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Roadmap towards 5G and beyond

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
5G

ITU-R
3GPP

.'o' 5G ‘\‘

. |

4G Evolution i A -

(LTE-Advanced Pro) : > Phase2 i

: * No of UEs -

RAN CA/MIMO ! :

150Mbps 300Mbps 450Mbps 600Mbps 16Gbps - Low ISt :

. e [oT/M2M .

—> Small Cell % Phasel <> echl '
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> M2M/loT : Data rate/Capacity "
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(Source: “5G Daizen” Nikkei BP) 36



5G Mobile Broadband Roadmap

5G
Anchor

R13 Dual Connectivity
R14 Carrier LTE WLAN
Aggregation
LTE
LTE
Anchor
Dual Connectivity
R15
Carrier
Aggregation LTE WLAN 5G Sub 6GHz
LTE 5G Sub 6GHz
LTE
Anchor
Dual Connectivity
R16
Carrier LTE RN ol | scmmwave |
Aggregation

LTE

56 sub sorz LT

(Source: https://archive.eetasia.com/www.eetasia.com/ART_8800717020_499488 NT_7dcd431c_2.HTM)

37



Operator 5G RAN Roadmap

Urban Rural

2019- I Bandwidth
LTE LTE LTE LTE

eLTE + New RAT

(CA/DC)
T 2—
2020 I Bandwidth
LTE LTE LTE
2021+ I .
Bandwidth

(Source: https://www.ituaj.jp/wp-content/uploads/2017/05/nb29-2_web-03-SpeciaNTTDOCOMO.pdf)
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4G/5G NSA - 4G/5G SA with DSS

Connectivity

~ ~ ~
\ N N
N 5G 5G
4G ﬁ\ . ﬂ -
(7 4G = 46156 | 2N
(«
g Low band kHigh/mid e Low band kHigh/mid LI Low band
4G LTE 4G/5G NSA 4G/5G SA with
with Dual Dynamic Spectrum

Sharing

(Source:_https://techblog.comsoc.org/2020/02/04/vodafone-tests-5g-dynamic-spectrum-sharing-dss-in-its-dusseldorf-lab/)
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Dynamic Spectrum Sharing (DSS)

Spectrum

M 4G H 5G Time

R

4G Handset B5G Handset

4G/5G Shared
Base Station

(Source: _https://qooah.com/2020/06/19/know-the-smartone-5g-dss-technology/)
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5G TDD/FDD and NSA/SA

5G NR mmWave 0" -
e.g., TDD 28 GHz
Non-Standalone (NSA)

Low-band LTE or NR UL can help increase UL data rate/range

' UL
5G NR mid-band m -
e.g., TDD 3-5 GHz e.g. <1 GHz LTE Anchor NR TDD, e.g. 3.5 GHz

Standalone (SA)

)

%’ Low—ba nd NR low-band can carry NR uplink control and data for edge cell users

= e.g., FDD 700 MHz

[
Time e.g. <1 GHz NR TDD, e.g. 3.5 GHz

(Source:_https://www.slideshare.net/qualcommwirelessevolution/designing-5g-nr-new-radio/) a1
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Technology Evolution

Dissemi

The First Wave
nation of Mobile Phones

The Second Wave
Mobile Multimedia

1G | 2G

/1980 1985 1990 O\ ([ 2020 2030

= e i

Car phone  Shoulder phone  MOVA i-mode Smartphone Resc.)lu?lon ol /

social issues

Portable Handy Mobile Information A variety of Human-centered

telephone telephone phone for in hand apps/videos value creation |
everyone

The Third Wave
New Business Value

(Source: https://www.nttdocomo.co.jp/english/corporate/technology/whitepaper_6g/)
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Technology Development towards 6G

New combinations of _ Extreme requirement
requirements for new \ el for specific use cases
use cases \ '

(Source: https://www.nttdocomo.co.jp/english/corporate/technology/whitepaper_6g/) 44



Tech Requirements for 6G Wireless

3 Extreme high
; data rate/capacity

* Peak data rate >100Gbps
exploiting new spectrum bands
 >700x capacity for next decade

Extreme low ‘
latency

. EE{E very low latency <1ms
. Af%fys low latency

Extreme coverage reliability

* Guaranteed QoS for wide range
Of u Cases (upto 99.99999% reliability)

Extreme high J

* Gbps coverage everywhere
 New coverage areas, e.q.,

+ Affordable mmW/THz NW & devices. fSLLZﬁIgi?f;ts « Massive connected devices (10m/km)

* Devices free from battery charging — » Sensing capabilities &
high-precision positioning (cm-order)

sky (10000m), sea (200NMm), space, etc. ‘\\_, P « Seclire, private, safe, resilient, ...
Extreme low Extreme massive
energy & cost New combf’natr'onS/ connectivity

(Source: https://www.nttdocomo.co.jp/english/corporate/technology/whitepaper_6g/) 45



Wireless Tech Evolution towards 6G

s 6G (definition is FFS)

5G (= eLTE + NR) |

) @ 1 OFDM-based and/or new waveform
. cmW & mmW & THz

Performance

OFDM-based Extreme coverage
OFDM-based cmW & mmWw New NW topology
W-CDMA MIMO mMIMO Further enhanced mMIMO

Enhanced URLLC/mMTC
TDMA loT URLLC/mMTC Al for everywhere

FDMA _
» Generation

6G will be a combination of new technologies
and enhancements to bring “Big gain”

Turbo coding  LDPC/Polar coding

(Source: https://www.nttdocomo.co.jp/english/corporate/technology/whitepaper_6g/) 46
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