split bearer*12, which achieves simulta-
neous transmission of a maximum of five LTE carri-
er*13 signals and NR and enables a speedy and flexi-
ble rollout of 5G commercial services.

In LTE-NR Dual Connectivity operation in which 
an LTE base station acts as master node (MN), master 
cell group (MCG) split bearer would have to be per-
formed on the LTE-base-station side as the band-
width on the NR side becomes larger. It would there-
fore be necessary to augment the equipment on the 
LTE-base-station side whose capacity is limited 
compared with NR equipment thereby incurring 
equipment development and operation costs. Conse-
quently, with the aim of minimizing the upgrading of 
LTE-base-station equipment and avoiding throughput 
limitations due to the capacity of that equipment, a 
secondary node (SN)-terminated split bearer and an 
SN-terminated MCG bearer were specified so that a 
branch point for user data in LTE-NR Dual Connec-
tivity could be set up as NR equipment acting as a SN. 
The secondary cell group (SCG) split bearer is a 
method in which user data is transferred on both the 
MN carrier and SN carrier so that data can be trans-

mitted to the user simultaneously from the SN and 
MN. This method achieves higher transmission 
speeds. In addition, the SN-terminated MCG bearer 
is a method that enables data to be transferred from 
the SN even if outside the NR area, which makes for 
more stable communications.
3.2.3   Beam management technology

New beam management technology has been 
adopted in the NR system. As described above, the 
antenna-integrated RU has a configuration enabling 
the forming of multiple beams (Fig. 6).

Specifically, in Frequency Range 1 (FR1)*14, this 
technology uses digital beamforming that forms 
beams by applying phase rotation to the BB signal, 
and in Frequency Range 2 (FR2)*15, it uses analog 
beamforming that forms beams by controlling the 
phase in the radio frequency (RF) signal. The tech-
nology includes processing for selecting an optimal 
beam when beginning an NR connection and process-
ing for switching beams due to a change in radio 
quality caused by UE movement or other factors. 
Using an optimal transmit/receive beam according to 
the position of the communicating UE ensures user 
coverage even in a high frequency band. At the same 
time, it can be expected that orienting the beam 

Fig. 5.   Network configuration in 5G.
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*12	Split bearer: In Dual Connectivity, a bearer that is transmitted 
and received via both the master and secondary base stations.

*13	Carrier: A radio signal (carrier wave) that is modulated to trans-
mit information.

*14	FR1: A frequency band specified in 3GPP ranging from 450 to 
6000 MHz.

*15	FR2: A frequency band specified in 3GPP ranging from 24,250 
to 52,600 MHz.
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toward the position of the UE will have the effect of 
inhibiting radio-wave radiation in unnecessary direc-
tions and suppressing inter-cell interference.
3.2.4   NR high-speed support

In 5G, even higher communications speeds can be 
achieved since Dual Connectivity allows NR to be 
simultaneously used with LTE/LTE-Advanced. Cur-
rently, in LTE/LTE-Advanced, NTT DOCOMO pro-
vides services with a downlink peak rate of 1.7 Gbit/s 
by combining five instances of a component carrier 
through carrier aggregation*16. However, in NTT 
DOCOMO 5G, Dual Connectivity of five LTE/LTE-
Advanced component carriers and NR was achieved 
from the launch of 5G services enabling a downlink 
peak rate of 3.4 Gbit/s when using either the 3.7 GHz 
or 4.5 GHz NR band and a downlink peak rate of 4.1 
Gbit/s when using the 28 GHz NR band.

Furthermore, in uplink communications in the 28 
GHz band, in addition to the simultaneous use of two 
component carriers for a total bandwidth of 200 MHz 
through carrier aggregation, a total data rate of 480 
Mbit/s has been achieved through the implementation 
of 2 × 2 MIMO.

The goal going forward is to increase data rates 
even further through the use of even wider frequency 
bands. In downlink communications, for example, 
this will be achieved through carrier aggregation 
between the 3.7 GHz and 4.5 GHz bands, and in 
uplink communications, through the carrier aggrega-
tion of four component carriers for a total bandwidth 
of 400 MHz in the 28 GHz band.

3.3   Development of core network equipment
Multiple migration architectures toward the provi-

sion of 5G have been proposed at 3GPP, an interna-

tional standards organization. Figure 7 shows those 
architectures that have been specified at 3GPP. 
Option 1 is the architecture under which LTE has 
been provided. Options 2–5 and 7 are architectures 
for providing 5G, and each operator may decide 
which option(s) to adopt. As described above, NTT 
DOCOMO decided to launch 5G by adopting Option 
3 architecture that connects to NR and provides 5G 
by extending EPC that had been in commercial 
operation for LTE. This approach made it possible to 
achieve early provision of the 5G commercial service 
while ensuring a stable level of quality provided by 
LTE/LTE-Advanced that was already in place. Many 
operators around the world adopted Option 3 at the 
time of their 5G launches.

