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➢ History of Generations: 1G to 5G

Topics



1G 2G 3G 4G 5G

6G

1970s 1980s 1990s 2000s 2010s 2020s 2030s

PDC

GSM

IS-95

IS-136

NTT

AMPS

NMT

C-Netz

RC-2000

WCDMA

CDMA
2000

LTE/

LTE-A

PHS

WiMAX

TACS 5G

Wireless MAN

Wireless WAN

Cellular System
6G

Today

“Throughout its long history, 
telecom standardization has helped make people's 
lives more convenient and society more efficient.”
•Global coverage of services
•Cost reduction by economies of scale and competition principle

1G 2G 3G 4G 5G

More effort is needed to achieve a truly affordable and even better ecosystem.



1G
Analogue Cellular
Each country developed and deployed different systems.

No effort for a global standard



携帯
前史Evolution of Cellphones

TZ-801
1979 Dec. Car phone
6600cc, 7kg, 5W

TZ-802A
1985 Sept. Portable
1500㏄, 2.9kg, 5W

TZ-802B
1987 Apr. Mobile
500cc, 900g, 1W

TZ-804B
1991 Apr. (mova)
150cc, 230g, 0.6W

DynaTAC 8000X
1984
Around 800g

MicroTAC 9800X
1989 Apr.
303g

Source：WIRED “The 12 Cellphones That Changed Our World Forever” 

https://www.wired.com/2013/04/influential-cellphones/

Source： http://history-s.nttdocomo.co.jp/list.html

Japan

US
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2G
Digital Cellular

European standard GSM became a de facto global standard.
Some effort to seek commonalities against the backdrop of world's economic competition 
and high-tech friction.

Result of market efforts after 
completion of standards



Global Deployment

Source：WORLD TELECOMMUNICATION DEVELOPMENT REPORT 1999, ITU
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3G
IMT-2000

Since 3G standardization aimed at a globally unified standard, 
after fierce discussions, the number of standards was narrowed down. 

Maximum effort toward unified standard,
but failed to achieve a single standard



3G Standardization Discussions

Informal

dialog
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TD-CDMA versus W-CDMA

http://www.motorola.com/


Radio interface Radio/switch

interface

Inter-network

interface

Overview of IMT-2000

MS BTS BSC CN

W-CDMA
Evolved GSM network interface that

takes into consideration continuous

support of the PDC services

Other

networks

DoCoMo will support W-CDMA ( ETSI SMG2 Alpha concept)

in terms of Technical advantages and Global potential.

W-CDMA採用への働きかけ

ドコモは、世界に普及したGSMコアネットワークをベースとすることを受
け入れる一方で、無線インタフェースはW-CDMAとすることを主張した。

当時、欧州オペレータに提示したスライド



3G Standardization Discussions

Informal
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ETSI SMG2

Concept Percentage

α: W-CDMA 61.1 % 930

β: OFDMA 0 % 0

γ: W-TDMA 0.2 % 3

δ: TD-CDMA 38.7 % 590

Individual 
weighted 

votes

The 1st Voting Result
In Europe

W-CDMA vs. 
TD-CDMA



ETSI Consensus Decision

• Paired band: W-CDMA of ETSI Alpha group

• Unpaired band: TD-CDMA of ETSI Delta group

• Additional objectives
– Low-cost terminal

– Harmonization with GSM

– FDD/TDD dual-mode operation

– Fit into 2*5 MHz spectrum allocation

Japan

Europe

Paired band

FDD

TDD

A compromise was agreed to adopt both concepts, 
where W-CDMA is applied to major frequency bands.

