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In March 2020, NTT DOCOMO began providing commercial 5G communica-
tions 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 communications device (a Wi-Fi router), and have introduced sev-
en services utilizing the high speed and high capacity of 5G, such as “Shintaikan 
Live CONNECT,” which enables multi-angle (multi-viewpoint) and VR live viewing. 
This article describes the history of NTT DOCOMO’s development work and 

co-creation with partner companies and organizations in realizing 5G, from when 
we started studying 5G through to provision of these services. 

 
 
 

1. Introduction 
In 2010, when NTT DOCOMO began our LTE 

services, we started investigating fifth-generation 
mobile communication 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 
February 2018, we started the “NTT DOCOMO 5G 
Open Partner Program,” to promote co-creation of 

5G Use Cases 5G Trials 5G Concepts 
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Figure 1  History of 5G concepts in external presentations 

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)  
The history of 5G concepts arising in external 

presentations is outlined in Figure 1. In about 2010, 
looking forward to 2020, mobile communication traf-
fic was expected to increase rapidly, by a factor of 
1,000 in ten years, so to realize such requirements, 

we proposed a “cube” concept (improve spectral 
efficiency*1 × expand frequency bandwidth × in-
crease network density) as a direction for technical 
advancement [2]. In around 2011, we proposed spe-
cific technical candidates for implementing this cube 
concept, such as a radio access technology com-
bining 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-terminal 
connectivity, and the current definition of 5G com-
bining extensions to LTE and a New Radio Access 

2010 2011 2012 2013 2014
(5G White Paper)

Fig. (a) Major market/service 
trends toward 2020 
and beyond

Fig. (b) DOCOMO’s 5G 
targets

Fig. (c) Directions of evolution: 
“The Cube”

Fig. (d) Evolution paths 
toward 5G

Fig. (e) DOCOMO’s 5G radio 
access concept

 
 

 
 
 
 
 
 

*1 Spectral efficiency: The number of data bits that can be trans-
mitted per unit time and unit frequency. 
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Figure 2  History of 5G Simulator 

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 an-
ticipated for the 5G era [5]. In this way, the basic 
concepts and radio access technologies for 5G ad-
vanced, 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 fre-
quency bands [6] [7].  
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 exhibit of 5G, a demonstration was given us-
ing 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 Figure 2, 
development of the 5G simulator 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 technology was on 
using high-frequency bands efficiently, with Massive 
Multiple-Input Multiple Output (Massive MIMO)*3, 
in 5G research projects such as “Mobile and wire-
less 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 separation) [9] and Non-Orthogonal Multiple 
Access (NOMA)*6 [10]. These radio technologies 

2016201520142013

“3GPP Cell model” “Shinjuku model” “Stadium model”
“Rural model” 
(YRP 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 1,000x 

for 5G+.

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

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

“Rural model” 
(Ise-Shima version)

 
 

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

*3 Massive MIMO: Large-scale MIMO using a very large num-
ber 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: EU research project laying the foundation of 5G wire-

less technology. Ran from November 2012 to April 2015. Par-
ticipants included communication vendors, mobile carriers, and
universities. A successor project, METIS-II ran from July 2015
to June 2017. 
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Figure 3  20 Gbps field trial 

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 
technologies, NTT DOCOMO conducted 5G trials 
collaborating individually with major global ven-
dors. In May 2014, we announced joint testing with 
six companies [11], and in July 2015, we expanded 
this to 13 companies [12]. Through joint testing 
with each of these companies, we verified 5G ra-
dio access technologies such as Massive MIMO in 
frequency bands 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 Gbps in 

an outdoor environment (Figure 3). Results of oth-
er major 5G trials published in press releases are 
shown in Table 1. By March 2018, we had given 
170 conference presentations based on these 5G 
trials [13]. 
Starting around 2016, we have developed vari-

ous use cases utilizing features of 5G in collabora-
tion 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 environments 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 Min-
istry of Internal Affairs and Communications (MIC) 
has conducted “5G Field Trials,” toward creation of 
new markets and new services and applications, with 
participants from various application fields [15]. The 

Massive-MIMO antenna

Base station 
antenna

Mobile 
station 

#1

Mobile 
station 

#2

Two-user total 
throughput

NTT DOCOMO R&D Center

 

*5 Phantom cell: The name of the advanced small-cell system
proposed by NTT DOCOMO, with the basic concept of C/U
separation. Reflected under “Dual Connectivity” in 5G stand-
ardization. 