NTT DOCOMO will continue its studies toward 
future means of migration including the introduction 
of 5GC, the new core network.
3.3.1   Option 3x architecture

As described above, user data is transferred by a 
SCG split bearer process to keep equipment develop-
ment and operation costs down. In other words, con-
trol signals are exchanged between EPC and eNB 
while user data is exchanged between EPC and gNB. 
This architecture has been specified in the standard as 
Option 3x. The main feature of Option 3x architec-
ture is that it enables NR to be accommodated by 
extending the S1 interface with eNB and the non-
access stratum (NAS) interface with UE, which eases 
the impact on core network equipment and achieves 
both stable quality and early deployment. 

*16	Carrier aggregation: A technology for increasing bandwidth by 
simultaneously transmitting/receiving signals over multiple com-
ponent carriers.

Fig. 6.   Types of beamforming technologies.
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3.3.2   High-throughput support
At present, the 5G commercial service provides a 

maximum downlink throughput of 4.1 Gbit/s. NTT 
DOCOMO intends to continue its development 
efforts toward even higher data rates and larger 
capacities. However, EPC consists of various types of 
equipment of diverse levels of performance, and there 
are some types of equipment that cannot easily pro-
vide the throughput required by 5G. With this in 
mind, and considering that a serving gateway/packet 
data network gateway (S/P-GW) for performing data-
transfer processing within EPC needs to be selected, 
NTT DOCOMO has developed a mechanism for 
selecting an S/P-GW that can provide 5G throughput.

In more detail, the existing method for selecting an 
S/P-GW via a mobility management entity is to use 
tracking area and access point name as keys to query 
the domain name system (DNS) and to then select an 
S/P-GW from the record included in the response. To 
this method, NTT DOCOMO added a value (+nc-nr) 
indicating 5G capability to the service parameters 
(network capability) included in the DNS response. 
For the 5G user, using this value as a basis for select-
ing an S/P-GW that can provide 5G throughput 
achieves high-speed communications.
3.3.3   Low-latency network

NTT DOCOMO began the provision of its docomo 

Open Innovation Cloud simultaneously with the 
launch of its 5G commercial service. The docomo 
Open Innovation Cloud provides a form of multi-
access edge computing. It enables end-to-end com-
munications latency to be shortened by deploying 
computing resources normally included in the core 
network at locations near user terminals. It also pro-
vides NTT DOCOMO’s “Cloud DirectTM” service 
that shortens network transmission latency by opti-
mizing the transmission path between the connected 
terminal and the cloud platform.

4.   Conclusion

This article described the development of radio 
base-station equipment and core network equipment 
at NTT DOCOMO to provide a 5G commercial ser-
vice. Going forward, NTT DOCOMO will pursue 
co-creation opportunities through 5G with a variety 
of partners to contribute to the creation of a prosper-
ous society while continuing to develop ground-
breaking and advanced technologies.

This article is the reproduction of the special article 
published in NTT DOCOMO Technical Journal (Vol. 
22, No. 2, Oct. 2020). 

Fig. 7.   Migration architectures toward 5G.
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1.   Overview of the 10G-EPON system

The passive optical network (PON) system is a 
fiber-to-the-home optical access system that uses an 
optical splitter to branch optical signals from a single 
optical fiber shared by multiple users. The 10 Giga-
bit-Ethernet PON (10G-EPON) system is a PON 
system with a maximum transmission rate of 10 
Gbit/s. This system consists of an optical line termi-
nal (OLT) installed at the central office, optical net-
work units (ONUs) installed in each user’s home, an 
optical splitter, and optical fiber network connecting 
them (Figs. 1 and 2).

2.   Soft error in the ONU

A soft error is an event in which a bit in memory is 
inverted by electrical noise. Operation failures caused 
by soft errors can be recovered by resetting the elec-
tronic device or overwriting the data [1]. Soft errors 
are primarily caused by cosmic rays (high energy 
protons). Cosmic rays collide with atomic nuclei 
(nitrogen and oxygen) to generate neutron rays, 
which then collide with silicon atomic nuclei in semi-
conductor devices, generating electrical noise 
(Fig. 3).