1885 1895 1918.1 2025 2110 2200 MHz

PHS
MSS

IMT-2000
MSS

1880 1900 2025

DECT MSS

2110 2200
MHz

MSS

21861996 2010

1980 2010 2170

IMT-2000

IMT-2000 IMT-2000

Unpaired band



3G Standardization Circumstances

Informal

dialog

1996 1997 1998 1999 2000

W-CDMA

W-CDMA

TD-CDMA

W-TDMA,etc.

conflict

ARIB

Wide-band

UTRA/ W-CDMA

Japan

Europe

US CDMA

TDMA

FDD: W-CDMA

TDD: TD-CDMA

WP-CDMA

UWC-136

cdma2000

US

OHG
harmonizationETSI

decision

collaboration

Korea

ITU Proposal

In Japan

W-CDMA vs. BDMA

Japan vs. US
Wideband vs. Narrow

Is 2Mbps needed ?

In Europe
W-CDMA vs. 

TD-CDMA

Harmonization

W-CDMA vs. 
CDMA2000



Harmonization between CDMA2000 and WCDMA
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Proposal
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・Regional option
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Harmonized

Global 3G

(G3G)

SDOs held a meeting for harmonization, but the discussion was 
prolonged. Harmonization proposal was agreed at OHG.
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CDMA2000 versus W-CDMA
W-CDMACDMA2000

Winners

http://www.motorola.com/
http://en.wikipedia.org/wiki/File:Lucent_Technologies_logo.svg


3GPP was established.

New standardization framework
with 3GPP, regional SDOs and ITU



4G
LTE
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(IMT-2000/IMT-Advanced)

LTE, which is a long-term evolution from W-CDMA, having market 
potential, became the mainstream.

A single standard determined by the 
market, not standardization



3G Standardization History and Epilogue
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Informal

dialog

1996 1997 1998 1999 2000

W-CDMA

W-CDMA

TD-CDMA

W-TDMA,etc.

conflict

ARIB

Wide-band

coordination

Japan

Europe

US CDMA
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US
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decision
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In Japan

W-CDMA vs. BDMA

In Japan

W-CDMA vs. BDMA

Japan vs. US
Wideband vs. Narrow

Is 2Mbps needed or not ?

Japan vs. US
Wideband vs. Narrow

Is 2Mbps needed or not ?

In Europe

W-CDMA vs. TD-CDMA

In Europe

W-CDMA vs. TD-CDMA

Harmonization

W-CDMA vs. CDMA2000

Harmonization

WW--CDMACDMA vs. vs. CDMA2000CDMA2000

2008

The market determined the standard
10 years after the standardization.

UMB

W-CDMA

CDMA2000

LTE
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4G
LTE (IMT-2000/IMT-Advanced)

In the early stages of standardization, around 2004, few people were 
interested in 4G. Rather didn't like.

New G, 4G, was not welcomed in the 
early stage just after huge 3G investment



History of 4G Research at NTT DOCOMO

100Mbps
in 2002-2003

1Gbps
in 2004-2005

5Gbps
in 2006

Background: 4G research outcome of over 1Gbps data transmission

NEW



3G Subscriber Growth
On the other hand, 3G services had not been well accepted  by the market.

Lesson 2：Migration Scenario



Super3G concept

March 28, 2008 DoCoMo / Seizo ONOE 28Copyright© 2008 NTT DoCoMo, Inc. All rights reserved
26th May 2004, ICB3G

migration to migration to ４４GG
NOW

3G Evolution

4G Launch

3G

(2010s）

3G

3G

4G 4G

3G

3G
４Ｇ

3G

４Ｇ

3G 3G
3G

4GSuper3G Super 3G
４Ｇ

Super 3G

Scenario 2:

Maximize existing 

3G NW assets in 

building 4G

Scenario 3:

First evolve 3G, then 

build 4G on top

Scenario 1:

Independent 4G 

system

26th May 2004, ICB3G

Ideas on migration to 4G (3)Ideas on migration to 4G (3)

NOW 4G Evolution4G Launch

Scenario 3 ： First evolve 3G, then build 4G on top

→ Extensibility is greater than Scenario2

→Cost is lower than Scenario1

(Innovative 4G evolution possible)

3G Evolution

3G 3G
3G

4GＳｕｐｅｒ3G Ｓｕｐｅｒ3G

４Ｇ

Ｓｕｐｅｒ3G

※Ｓｕｐｅｒ3Ｇ ： The  name ｏｆ Enhanced3G called  in  DoCoMo

(2010s）

26th May 2004, 
ICB3G

Smooth path to the next generation was essential.

