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ﬁTechnologies to Enhance Mobile Broadband

pm—

Usage Scenarios of IMT for 2020 1. Flexible spectrum usage
db g 2. New multiple access and
dn €yon Enhanced Mobile Broadband === duplex schem_e
3. Advance multiple antenna
_ _ 4. Explore new spectrum
G'gabytes'"“m"d_l_. = 5. New PHY/waveform

3D video, UHD screens
Work and play in the cloud
; Augmented reality
‘ Industry automation
Mission critical application
. Self Driving Car

Smart Home/Building

Voice .
Smart City=—
Future IMT
Massive Machine Type Ultra-reliable and Low Latency
Communications Communications

Source: WP5D #22, Jul 2015
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Spectrum requirement in 2020

WRC-07 estimates - 2007

Higher market setting

1720 MHz, by 2020

(Report ITU-R M.2078)

Lower market setting

1280 MHz, by 2020

WRC-15 Updates - 2013

Higher market setting

1960 MHz, by 2020

(under discussions)

Lower market setting

1340 MHz, by 2020

Radio Spectrum Policy Programme objective (2012) | 1200 MHz, by 2015

Spectrum requirements from ITU-R and European Union.

. . Available MBB spectrum
Traffic increase .
Source forecast IMT spectrum requirement
(MHz) (MHz)
) + 275 (by 2014)
FCC National BB Plan X35 547 1322
R (2010) (from 2009 10 2014) | (by 2009) * 500 (by 2020) (by 2020)
For mobile and fixed broadband
FPNURMI Global Mobile BB Forum 553 + 300 / 500 (by 2015) 1253/ 1653
2012 (by 2014) + 400 / 600 (by 2022) (by 2022)
ACMA paper Towards 2020
. X 30 840 1081
Australia r_efé‘tj‘i"r;erfgrif;g?“mob” cpg | (fom2007102014) | (by2012) + 300 (by 2020) (by 2020)
Japan AW G workshop for future x2 500 + 300 (by 2015) 1800
p IMT (AWG-13/INP-136) (on a yearly basis) (by 2012) + 1000 (by 2020) (by 2020)
China ITU-R WPED#15 (document X 600 570 570/ 690 (by 2015) 149071810
5Di256) (from 2010 to 2020) (by 2012) + 800/ 1120 (by 2020) {by 2020)

Spectrum requirements from countries in other regions.

Source: ITU-R Report M.2290, The full spectrum of possibilities-Huawei Europe
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WRC-15 Potential

Candidate Bands

WRC-07 Candidate

Bands

WRC-07 Identified

Bands

Candidate Band for WRC-15

GSMA ASKS FOR MORE “LOW”
FREQUENCY SPECTRUMINWRC-15

- DON’T STOP WATCHING <6GHZ TECHNOLOGIES

i ! >

. 470-694/6098 MHz | 1. 410 - 430 MHz . 450-470 MHz DON'T STARE AT >GGHZ BAND ONLY

2. 1350-1400 MHz 2. 450 - 470 MHz . 698-806 MHz . .

e e e ‘resion 2 2 parts o Sharing studies conducted by
' - S e ERe e of Region 3) h h h hari

;1. ljggfﬂf 4. 2300 - 2400 :»E: . 790-962 MHz the ITU show that sharing
: -15 z 5. 2700 - 2900 MHz (Region 1 an« between |MT mObile

6. 1518-1525 MHz 6. 3400 - 3600 MHz parts of Region 3) .

7. 1695-1710 MHz 7. 3600 -3800 MHz | 4 2.3-2.4 GHz broadband and incumbent

8. 2700-2900 MHz 8. 3800 - 4200 MHz : g?_l?m@;%iiﬁ services is poss|b|e in all of

9. 3300-3400 MHz 9. 4400 - 4990 MHz number of :

o Lol the 19 candidate bands.