If ONU operation fails due to soft error, network 
service may be disconnected. An example of a soft 

error failure is that due to electrical noise generated in 
a semiconductor device, where bit inversion occurs in 
the main signal path control function written in the 
volatile memory (random access memory: RAM) of 
the PON-Media Access Control (MAC) large-scale 
integrated circuit. The main signal is thus disrupted, 
resulting in communication interruption. In this case, 
by rebooting the ONU (turning the power off/on), the 
information or program in RAM is refreshed from 
nonvolatile memory (read only memory: ROM), 
which recovers communication. When such a soft 
error failure occurs, it is necessary to restart the ONU 
by turning it off and on at the user’s home.

Soft errors occur very infrequently in semiconduc-
tor devices, making it difficult to isolate and identify 
faults. For ONUs that are distributed and deployed in 
large numbers, it is important to improve the effi-
ciency of responding to soft error failure. 

Further advances in semiconductor miniaturization 
are inevitable given the demand for 10 Gbit/s-class 
high-speed communication. As these semiconductor 
devices hold less charge in a memory cell, they are 
more susceptible to neutron rays. Therefore, it is 
assumed that the occurrence rate of soft errors and 
frequency of troubleshooting will increase.

Error correction for soft errors includes (1) autono-
mous correction by using hardware, (2) autonomous 
correction by using a device-control program, and (3) 
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correction by manual intervention [2]. (1) Autono-
mous correction by using hardware uses components 
with functions such as error check code (ECC) cor-
rection. (2) Autonomous correction by using a 
device-control program includes methods such as 
system reset and device reset. The system can be reset 
without any special control, just like a power off/on 
restart. Device reset resets just the target device (com-
ponents), which shortens the correction time, but 
requires coordination with peripheral circuits for 
state matching, resulting in complex control. (3) 
Manual correction can be done by remote control 
reset by the maintainer or by instructing the user to 
turn the power off/on. Either approach takes a long 

time to correct the problem, and it is necessary for the 
telecommunication company to respond to the prob-
lem.

For a 10G-EPON ONU, we developed a function 
(autonomous reset function) that corresponds to the 
system reset for (2); the ONU detects a soft error and 
restarts itself by turning its power off and on autono-
mously. Compared with (1) and device reset for (2), 
this function is economical, easy to implement, and 
reduces the amount of manual operation for error cor-
rection.

Fig. 1.   10G-EPON system.
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3.   Soft error detection and autonomous 
reset-target classification

The functional block of an ONU is shown in Fig. 4. 
An uplink signal input from a user network interface 
(UNI) connected to user equipment, etc. is received 
by the physical layer (PHY), priority control and 
transfer processing are executed by the PON-MAC 
processing unit, and if enabled in the encryption unit 
and forward error correction (FEC) unit, the signal is 
encrypted and an error correction code is assigned to 
each block and transmitted from the optical module 
to the OLT. In addition, the downlink signal input 
from the OLT PON interface (IF) is received by the 
optical module, corrected by the FEC unit, decoded 
by the encryption processing unit, subjected to prior-
ity control and transfer processing by the PON-MAC 
processing unit, and transmitted from the PHY to the 
user equipment.

Soft error is first detected in the frame-buffer area 
of the RAM of each functional block of the main 
signal path through which the uplink and downlink 
signals mentioned above pass. Most soft errors 
detected are bits in a single frame in the frame-buffer 
area, which are discarded after detection and have 
little effect on communication. However, in rare 
cases, similar soft errors are continuously detected in 
the frame-buffer areas of the PHY, PON-MAC pro-
cessing unit, encryption unit, and FEC unit. In this 
case, since the soft errors are continuous and extend 
over multiple frames, it is assumed that there is a 
problem with the continuity of the main signal in the 
ONU. Therefore, it is determined that a soft error 

event occurred, and the autonomous reset function is 
triggered.

Our countermeasure also detects errors in the RAM 
of the central processing unit (CPU) and the set-value 
storage area for priority control and transfer process-
ing of the RAM of the PON-MAC processing unit. If 
a soft error is detected in the RAM of the CPU, it is 
assumed that CPU processing is abnormal. If a soft 
error is detected in the transfer-control-setting table 
of the PON-MAC processing unit, it is also assumed 
that there is a problem with the main signal transfer 
to the OLT. Therefore, both are judged to be soft 
errors, which triggers the autonomous reset function.

4.   Autonomous reset function as a soft 
error countermeasure

Figure 5 shows the transition flow of the autono-
mous reset function. A semiconductor device affected 
by a neutron beam may suffer a physical defect as 
well as soft error. A physical defect is an event in 
which the structure of the semiconductor device 
degrades and malfunctions due to the effect of neu-
tron beams; such failures (physical defect failure) 
cannot be recovered by restarting the semiconductor 
device or overwriting data. This suggests that the 
autonomous reset function may repeatedly turn the 
power supply off and on.

