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Mobile Communications in 2020 and Beyond 
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Multiple personal 
devices 

 

Transportation 

(Car/Bus/Train) 

Consumer electronics Watch/jewelry/ 
cloths 

House Sensors Cloud computing 

Video streaming New types of 
terminal/HI 

Healthcare Education 

Safety and lifeline system 

4K 

Everything connected  
by wireless 

Extended and enriched 
wireless services 
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5G Target Performance 
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5G radio access will provide a total solution for a 
wider range of requirements in 2020 and beyond 

Higher data rate Reduced latency 

Massive device 
connectivity 

Energy savings & 
cost reductions 

• 100x more connected devices 
(e.g., Crowded areas, M2M services) 

•  Energy savings for NW & terminals 
•  Reduced NW costs, incl. backhaul 

Higher system 
capacity 

• RAN latency : < 1ms 

• 1000x capacity/km2  

5G • Typical data rate: 100x faster 
(Peak data rate:  > 10Gbps) 
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Directions of Evolution: “The Cube” 

Spectrum extension 

Network density 

Required Performance 

Spectrum efficiency (S.E.) 

Current  
performance 

New cellular concept for 
cost/energy-efficient dense 

deployments 

Non-orthogonal multiple access 

Study for new interference scenarios 

Dense urban 
Shopping mall 

Hotspot 

Cellular network 
assists local area 

radio access 

Efficient use of higher spectrum bands 

Tx-Rx cooperative access technologies 

Existing cellular bands Higher/wider frequency 
bands 

Frequenc
y 

Very wide Super wide 

Controller

TRx

TRx

TRx

TRx

TRx

TRx

TRx

TRx

3D/Massive MIMO, 
Advanced receiver 

WiFi 

Traffic offloading 

C/U plane split (Phantom cell) 

A set of radio access technologies is required to satisfy future requirements 

Cost-efficient NW 
densification Exploitation of higher frequency bands 

New dimensions for  
S.E. enhancements 

3 
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5G Global Trend 
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Future IMT Vision in ITU-R WP5D 

Vision2020/ Network2020 

National/international projects on 5G 

Special  
sessions on 5G 
in international 
conferences 

Global initiative to define operator requirements for 5G 

5G Workshop in Sep. 2015 
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5G Work Plan in ITU-R 
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2014 2015 2016 2017 2018 2019 2020WRC-15

5D

#18

5D

#19

5D

#20

5D

#21

5D

#22

5D

#23

5D

#24

5D

#25

5D

#26

5D

#27

5D

#28

5D

#29

5D

#30

5D

#31

5D

#32

5D

#33

5D

#34

5D

#35

5D

#36

WRC-19

?

Recommendation Vision of IMT beyond 

2020 

Report  IMT feasibility  above 6 GHz

Circular Letters & Addendum 

Technical Performance 

Requirements

Modifications of 

Resolutions 56/57

Evaluation criteria & method   

W
o
rk

s
h

o
p
 

Proposals “IMT-2020”  

Evaluation  

Consensus building  

Outcome & 

Decision 

“IMT-2020” Specifications

Requirements, Evaluation 

Criteria, & Submission Templates 

Report Technology trends 

Background & Process

ITU-R is targeting completion of 5G specification development in 2020 
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5G Commercial Requirements 
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Translated from “Final Report from the Radio Policy Vision Council", Ministry of Internal Affairs and Communications, Japan, December 2014. 

2014              2015              2016              2017 2018              2019              2020              2021

Activities by The Fifth Generation Mobile 
Communications Promotion Forum

In
te

rn
atio

n
al

A
ffairs

R&Ds on 5G through Industry-Academic-
Government Cooperation

R
&

D
s

P
ro

m
o

tin
g

B
o

d
y

In 2012            2013

ARIB
2020 and Beyond Adhoc

Rugby
World Cup

Tokyo Olympic / 
Paralympic Games

5G Standardization
Activities

World’s 
first 5G 

implemen-
tation

Amend regulations, 
allocating Spectrum, 

deploy base stations, etc

Examine 5G Requirements and Service image          Propose & Evaluate Interface

Investigation into potential spectrum for 5G through R&D activities

●ITU-R Report IMT.FUTURE TECHNOLOGY TREND
●ITU 5G Workshop ●ITU-R Rec. IMT.VISION

Secure additional spectrum to 4G 
Discussion of spectrum for 5G

World Radio Conf.
(WRC-15)

ITU         .
World Radio Conf.

(WRC-12)

World Radio Conf.
(WRC-19)

Possibilities of
identification
of 5G bands

Study on spectrum for 5G
as a preparation of WRC-18 with attention to international harmonization

Established 
in Sep. 30th

Giving strategic guidance on R&Ds, standardization, international cooperation & public relations

Japan is targeting 5G commercial launch in 2020  
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Time Plan for 5G and 5G+ 
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2014 2015 2016 2017 2018 2019 2020 202x 

WRC15 WRC19 

Rel. 13 Rel. 14 Rel. 15 

5G launch 

Requirements 

Workshop 

Proposals Specifications 

5G+ launch 

Channel Model SI 

Commercial system development for 5G in 2020 

Rel. 16 

Technology SI 

Requirement SI 

WIs 

WIs 

WIs 

http://www.itu.int/net/home/index.aspx
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3GPP RAN Workshop on 5G in Sep. 2015 
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RWS-150073: RAN chairman’s Summary of 3GPP RAN Workshop on 5G 
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DOCOMO 5G Technical Concept 
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Existing frequency bands 
（Saturated） 

Higher frequency bands 
(Higher data rates using wider bands) 

Frequency 

Wide 
(e.g. > 3GHz) 

Super-wide 
(e.g. > 10GHz) 

Connectivity and mobility 
maintained using lower 

frequency bands 

Efficient high data rates  
transmission using higher/wider 

frequency bands 
+ 

Non-orthogonal multiple 
access (NOMA), etc. 