1. 3600-3700 MHz

12. 3700-3800 MHz
13. 3800-4200 MHz
14. 4400-45 00 MHz
15. 4500-4800 MHz

The GSMA believes that the most likely bands to accommodate
global harmonlisation for IMT are:

16. 4800-4990 MHz + Sub-700MHz UHF (470-694/698 MHZ)

17. 5350-5470 MHz « |L-Band (1350-1400 & 1427-1518 MHz) @
18. 5725-5850 MHz « 27-20GHz

19. 5925-6425 MHz « C-Band (3.4-32.8 GHz & 2.8-4.2 GH2Z) &

Source: WRC-15: REGULATORY CONSIDERATIONS.— IT & CPM-15- A Guide to WRC-15 Agenda ltem 1.1 —
GSMA & Preparatory studies for WRC-15 and the work of JTG 4-5-6-
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https://www.google.com.tw/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCYQFjABahUKEwivwqz39OvGAhWHnpQKHTGdAJ4&url=http://www.gsma.com/spectrum/wp-content/uploads/2014/11/CPM-15-A-Guide-to-WRC-15-Agenda-Item-1.1-Web-version3.pdf&ei=QxGuVe-UGoe90gSxuoLwCQ&usg=AFQjCNHofrppeuTLd5qFEfJ9xxEeS4AYHA&sig2=zUxOfwyfotylfO5GvMY5zA
https://www.google.com.tw/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCYQFjABahUKEwivwqz39OvGAhWHnpQKHTGdAJ4&url=http://www.gsma.com/spectrum/wp-content/uploads/2014/11/CPM-15-A-Guide-to-WRC-15-Agenda-Item-1.1-Web-version3.pdf&ei=QxGuVe-UGoe90gSxuoLwCQ&usg=AFQjCNHofrppeuTLd5qFEfJ9xxEeS4AYHA&sig2=zUxOfwyfotylfO5GvMY5zA
https://www.google.com.tw/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CC8QFjACahUKEwit2v-L-OvGAhVJG5QKHV9zAQ8&url=http://www.itu.int/en/ITU-D/Regional-Presence/Americas/Documents/EVENTS/2014/0819-PA-IMT/Preparatory studies for WRC-15 and the work of JTG 4-5-6-7  tomorrow.pdf&ei=lBSuVa3AAsm20ATf5oV4&usg=AFQjCNGY4D-FC14ysJAVdk4SOyYlxP1d4g&sig2=Y2Jx5dpr1RXFf56SuhUgXw

iIy 2016~2019 Candidate Bands for Taiwan

608~698
Mobile broadband businesses 2300~2400 Need to consult with current
3400~3800 radio operators
Digital television and mobile 530~596 Will evaluate the possibility
television respectively. : . .
: . of introducing TVWS into
(May study for introducing the Taiwan
TVWS sharing method into Taiwan) 596~608
5150~5350 Depend on the development
IEEE 802.11 series and LTE-U state of new International
5470~5850 technologies

Source: Ministry of Transportation and Communications R.O.C.: Spectrum Providing Plan

NCC may release 500~600MHz to be “White Space” in 2017 or later (By Commercial Times).

Source: Commercial Times, 2015/8/17 (http://www.chinatimes.com/newspapers/20150817000040-260202)
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ﬁRevitalizing Spectrum for Practical Usage

e Dynamic Spectrum Sharing Promotions

— |ll catalyzed Taiwan Dynamic Spectrum Access Pilot Group with domestic
and international partners (May, 2014).

— Il sighed a MOU with Telecom Technology Center under NCC (Taiwan
Regulator) for DSA Tech Cooperation(Aug. 2015).