Our solution is a mechanism that memorizes the 
number of resets and, when the number of resets 
exceeds a threshold within a certain period, a physical-
defect failure is determined and the ONU communi-
cation function is terminated along with autonomous 

Fig. 4.   10G-EPON ONU functional block and soft error detection.

Detect errors in the set-value
storage area for priority control

and transfer processing

Detect errors in the RAM

Detect errors in the
frame-buffer area

Detect errors in the
frame-buffer area

Detect errors in the
frame-buffer area

Detect errors in the
frame-buffer area

10G-EPON ONU

CPU

PHY PON-MAC
processing unit

Encryption
processing

unit

FEC
unit

Optical
module

PON-IF
UNI



Regular Articles

100NTT Technical Review Vol. 18 No. 12 Dec. 2020

reset. Specifically, reset counter i is provided to 
record the number of resets in the ONU. After the 
ONU is started, reset counter i is initialized to 0, and 
each autonomous reset increments the counter value 
by 1. When autonomous reset occurs repeatedly, reset 
counter i increases, and if the counter value exceeds 
the specified threshold, the device transitions to a 
failed state. This prevents endless repetition of auton-
omous reset and enables soft error failure to be distin-
guished from physical-defect failure.

5.   The results of our soft error countermeasure 
with neutron irradiation test

Neutron irradiation tests are generally conducted to 
reproduce soft errors. To measure the effectiveness of 
our soft error countermeasure, we subjected 
10G-EPON ONUs running the autonomous reset 
function to the neutron irradiation test [3] provided 
by NTT Advanced Technology based on the Tele-
communication Technology Committee (TTC) stan-
dard JT-K 130 [4].

In the neutron irradiation test, the target (beryllium) 
is irradiated with protons accelerated using a cyclo-
tron proton accelerator to generate neutron beams, 
and several 10G-EPON ONUs are irradiated simulta-
neously. This test uses a very high neutron intensity 
corresponding to about 100 million times the natural 

exposure rate (Fig. 6).
A main signal was connected to the 10G-EPON 

ONUs using an OLT and traffic-generator analyzer. 
To assess the possibility of log-file destruction due to 
the effect of neutron beams during the test, we col-
lected the logs inside the 10G-EPON ONUs in real 
time and measured all autonomous resets. Through 
this test, the 10G-EPON ONUs were exposed to neu-
tron beams equivalent to about 110,000 years per unit 
on average. Due to the irradiation, soft error was 
detected 1150 times per unit on average; among 
them, errors in the frame-buffer area, not the subject 
of autonomous reset, were confirmed 1104 times per 
unit, and fault recovery by autonomous reset was 
confirmed 46 times per unit.

Because the autonomous reset function worked as 
expected, it was confirmed that when the ONU exhib-
its a soft error fault, it can recover autonomously; 
thus, this is effective as a soft error countermeasure. 
If we assume that 10 million units will be deployed, 
we can expect to reduce the number of failures per 
year by about 4200.

6.   Future plans

We developed a countermeasure against soft errors, 
which are expected to become more frequent with the 
adoption of 10G-EPON ONUs. This countermeasure 

Fig. 5.   Transition flow of the autonomous reset function.
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will contribute to the reduction in ONU failures and 
in manual operations required by the user or carrier 
personnel. In the future, we will examine the applica-
tion of this countermeasure to other types of ONUs.
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Fig. 6.   Neutron irradiation test.
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1.   Introduction

The International Telecommunication Union - 
Telecommunication Standardization Sector (ITU-T) 
Study Group 15 Question 11 (Q11/15) have addressed 
the standardization of framing and multiplexing tech-
nologies for optical transport networks (OTNs) used 
in the backbone networks of telecommunication car-
riers. Of particular note, the OTN specified in ITU-T 
Recommendation G.709 has been widely applied to 
optical transmission systems as key technology to 
achieve long-distance and large-capacity transmis-
sion as well as cost reductions. Therefore, NTT has 
been extensively contributing to OTN standardization 
activities.

Section 2 outlines the OTN, specifically, the basic 
and latest framing/multiplexing technologies. Sec-
tion 3 explains Flexible OTN (FlexO), an enhanced 
interface that provides flexibility and scalability. 
Security has also become important in transmission 
networks, and Section 4 describes OTN and FlexO 
encryption technologies. Section 5 explains fifth-
generation (5G) mobile transport networks. Finally, 
Section 6 introduces future activities.