*6 NOMA: A method for improving efficiency of multiple access
by permitting resources to overlap among users when allocat-

ing resources such as time, frequencies, or codes to multiple
users. 
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content of 5G field trials conducted by NTT DOCOMO 
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 Gbps ultra-high-speed communication 
in densely populated areas and service and appli-
cation trials using 4.5 GHz and 28 GHz bands in 
the application fields of entertainment, smart city 
and medicine [16]. NTT DOCOMO also participated 
in 2 Gbps high-speed communication trials while 
moving at high speed (GII), which were conducted  

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

Press  
release date Test results Trial partner 

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

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

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

2015/11/26 Successful data communication receiving over 2.5 Gbps 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 Gbps 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 Gbps 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 Gbps, 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 Gbps 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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 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 (1) Protection against snow damage using 5G (improving  
efficiency of snow removal) 

Eiheiji Town, Fukui  
Prefecture   ○ 
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Figure 4  NTT DOCOMO 5G Open Partner program 

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 ultra-high-speeds (GI) averaging 4 to 8 Gbps 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 Gbps 
for fast-moving objects traveling at 60 to 120 km/h 
(GII), and in the field of transportation in addition 
to entertainment [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 outlying areas [18]. 5G field trials in FY2019 
emphasized user models that use 5G to solve re-
gional issues or contribute to regional revitalization, 

encompassing results from the idea contest described 
above, and from earlier technology trials. This in-
volved trials with various new collaboration part-
ners in various application fields [19].  

4. Creating Solutions with Partners 
To expand initiatives for creating new user sce-

narios with a wide range of partners, NTT DOCOMO 
started the “DOCOMO 5G Open Partner Program” 
in February 2018 (Figure 4). This program provided 
information regarding 5G technologies and specifi-
cations to partner enterprises and organizations, 
and 5G Partner Workshops as a place for them to 
exchange ideas with each other. As of the end of 
June 2020, there were 3,440 partners participating. 
NTT DOCOMO also operates the “DOCOMO 

5G Open Lab” as a permanent 5G technology test 
bed, providing partners with test equipment free 

Initiative to create new businesses with a wide 
range of business partners using 5G

2010 2017 2018 to 2019･･･

Basic trials 5G Trial site

2020
＊As of June-end, 2020

Services

Construction

Retail

Entertainment
Education

Transportation

Media

Finance

©2020 NTT DOCOMO, INC. All Rights Reserved.

Participating 
companies

＊

3,440

Use DOCOMO 5G to
expand co-creation,
create new markets,
solve societal issues

Manufacturing
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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 us-
ing 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 capacity, low latency, 
and multi-terminal connectivity. As of the end of 
June 2020, DOCOMO 5G Open Lab had 11 loca-
tions in Japan and internationally. DOCOMO 5G 
Open Lab is also providing the “DOCOMO Open 
Innovation Cloud” trial environment connected di-
rectly to cloud computing infrastructure and is 
conducting technology verification. 
NTT DOCOMO also began the “5G pre-commercial 

service” in September 2019. It uses the same net-
work equipment and frequency bands as 5G com-
mercial services, and represents the start of ser-
vices substantially the same as connecting to a 5G 
commercial service, enabling business creation to 
begin in earnest, and allowing users to experience 
an environment equivalent to a 5G commercial ser-
vice. The 5G pre-commercial service is for the over-
3,000 partners participating in the DOCOMO 5G 
Open Partner Program, and by lending out termi-
nals that support the 5G pre-commercial service 
together with provision of 5G Open Lab, over 200 
of field trials have been conducted throughout Ja-
pan, toward creating industries using 5G and solv-
ing social issues. From these, seven services and 
22 solutions produced through co-creation with all 
of our partners, such as Shintaikan Live CONNECT, 
were announced at the start of 5G services, focused 
on solving social issues such as “advancing industry,” 
“reform work practices.” In the future, we intend 

to provide new kinds of value related to work prac-
tices, utilizing the 5G features of high speed, high 
capacity, and low latency, and focusing on areas 
such as remote work support and high-definition 
video transmission. 

5. Conclusion 
In this article, we have described the path lead-

ing to the start of 5G services by NTT DOCOMO. 
In the future, NTT DOCOMO will continue to study 
technologies and conduct R&D, with the goal of 
further advancing 5G. 
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