⇒In, 2004, DoCoMo proposed Super3G concept

for the smooth path to 4G.

Advocated the Super 3G concept for the smooth introduction of 4G. 

First evolve 3G, then build 4G on top.  The first evolved 3G was called Super 3G.



TSG-RAN Meeting #26
RP-040461
Athens, Greece, 8-10, December, 2004
Agenda Item:8.12
Source: NTT DoCoMo, Alcatel, Cingular Wireless, CMCC, Ericsson, Fujitsu, Huawei,                                             

LG Electronics, Lucent Technologies, Mitsubishi Electric, Motorola, NEC, Nokia,
Nortel Networks, Orange, Panasonic, Philips, Qualcomm Europe, Samsung, Sharp,
Siemens, Telecom Italia, Telefonica, TeliaSonera, T-Mobile, Vodafone

Title: Proposed Study Item on Evolved UTRA and UTRAN 
Document for : Discussion and approval

In the RAN Future Evolution Workshop, many of the presentations pointed out the need  of 
3G long-term evolution to meet the future demand and to maintain its competitive position for 
coming decades. Several interesting new technology components such as OFDM with a flexible and 
broader RF bandwidth were presented as potential candidates for the evolution. It was pointed out 
such a technology enhancement should be applied to UTRAN architecture as well as the UTRA 
radio interface.
It is proposed that 3GPP should initiate the feasibility study of the long-term evolution accounting 
for the above situation. In this paper, a Study Item Description is presented for this study.

Concerning the time plan, we propose to complete the feasibility study by June 2006 and envisage 
all relevant core specifications by June 2007.

Input Document to the 3GPP RAN Plenary Meeting

The document for the Study Item did not have the term "4G" nor "LTE", only used the 
general term "3G long-term evolution". Later, the abbreviation for the Work Item name 
became LTE, and it came to be called LTE.

新聞記事



LTE誕生秘話
Secret Story of LTE Birth - a petit boast- (プチ自慢)

- Prehistory of LTE Standardization -

A Slide used for initiating the standardization 
in a meeting with an influential vender

March 8, 2004

Specs approvalStandardization 
start

Development 
completion

ベンダ社内誌

In early 2004, DOCOMO predicted the milestones, which happened.



3G Subscriber Growth

3G:W-CDMA

LTE
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Lesson 1：Launch timing

The world’s first is not always 
necessarily good.
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3G:W-CDMA



“DOCOMO’s Change and Challenge to Achieve New Growth” 31 October, 2008

One of the First Group

October 14, 2015Seizo ONOE 29

CEO Mr. Yamada
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The Father of LTE

Episode



⚫ 1st Law: Law of

Previous Generation Boom just before the Next

⚫ 2nd Law: Law of

Great Success Only in Even-Numbered Generations

⚫ 3rd Law: Law of

Advent of Next Generation Services after Network Launch

⚫ 3rd Law of Triviality: Law of 

Birth of Next Generation Services in Previous Generations

Laws of Mobile Communication Generations



◼This actually happened in previous generations.
⚫HSPA+ (enhanced 3G) was booming just before 4G(LTE) launch.
⚫EDGE (enhanced 2G GSM) flourished just before 3G(W-CDMA) launch.

Previous Generation Boom just before the Next
(4G regains popularity just before 5G launch)



In the Q&A

(who also push very hard for LTE and don‘t want to invest much more 

into the HSPA network) what he thought of HSPA+. 

Seizo 

so he was of course not quite in 

on his face that 

the mobile devices and one should go to LTE straight away. I had to 

smile as well, that was brought over very well. But no matter, HSPA+ 

will go into handsets anyway, that's my opinion. 

https://blog.wirelessmoves.com/2009/02/mwc-roundup.html

Onoe seems to be one of the “fathers” of LTE,

第1法則結末

https://blog.wirelessmoves.com/2009/02/mwc-roundup.html
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The Father of 5G ?