2.   OTN multiplexing and mapping structure

An OTN has two functions; (1) packaging various 
client signals into OTN frames and (2) multiplexing 
OTN frames into a higher-speed OTN frame (see 
Fig. 1). As shown in Fig. 2(a), an optical channel 
transport unit-k (OTUk) frame (k = 1,2,3,4) uses the 
fixed frame of 4 × 4080 bytes and contains three 
areas; the payload area accommodates the client sig-
nal, overhead (OH) area carries maintenance and 
control information, and forward error correction 
(FEC) area transfers redundant data to correct the bit 
errors that may occur during transmission. The OH 
area in Fig. 2(a) consists of three regions, optical 
payload unit (OPU) OH, optical data unit (ODU) OH, 
and optical transport unit (OTU) OH. The OPU OH 
includes information that supports the adaptation of 
client signals, ODU OH includes information for 
maintenance and operational functions to support 
ODU connections, and OTU OH includes informa-
tion for maintenance and operational functions to 
support OTU connections.

The OTN was originally standardized in 2001 with 
three bitrate classes, OTU1 (2.67 Gbit/s), OTU2 (10.7 
Gbit/s), and OTU3 (43.0 Gbit/s) to accommodate 
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synchronous digital hierarchy (SDH), which was the 
dominant client signal at that time. Next, OTU4 (112 
Gbit/s) was specified in 2010 to transport 100 Gigabit 
Ethernet (100GbE) [1]. Subsequently, with the devel-
opment of higher-speed client signals, such as the 
200GbE and 400GbE specified in the Institute of 
Electrical and Electronics Engineers (IEEE) 802.3, 
Q11/15 began discussing an OTN for rates beyond 
100 Gbit/s (Beyond 100G; B100G). The B100G OTN 
takes into account flexibility and extensibility, which 
are considered important features in addition to trans-
mission capacity. Therefore, the optical channel 
transport unit-Cn (OTUCn) frame (The index Cn is 
used for n × 100G (C = 100G); n is a positive integer) 
was specified to have an n multiplexing structure that 
concatenates OTUC frames that have 100G transmis-
sion capacity, as shown in Fig. 2(b). The OTUCn 
frame also supports multi-carrier transmission by 
using multiple optical signals (wavelengths) in paral-
lel, and the optical interface can be configured flexi-
bly by multiplexing OTUC frames according to the 
transmission speed per optical signal. The FEC area, 
which is one of the characteristic functions of the 
OTUk frame, is separate from the OTUCn frame and 
is specified not in G.709 but in G.709.1, G.709.2, and 
G.709.3. This is because it is necessary to specify the 
optimum FEC coding scheme and area according to 

the physical transmission speed of the optical signal. 
The next section describes how to transmit OTUCn 
frames in combination with FEC.

3.   OTN enhancements

Standardization activities have recently progressed 
towards aggregating multiple physical interfaces to 
configure large-capacity links. A well-known exam-
ple of aggregated virtual links is the Link Aggrega-
tion Group (LAG) of IEEE802.3ad, which bonds 
Ethernet physical interfaces. For example, a 
400-Gbit/s aggregated link can be configured by 
bonding four 100GbE interfaces with this LAG. 
However, the bandwidth of a data flow is limited to 
that of the physical interface since each single data 
flow is transported via only one of the physical inter-
faces. In this 400-Gbit/s-link LAG, a single flow can-
not exceed 100 Gbit/s. This limitation between the 
data flow and physical interface can induce traffic 
imbalances on some physical links. Therefore, it 
remains difficult to efficiently use the large-capacity 
link configured using the LAG. To overcome this 
challenge, the Optical Internetworking Forum (OIF) 
standardized Flexible Ethernet (FlexE) in 2016. 
FlexE configures large-capacity links by bonding 
multiple Ethernet physical interfaces similar to the 

Fig. 1.   OTN.
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LAG, but it can freely provide logical channels across 
multiple physical interfaces. The logical channel acts 
as an Ethernet link equivalent to a real physical inter-
face, as shown in Fig. 3.

In Q11/15, FlexO, which bonds multiple physical 
interfaces, was specified in Recommendation 
G.709.1 in 2017. FlexO transfers OTUCn, making 
the optical transmission flexible and scalable from 
both logical and physical aspects. Figure 4 shows an 
example of G.709.1; one OTUCn frame is mapped 

into n × FlexO frames, with each FlexO frame con-
taining one OTUC frame. The n × FlexO frames are 
combined, interleaved, and mapped into FlexO-x-
<fec>-m (m = [n/x], where [ ] is the ceiling function). 
For example, an OTUC4 frame can be transported 
using two 200G FlexO frames (m = 2, x = 2) or a single 
400G FlexO frame (m = 1, x = 4). Since it is assumed 
that FlexO will be applied to communication between 
adjacent network equipment, G.709.1 adopted KP4 
FEC (RS10(544,514)) as FlexO FEC (-<fec>-), 

Fig. 2.   OTU frame structure.
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which is the same as that of 200G and 400G Ethernet, 
which have transmission distances of up to 10 km.