— Upcoming Workshop: Unleashing the full potential of radio spectrum(15
Oct. 2015) in Taipel, Taiwan. A— e

e Spectrum Sharing Tests in Taiwan {5}
o N S
— Outdoor secondary sharing in Fu- ol W™
- . __ &7 N f.z,-' 3 ,., -
Hsin Township, 2014 l} ‘-@'@ﬁhﬁl H
— LSA based program, 2015~ Chang, San-Cheng
_ DSS Lab. 2016~ Vice Primer of Taiwan R.O.C.,

addressed a speech at the TTC-llI
MOU ceremony
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1Tl Spectrum Usage

e Operator spectrum sharing

—— mandatory = = optional

Individual authorization General authorization

Primary user mode LSA mode Unlicensed mode

Regulatory framework domain

Spectrum usage scenario domain

Dedicated Limited spectrum § Mutual renting
licensed spectrum pool (horizontal (horizontal Vertical sharing
i sharing) sharing)

Unlicensed
hornzontal
sharing
Exclusive use Shared use \ } ETSI LSA 3GPP Rel.13
3GPP ~Rel.13 Y 3GPP Rel.13 LAA
SA5

3GPP should study these cases Rel.14 and beyond.

Source: METIS, Future spectrum system concept. April 2015
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Iy Facilitate Spectrum Usage

 Radio access improvements:

— Multiple carriers/RATs aggregation
 Variable/Dynamic connections
e Multi-states transition
o Aggregate triggering
e Shared band aggregation

— No more bound between FDD/TDD

 New duplex scheme (e.g., Full duplex)
— 2G : FDD, 3G: FDD, TDD, 4G : LTE: FDD/TDD, 5G : XDD
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Scenarios of LSA (EU and US)
EU
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US

INCUMBENT INCUMBENT
FREQUENCY INCUMBENT APPLICATION REGULATORY POTENTIAL FREQUENCY INCUMBENT APPLICATION REGULATORY POTENTIAL
BAND TYPE ! CHARACTERISTICS INVOLVEMEN MNO BENEFITS BAND TYPE CHARACTERISTICS INVOLVEMENT ! MNO BENEFITS
: : Expand ) . Expand
2.3 GHz (EU) —@ Defense Static High Coverage 2.3 GHz (EU) ﬁ) Defense Static High Coverage
! Dynamic : Increase )
2.5 GHz (US) Aeronautical i Medium ) ) Dynamic ) Increase
@ by Time Capacity 3.5 GHz (US) @ Aeronautical by Time Medium Capacity
Public Dynamic by Low Improve Use _ _
Safety Geography Experience Public Dynamic by Low Improve User
Safety Geography Experience
Dynamic by
' . Increase
\ :: Satellite Time and ) Dynamic by
Geography Hoaming Satellite Time and Increase
Geograph Roaming
Accelerate grapny
0 Programme Access to
Spectrum Accelerate
Programme Access to
Spectrum
EU MNO sharing in 2.3GHz with a defense incumbent operating unmanned aerial U.S. MNO sharing in 3.5GHz with a defense incumbent operating naval and
vehicles, for the purpose of increased roaming (and some capacity benefit) via ground based radar, under a regulator-imposed database-driven sharing
dynamic sharing; limited regulatory involvement. framework for capacity enhancement.
Source: The Impact of Licensed Shared Use of Spectrum - GSMA
, . e e .
7’5{ lII's view on initial stage of LSA in 3GPP Rel.14 and beyond.
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Potential Technical Topics in Spectrum Sharing

SO A Component Carrier
aggregation control

Information on LSA

spectrum availzbility
gwer time, space and
frequency

Prlorlty reso_urce ' LSA
configuration Controller |
Step 3: spectrum grant l r Step 2: spectrum

reguest g
OAEM ] —

UE behavior considered
« HO Policy

« Cognitive sensing while
transmission

Source: IEEE TCCN SIG CR in 5G - New Spectrum Usage Paradigms for 5G, November 4th 2014

LSA Architecture currently being defined by ETSI
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ﬁ Observations

 Technologies which support spectrum extension are
crucial for Bandwidth Explosion in 2020 & Beyond.

— Large amount of carriers bring challenges on
management/control.
* Unlicensed/Shared Band Mobile Use and Cognitive
Spectrum Sharing are important.

— More techs/coordination issues on flexible/dynamic usage
of license spectrum, share spectrum and unlicensed
spectrum.
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