Episode 2



・・・・
Also, a big thanks to Secretary-General Mr. Houlin
ZHAO,・・・

The Secretary General, Houlin ZHAO-san, started calling me
“the father of 5G” since his address at Japan’s reception
during WTDC in Kigali this last June.
I'm delighted to be approved as “the father of 5G” by the
ITU Secretary-General. It is a humbling blessing to be called
the father of LTE and the father of 5G.

In my private life, I'm the proud father of two children both
of whom are now independent adults. I must express
gratitude to my wife whose support raised good children
while helping me be a better father.
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5G
5G

The 5G boom created cross-industry collaboration and accelerated the 
launch of 5G, but it also caused confusion in the system development.

A natural evolution from 4G LTE
Positive/negative aspect by 5G boom



MWCS
2019

MWCS2017

MWCS2016

MWCS2015

MWCS2018

MWC2015 MWC2016

MWC
2017

MWC2018

MWC
2019

5G Boom

・・ ２０１３ ２０１４ ２０１５ ２０１６ ２０１７ ２０１８ ２０１９２０１０ ２０２０・・
Mar. 2-5, 2015

２０１６ ２０１７ ２０１８ ２０１９ ２０２０

5G Boom started. No.1 Buzz word in MWC headlines



➢5G is millimeter wave technology.

➢5G is a hot spot system.

➢5G launch needs new 5G spectra.

➢5G is IMT-2020 defined by ITU.

➢5G replaces 4G.

➢For 5G, all things need something new.

➢5G needs significant investment.

Myths about 5G

People are trying to jump on the 5G bandwagon.

5G5G





The 4th Meeting of the APT Preparatory Group for PP-22
1-5 August 2022 Bangkok, Thailand

54555657585960616263646566676869707172737475757677



5G Bandwagon



➢5G is millimeter wave technology.

➢5G is a hot spot system.

➢5G launch needs new 5G spectra.

➢5G is IMT-2020 defined by ITU.

➢5G replaces 4G.

➢For 5G, all things need something new.

➢5G needs significant investment.

Myths about 5G

People are trying to jump on the 5G bandwagon.

5G5G

草を短くしたバージョン

Let’s get on the 5G bandwagon
and create new business  models

through the collaborations across industries.

The cross-industry collaboration will be the key to success for 5G.

6G discussion has begun: Hope to discuss standards for sustainable further evolution for 6G and after.



Operators declaring 5G launch before 2020

・・ ２０１３ ２０１４ ２０１５ ２０１６ ２０１７ ２０１８ ２０１９２０１０ ２０２０・・
2016 Jan.-May



DOCOMO

EVP and CTO

I can't say that.
Droped from the project.

I understand, but ...
Anyway, say "No".

At meetings during MWC

A vender

SVP and CTO 

Troubled
face

Feb. 22-25, 2016

Onoe-san, help me. Please do 
something about a US major operator.

He believes it's possible because you say "I can". 
You should say that you can't do what you can't do.

A vender

Group President

Troubled
face

A vender

President, EVP

Troubled
face

DOCOMO

EVP and CTO

DOCOMO

EVP and CTO

I can't say that.
Dropped from the project.

I understand, but ...
Anyway, say "No".

I can't say that.
Dropped from the project.

I understand, but ...
Anyway, say "No".

Onoe-san, help me. Please do 
something about a US major operator.

He believes it's possible because you say "I can". 
You should say that you can't do what you can't do.

Onoe-san, help me. Please do 
something about a US major operator.

He believes it's possible because you say "I can". 
You should say that you can't do what you can't do.

・・ ２０１３ ２０１４ ２０１５ ２０１６ ２０１７ ２０１８ ２０１９２０１０ ２０２０・・

The content of the conversation for illustrative purposes only. Actual content varies.

I understand, but ...
Anyway, say "No".

I can't say that.
Dropped from the project.