NTT has been actively involved in and contributing 
to FEC discussions, believing that it is necessary to 
specify an FEC for metro and long-distance transmis-
sion to apply OTUCn/FlexO to practical OTNs. We 
took a leadership role in standardizing the best FEC 
possible. For example, we summarized various opin-
ions from many network service providers and ven-
dors and submitted many contribution documents to 
Q11/15 and Question 6 (Q6/15). In addition to stan-
dardization activities, NTT also has conducted and 
demonstrated inter-operability verification trials on a 
candidate FEC between optical devices developed by 
different vendors. After more than five years of these 
activities, Staircase FEC was successfully standard-
ized in 2018 as 100G FlexO FEC (Recommendation 
G.709.3). At the same time, Staircase FEC was also 
adopted as the FEC for long-reach OTU4 application 
in Recommendation G.709.2. NTT has also played a 
major role in open FEC (OFEC) standardization for 
450-km 200G/400G FlexO applications (G.709.3 in 
2020). OFEC is also adopted by the Open ROADM 

(reconfigurable optical add/drop multiplexer) Multi-
Source Agreement (MSA).

4.   OTN secure transmission

Due to the recent worsening of security risks, 
Q11/15 began discussing OTN cryptographic stan-
dardization, which covers two functions: encryption 
to prevent wiretapping and authentication to verify if 
the received frames were tampered with. Prior to the 
standardization study, there was a discussion about 
the order in which to proceed with the standardiza-
tion. Since FlexO OH can carry more cryptographic 
control information than OxU (OPU/ODU/OTU) OH 
and it seemed easy to study, Q11/15 decided to start 
with FlexO encryption. OxU encryption will follow 
after FlexO. 

Figure 5 illustrates FlexO frame encryption. The 
encryption area of FlexO consists of a payload region 
and a portion of the OH region. With regard to the 
encryption algorithm, it has been agreed to adopt a 
current algorithm (e.g., Advanced Encryption Stan-
dard (AES)*) rather than develop new ones. Studies 

Fig. 4.   FlexO frame example.
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and discussion are still on-going, but agreement in the 
near future seems likely.

5.   Slicing techniques for 5G mobile 
transport network

One of the characteristic requirements for 5G 

mobile networks is network slicing (Fig. 6 [2]). Net-
work slicing involves managing physical equipment 
(physical resources), such as servers and routers, as 
resources that can be partitioned virtually (virtual 

Fig. 5.   Example of FlexO frame encryption.
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links, virtual network functions, etc.). 
In Q11/15, these network-slicing requirements are 

specified in G.8300; it summarizes the requirements 
for 5G mobile transport networks and a new multi-
plexing technology, tentatively called Metro Trans-
port Network (MTN). MTN requires strongly isolat-
ed network slicing (hard slicing) to prevent interfer-
ence among slices that access the common physical 
network. 

Two candidate techniques have been proposed to 
achieve hard slicing; one is an OTN-based technique 
and the other is a FlexE-based technique. In the for-
mer, the payload area of high-speed OTN frames is 
divided into small areas called time slots, and low-
speed frames are allocated to them so that hard slicing 
can be achieved by treating the OTN time slots as 
virtual resources. In the latter, the logical channel is 
used to implement hard slicing. These two techniques 
are specified in Supplemental G.sup.67.

6.   Future activities

OTN technologies, which play important roles in 
the information society, will become even more 
important. NTT will continue contributing to stan-
dardization activities in ITU-T while staying informed 
about technological trends in optical transmission 
and advancing discussions in other standardization 
bodies and MSAs.
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1.   Introduction

Digital cordless telephones based on the personal 
handy-phone system (PHS) (hereafter, called the 
DCL) enable voice communications between a mas-
ter unit called a cell station (CS) and a slave unit 
called a personal station (PS) via digital wireless 
communications. The DCL is widely used by busi-
ness customers and consumers in Japan. On the other 
hand, the digital enhanced cordless telecommunica-
tion system (DECT), which uses the same frequency 
band as the DCL (i.e., 1.9-GHz band), has come into 
wide use as digital cordless telephones and intercoms 
for consumers. This indicates that these two wireless 
systems, the DCL and DECT, co-exist in the same 
frequency band, and the number of technical consul-
tations concerning problem cases has been increas-
ing.

The Technical Assistance and Support Center 
(TASC) of NTT EAST has published a manual to 
provide efficient and simple troubleshooting methods 
for digital cordless telephones for maintenance per-
sonnel on site. This manual presents simple tech-
niques for evaluating wireless communication condi-
tions without the need for dedicated measurement 

instruments, such as a spectrum analyzer or wireless 
protocol analyzer. It also provides a simple procedure 
on how to determine the cause of a problem.