Massive MIMO,  
Dynamic TDD, etc. 

Phantom cell concept 
Radio frame design for reduced latency & M2M, etc. 

Further cellular 
enhancements 

Exploitation of higher 
frequency bands 

Frequency agnostic enhancements 
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5G Phased Realization 
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2020 2025 2030 

5G+ 
5G 

Freq. 

More higher & wider freq. bands 

More advanced technologies 
（e.g., Massive MIMO with 
higher number of antenna  

elements） 

Peak: Several Gbps Peak: Above 10Gbps 

・ Existing frequency bands 
・ New bands licensed by 2019 
・ Unlicensed bands 

Introduction of 5G New RAT 
+New bands licensed after 2020 (Tight interworking with LTE) 

5G will evolve by incorporating new freq. bands and technologies 
 Future compatibility is key for system design to continue evolution 
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New band licensed 

after 2020 

 

New RAT extension 
(e.g. single carrier) 

– 5G+ (in 202x) : 5G extension for all range of spectrum (up to 100GHz) 

5G and 5G+ 

11 11 

Existing frequency bands New bands over wide range of frequencies 

Frequency 

Low SHF 

3-6GHz 

High SHF 

6-30GHz 

EHF 

> 30GHz 

UHF 

Ex. 800MHz, 2GHz 

5G New RAT 
(OFDM-based) eLTE RAT 

Tight 
interworking 

5G (in 2020) 

 Phased approach for 5G standardization and commercialization 

– 5G (in. 2020) : eLTE + New RAT optimized for cmW (3-30GHz) 

New bands licensed by 2019 

(+ Unlicensed bands) 5G+ (in 202x) 
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•It is important to make sure 5G continuous evolutions and 
5G forward/backward compatibility considering: 
– Unclear spectrum allocation plan especially for mmW 

– Difference in 5G launch timing between countries/regions 

New RAT 
(Phase I) 

LTE 

New RAT 
(Phase II ~) 

eLTE eLTE 

5G 5G+ 4G 

Continuous evolution 

Continuous evolution 
Tight 

interworking 

(Launch in 2020) (Launch in 202x) 

Forward 
compatible 

Backward 
compatible 

Tight 
interworking 

5G Forward/Backward Compatibility 
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eMBB and New Use Cases 

5G in 2020 5G+ in 202X 

eMBB 

Massive 
MTC 

Critical 
MTC 

eLTE 
New RAT 

eMBB 

Massive 
MTC 

Critical 
MTC 

eLTE 
New RAT 

Low latency 

New RAT will mainly focus on 
eMBB 

New RAT will be enhanced 
for all use cases 

5G will support both eMBB and MTC use cases 
together with LTE evolution 
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Data Rate Improvements Toward 2020 and Beyond 
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100

1000

10000

100000

1000000

10000000

1995 2000 2005 2010 2015 2020 202510 kbps 

100 kbps 

1 Mbps 

10 Mbps 

100 Mbps 

1 Gbps 

10 Gbps 

2020 2015 2010 2005 2000 

 Data rate increase will continue  (approx. 100x per 10 years) (quasi-Moore law) 

5G 

LTE 

LTE-Advanced 

HSDPA 

WCDMA 

Ave. ~2Mbps, Peak 14Mbps 

Ave. ~24Mbps, Peak 150Mbps 

Ave. ~240Mbps, Peak ~600Mbps 

5G 
Ave. ~1Gbps 

Peak ~5Gbps 

5G+ 
Ave. ~4Gbps 

Peak >10Gbps 

Continuous improvement of user experienced throughput toward 5G/5G+ 

Peak 

Average 

U
s
e

r 
d

a
ta

 r
a

te
 （

D
o

w
n

lin
k
）
 

15 
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New RAT 

Massive MIMO/ 
beamforming 

Cell range extension 

Improved spectral efficiency 

Well localized 
waveform 

Frequency 

Time 

New numerology 
with shorter TTI 

Wider bandwidth and                  
low latency 

LTE 

New RAT 

f 

t 

Lean radio frame 
Less inter-cell interference, energy 
saving, good forward compatibility  

5G 5G 5G 5G 5G 

5G 5G 
+ 

5G 5G 
++ 

5G 
+ 

5G (2020) 

5G (202X) 

Tight LTE integration 

Flexible duplex with 
unlicensed spectrum 

(e.g. LTE-assisted access) 
Licensed 

Band 
(LTE) 

Unlicensed 
Band 

(New RAT) 

f 

C/U-plane split 
(dual connectivity, CA) 

eLTE/ new RAT 

(C/U-plane) 

New RAT 

(U-plane) 

NOMA on LTE 
Further cellular enhancement 

with massive connectivity 

Intentional  
non-orthogonality 

f 
NOMA 

f 
OMA 

IoT related LTE 
enhancements 

Low cost / Long battery life devices 

5G Key Technologies for 2020 Deployment 
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