Verizon

AT&T DOCOMO

Qualcomm

Vodafone

Moderator

C Spire

Formerly Sprint

April 20-22、2016

We should avoid fragmentation due 
to the early deployment.

Moderator

Verizon
KT

May 27, 2016FCC

US

MIC
Executives of regulators 

in US and Japan

DOCOMO

Japan

I can talk about DOCOMO’s experience in 3G.
The front runner should take risks. 

The scenario to standards should be shown. 
The front runner should take responsibility. 

No problem. The specs are open.

・・ ２０１３ ２０１４ ２０１５ ２０１６ ２０１７ ２０１８ ２０１９２０１０ ２０２０・・

https://www.nttdocomo.co.jp/corporate/technology/rd/tech/5g/5g_event/5gtbs2016.html

http://style20.jp/rd/uploads/2016/07/5G-TBS-2016r2.jpg
https://www.nttdocomo.co.jp/corporate/technology/rd/tech/5g/5g_event/5gtbs2016.html


世界初の商用5Gサービス
「ベライゾン5Gホーム」
10月1日に開始。9月13日
からオンライン申し込み。

ベライゾンが固定5Gサービスを開始

・・ ２０１３ ２０１４ ２０１５ ２０１６ ２０１７ ２０１８ ２０１９２０１０ ２０２０・・
2018年10月1日

file:///D:/◎公開プレゼン資料(2019～+2020.4.1～)コア/★次世代ワイヤレス技術講座(尾上)20211119v2.pptx#356. PowerPoint プレゼンテーション


Apr. 4th, 2019

Apr.3rd, 2019

・・ ２０１３ ２０１４ ２０１５ ２０１６ ２０１７ ２０１８ ２０１９２０１０ ２０２０・・
2019 Apr. 3rd

Brooklyn 5G Summit

The world’s first 5G Smartphone



➢ Future Beyond 6G toward 12G

Topics



Will Onoe’s Law of generations hold?
second



Law of Great Success Only in Even-Numbered Generations

2G

3G

4G

5G

6G

1G

Fragmented standards            
Limited deployment

A de-facto global standard
More-than-expected demand

Slow deployment
Spectrum auctions & economic situation
Less-than-expected demand

Rapid global deployment. 
LTE is the single global standard
(no other standard implemented).

More-than expected demand

？？？
LTE-based technology

？？？？？？

We have to wait until 6G to see our expectations for 5G fulfilled.
6G will be the complete form of 5G

(Onoe’s second Law)



How far the generation goes up?



情報処理学会 会誌「情報処理」2020年1月号巻頭コラム
https://www.ipsj.or.jp/magazine/9faeag000000pfzm-att/IPSJ-MGN610101.pdf

IPSJ, Information Processing Society of Japan

[Foreword]

How far will the generation go up?   It’s a new theme.

Seizo ONOE

How Much Faster Will Mobile Communication 
Data Speed Be? (Part 5)

https://www.ipsj.or.jp/magazine/9faeag000000pfzm-att/IPSJ-MGN610101.pdf


How far the 
generation 
goes up?

10G
10? Good number.

https://ieeetv.ieee.org/operator-keynote-seizo-onoe-b5gs-2019

At Brooklyn 5G Summit

https://ieeetv.ieee.org/operator-keynote-seizo-onoe-b5gs-2019


How far the 
generation 
goes up?

11G
Odd number! No good.

At an event hosted by a vender

Then, 12G



At totally different occasion with former supreme boss 

Of course.
To connect 
the world.

Is Standardization 
necessary？ You are 
still involved in that.

…(Later, come to think)…

A time may come when 
network and user 
equipment will be 
connected by automatically 
negotiating without 
standards, assuming 
progress of softwarization
and ultra low power 
consumption.

It may happen 
in 10G or 12G era.



1970s 1980s 1990s 2000s 2010s 2020s 2030s

PDC

GSM

IS-95

IS-136

NTT

AMPS

NMT

C-Netz

RC-2000

WCDMA

CDMA
2000

LTE/

LTE-A

PHS

WiMAX

TACS 5G

Wireless MAN

Wireless WAN

Cellular System
6G

Technology convergence is ideal, but divergence is likely to happen.