2.   Features of DCL and DECT

The DCL [1] and DECT [2], which both use the 
1.9-GHz band, have the following features (their fre-
quency allocations are illustrated in Fig. 1 [3]). 

•	 �DCL: When a call channel is used, the carrier-
sensing function automatically selects an unoc-
cupied channel. It automatically switches chan-
nels when interferences occur during a call.

•	 �DECT: Before the revision of the Radio Law in 
October 2017, it had five channels (from ch 1 to 
ch 5), and the use of three channels (from ch 2 to 
ch 4) was prohibited when a DCL radio wave is 
detected for the purpose of protecting the DCL 
control channels (ch 12 and ch 18). After the 
revision, the total number of channels was 
increased to six. Currently, the use of ch 1, ch 2, 
ch 5, and ch 6 is allowed and the use of ch 3 and 
ch 4 is conditionally allowed depending on their 
transmission power.

Manual for Assisting with 
Troubleshooting in PHS Digital 
Cordless Telephone Systems
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3.   DCL problem-isolation process flow

Table 1 summarizes the problems, estimated 
causes, and their countermeasures concerning the 
DCL categorized using the data gathered from cases 
we have dealt with thus far. The problems concerning 
the DCL claimed by customers are roughly divided 
into (i) “call is breaking up,” (ii) “no sound,” and (iii) 
“intermittent sound.” There are three factors that lead 
to such problems: (a) handover, (b) insufficient 
received signal strength, and (c) interference with 
other wireless systems. The following are examples 
of such problems:

Let us consider a case in which multiple CSs are 
installed in an area and a customer holds a PS that is 
registered with one of those CSs. The PS monitors 
radio waves from the registered CS and receives radio 
waves from other unregistered CSs. It switches its 
registration to another CS when the received signal 

strength of the radio waves becomes weaker due to 
the customer moving around. This operation is called 
handover and a time lag of about one second occurs 
by switching CSs, which is a normal operation of 
wireless communication. However, some customers 
claim that a problem occurred and say, “the call was 
interrupted” or “no sound.” In another case in which 
some CSs are closely located and their reach over-
laps, a PS could attempt to keep receiving radio 
waves from the registered CS even when the received 
signal strength decreases. In this case, the handover 
does not work well. This may increase errors and lead 
to deterioration in call quality.

To solve these problems, the terminal-maintenance-
mode of the PS enables easy checking of radio com-
munication on site. This mode enables checking of 
the received signal strength (level), identifier (ID) of 
the registered CS (BS-ID), and frame error rate 
(FER). Various causes of a problem can be isolated by 

Fig. 1.   Frequency allocation of the DCL and DECT. 
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Table 1.   List of estimated causes and countermeasures obtained from DCL problems cases.

Problem Estimated cause Countermeasure

• Call is breaking up
• No sound
• Intermittent sound, etc.

Handover* Placement redesign of CS 

Insufficient received 
signal strength

• Placement redesign of CS 
• Installation of additional CS 

Interference with the 

*Even in the case of normal handover operation, the call is interrupted for about 1 s.

DECT
• Turning off DECT terminal 
• Unification of wireless system (DCL or DECT)
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comparing these values before and after the problem 
occurred.

A troubleshooting flow chart is shown in Fig. 2. 
Before troubleshooting, the area where the problem 
occurred is estimated through consultations with the 
customers, and reproduction of the claimed problem 
is attempted. After the problem is observed, the PS is 
set to the terminal-maintenance mode, and three 
parameters are evaluated. First, the ID of the cur-
rently registered CS (displayed on the PS) is checked, 
and the PS is moved to where the problem occurred. 
The ID of the registered CS before handover is com-
pared with that after the handover. If the CS selection 
is appropriate, the received signal strength is then 
checked. The DSL determines if there is insufficient 
received signal strength and executes handover when 
the received signal strength is 30 dBμV or less. 

Around this limit of 30 dBμV, errors sometimes occur 
due to quality deterioration of the call. If both CS 
selection and received signal strength are appropriate, 
the FER is finally evaluated. If the FER increased 
(approximately 24 or higher), the DECT or other 
wireless systems could be interfering with the DCL.

By investigating a case according to the procedure 
in the manual using the terminal-maintenance mode, 
the cause of the reported problem could be deter-
mined and the primary countermeasure could be 
applied on site.

4.   Example case of problem

4.1   Details of problem
A customer using a DCL of the αA1 key telephone 

system reported that “calls in the store are breaking 

Fig. 2.   Flow chart of problem isolation in the DCL.
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up.” The customer’s equipment is illustrated in Fig. 3. 
A CS is installed near the center of the first floor in 
the store. 