Wireless LAN

Wireless PAN

Trunked radio system
TETRA

802.11b/a

iDEN

WiFi 802.11n 802.11ax

Near field communication
Felica

NFC

IrDA
Bluetooth

UWB

Z-Wave
ZigBee

WiGig
WirelessHD

Intelligent Transport Systems

PAL
NTSC

SECAM

802.11ac

DVB/T
ATSC

ISDB-T
DVB/H
T-DMB

1Seg ISDB-Tmm
MediaFLO

802.11p

Broadcast

Low Power Wide Area 

Fixed (Wired)
ISDN

xDSL

FTTH

SigFox

LoRa
Neul

6G

WMAN

6G

TRS

6G

ITS 6G

WLAN

6G
WPAN
WPAN
WPAN
WPAN

NFC-A
NFC-B
NFC-C

Mobile TV1

Mobile TV2

LPWA
LPWA
LPWA

Fixed Broadband

Fixed Broadband

12G

In 12G era, there is no border of standards.
(Automatic protocol negotiation even for radio interface）
Even if radio technology evolution continues, hardware technology 
will be established that allows to change the interface and processing 
by updating software without sacrificing cost or power consumption. 

All-photonics circuits become inexpensive and versatile COTS. 
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In 12G era, there is no border of standards.
(Automatic protocol negotiation even for radio interface）
Even if radio technology evolution continues, hardware technology 
will be established that allows to change the interface and processing 
by updating software without sacrificing cost or power consumption. 

All-photonics circuits become inexpensive and versatile COTS. 

This does NOT mean that the standardization will be 
unnecessary in the future. 
The point here is that the standardization framework 
should be evolved to respond to technological changes.
We cannot necessarily say that this is the ideal situation.
We need to discuss this issue in the future around 2040 
before the time comes.



➢ Other thoughts on ITU-T

Topics



Mobile ≠ Radio/Wireless only

Wired Network            Control    Mobility Management

Radio
Wireless

Mobile in Telecom Networks

RRU RRU RRURRU RRURRURRURRU RRU RRU RRU RRU RRU RRU RRU RRURRU RRU RRU RRU RRU RRU

RRU RRU RRURRU RRURRURRURRU RRU RRU RRU RRU RRU RRU RRU RRURRU RRU RRU RRU RRU RRU

BBUBBU

EPC EPCEPC

BBU
BBU BBUBBU BBU BBU

BBUBBU
BBU

IMS
IMSIMS

HSS
Server Applications

Numbering
Multimedia

Signaling
Transport
Security

Mobile networks have become from miner to major, and 
to ordinary networks.

Mobile Network



Mobile ≠ Radio/Wireless only

Wired Network            Control    Mobility Management

Radio
Wireless

Mobile in Telecom Networks

RRU RRU RRURRU RRURRURRURRU RRU RRU RRU RRU RRU RRU RRU RRURRU RRU RRU RRU RRU RRU

RRU RRU RRURRU RRURRURRURRU RRU RRU RRU RRU RRU RRU RRU RRURRU RRU RRU RRU RRU RRU

BBUBBU

EPC EPCEPC

BBU
BBU BBUBBU BBU BBU

BBUBBU
BBU

IMS
IMSIMS

HSS
Server Applications

Numbering
Multimedia

Signaling
Transport
Security

In 2019, mobile technologies and services generated 4.7% of GDP across the globe - a contribution 
that amounted to $4.1 trillion of economic value added. (Source: GSMA Intelligence)

（I expect ITU-T to focus a bit more on mobile network aspects useful for implementations again.)

Mobile Network
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Conclusion

◼ It is important to continue sustainable 
evolution without being misled by 
marketing gimmicks.

◼ The role of the developed countries is to 
lead the technology. The wide spread of 
technology will bring benefits to the whole 
world.

◼ Bridging the gap is a major role of the ITU, 
and requires greater engagement of 
countries and the private sector.



Thank you