4.2   Investigation and results
The PSs were set to the terminal-maintenance 

mode on the first floor of the store, and the investiga-
tion was conducted according to the flow chart shown 
in Fig. 2. In this case, the handover was not executed 
since there was only one CS. The investigation was 
therefore started by checking the received signal 
strength. The strength in the customer’s store was 40 
dBμV or higher, so there was no issue with that. Then 
the FER was checked, revealing that the FER 
increased in a specific place in the store. 

The results of this investigation following the 

manual indicate that radio waves of other wireless 
systems may have been interfering with the DCL 
radio waves. However, no equipment using other 
wireless systems was found in the store. To evaluate 
the electromagnetic environment in more detail, the 
radio-wave spectrum was measured using a spectrum 
analyzer where the problem occurred. The results of 
that measurement are illustrated in Fig. 4. The fre-
quency spectrum and spectrogram (i.e., time change 
of the spectrum) when a call was interrupted are 
shown in Figs. 4(a) and (b), respectively. From Fig. 
4(a), we can see the DCL signals exist in the fre-
quency band of the DECT. Similarly, the spectrogram 
revealed that the DCL and DECT signals overlap. 
These results indicate that the reported problem was 
due to interference between the DCL and DECT 

Fig. 3.   Configuration of customer’s equipment.
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radio waves.

4.3   Estimation of cause
As a result of investigating the electromagnetic 

environment including the area outside the custom-
er’s store, we found that DECT terminals were being 
used in an adjacent store and the radio waves from 
those terminals were interfering with other terminals 
in the customer’s store. The DECT can usually pre-
vent interference with DCL radio waves by detecting 
the usage status of radio waves with carrier sensing 
and switching channels depending on the results. 
However, in the case of this customer’s environment, 
interference prevention would not work well because 
the terminals in the two stores were far apart.

4.4   Countermeasure
We confirmed that wireless signals including those 

from the adjacent store are transmitted by less than 12 
slots in the customer’s area and replaced the custom-
er’s PSs, i.e., A1-DCL-PS terminals (DCL), with 
A1-DECT-PSSET terminals (DECT), which can be 
adapted for up to 12 slots (12 terminals) in the same 
frequency band.

5.   Current status of DCL problems

The number of technical consultations concerning 
the DCL using the 1.9-GHz band is gradually increas-
ing; we had 159 cases in 2018. The main reasons of 
the consultations are “the call is breaking up,” “can-
not make a call,” etc., and analysis of our on-site 
investigation revealed that most causes of those prob-
lems are either interference with the DECT or hando-
ver. Moreover, some customers using the DCL often 
report one-second interruption caused by normal 
handover operation as a problem. Thus, it is impor-
tant to explain that handover will occur with some 
interruption to customers before they start using the 

DCL.
When a problem occurs, using the terminal-mainte-

nance mode of PSs helps determine the problem 
because service personnel can determine the operat-
ing status of the PSs and radio-wave environment. 
Based on such information, measures that optimize 
the wireless environment, such as adjusting the 
installation position of CSs, increasing or decreasing 
the number of installed CSs, and adjusting their sig-
nal power can be implemented. 

The “DCL Troubleshooting Manual” is available 
for download at CyberTasc (URL: https://www.
cybertasc.com/), a site for disseminating information 
to telecommunication construction companies (lim-
ited access and written in Japanese). 

6.   Conclusion

This article introduced the content of the trouble-
shooting manual concerning the DCL. TASC pro-
vides this manual to improve the efficiency of such 
troubleshooting in the field. The Network Interface 
Engineering Group in TASC works on solving vari-
ous problems related to the network protocol, inter-
face, signals, and so on, toward early resolution of 
problems on site. TASC will continue to actively 
engage in technical cooperation and development and 
disseminate its technologies through activities such 
as technology seminars.
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Relationship between Scenery Structure and Illusion 
Strength on the Basis of the Three-dimensional Interpreta-
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September 2020.
When the shadows of a group of linear columns projected on a 

stepped three-dimensional (3D) plane are diagonally viewed, the 
retinal image shows a geometric pattern that is similar to the Café 
wall illusion, which is a popular geometric illusion. In this study, we 
investigated the relationship between the geometric structure of a 

scene, such as the 3D shape, viewing angle, and direction of the light 
source, and the strength of the Café wall illusion perceived from the 
retinal image of those 3D situations. The difference in the depth at 
which the shadows fall should be approximately 1–2% of the obser-
vation distance to result in a strong Café wall illusion. The results of 
our investigation indicate that the information of the shadow that falls 
on an object is an effective clue for estimating the shape of the object 
surface with relatively small depth differences in the case of large 
viewing distances.
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