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Wednesday, 29 October 2014 (Regulators Only)

Time Topic

13.00 - 13.10 | Welcome & Opening Remarks

Welcome Remarks:

Sharon Nakama, CEO, Pacific Telecommunications Council
Convener:

Stephen Ho, President & Chair, Board of Governors, Pacific
Telecommunications Council

13.10 - 13.40 | Market Overview: Singapore

Presenter:

Aileen Chia, Deputy Director-General, Infocomm Development
Authority (IDA), Singapore

13.40 - 14.00 | How Much Spectrum Might Be Needed?

Presenter:

John Ure, Associate Professor and Director, Technology Research
Project (TRP), University of Hong Kong and Director, TRPC Pte
Ltd,Singapore

14.00 - 14.45 | The Role of Unlicensed/Dynamic Spectrum
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Open discussion among attendees

14.45-15.00 | Break
15.00 - 16.00 | Spectrum Allocation Workshop
Presenters:
Christian Koboldt, Co-Founder & Partner, DotEcon, United Kingdom
Arisa Siong, Associate, DotEcon,Singapore
16.00 - 16.30 | Key Challenges for Extending Internet Access?
Open discussion among attendees
16.30 - 17.00 | Sustainable Deployment Models?
Open discussion among attendees
17.00 - 19.30 | Reception
10H30H : &H&E#H CHINER—RA#HRZS)
Thursday, 30 October 2014
Time Topic
09.00 - 09.10 | Welcome & Opening Remarks
Welcome Remarks:
Sharon Nakama, CEO, Pacific Telecommunications Council
Convener:
Stephen Ho, President & Chair, Board of Governors, Pacific
Telecommunications Council
09.10 - 09.35 | Demand for Spectrum
Presenter:
Robert Pepper, VP, Global Technology Policy, Cisco, USA
09.35-09.45 | Pakistan’ s Spectrum Auction and Future Plans
Presenter:
Syed Ismail Shah, Chairman, Pakistan Telecommunication
Authority, Pakistan
09.45-10.10 | Internet Connectivity in Asia
Presenter:
John Ure, Associate Professor and Director, Technology Research
Project (TRP), University of Hong Kong and Director, TRPC Pte Ltd,
Singapore
10.10 - 10.30 | What Tomorrow's Networks Will Look Like
Presenter:

Anup Changaroth, Director, Portfolio Marketing, Asia Pacific, Ciena,
Singapore



http://www.ptc.org/images/pdf/SF/2014/Koboldt-andSiong-Spectrum-Allocation-Workshop.pdf
http://www.ptc.org/images/pdf/SF/2014/Pepper-Demand-for-Spectrum.pdf
http://www.ptc.org/images/pdf/SF/2014/Shah-Pakistans-Spectrum-Auction-and-Future-Plans.pdf

10.30 - 10.45

Break

10.45 - 11.10

Options for Releasing More Spectrum
Presenter:
Christian Koboldt, Co-Founder & Partner, DotEcon, United Kingdom

11.10 - 11.35

Tata Communications: Our View of Spectrum Requirements for the
India Market

Moderator:

John Ure, Associate Professor and Director, Technology Research
Project (TRP), University of Hong Kong and Director, TRPC Pte
Ltd, Singapore

Panelists:

Kalyan Pal, VP & Head, Wireless Engineering, Tata Communications
Ltd. (TCL),/ndia

David Stanton, VP, Operations, Tata Communications Ltd.
(TCL),Singapore

Shachi Wadhawan, Deputy General Manager, India Access, Global
Network Services, Tata Communications Ltd. (TCL),/ndia

11.35-12.00

TV White Spaces: How Is Spectrum Shared?
Presenter:
Jeffrey Yan, Director, Technology Policy, Microsoft, Singapore

12.00 - 12.25

Update on TV White Spaces in the Philippines

Presenter:

Louis Casambre, Executive Director, Information and Communications
Technology Office, Department of Science and Technology
(ICTO-DOST), Philippines

12.25 - 13.50

Lunch

13.50 - 14.15

A Digital Bangladesh: Robust and Affordable Access for All
Presenter:
Rashed Uddin, President, BANGLALION-MAXNET, Bangladesh

14.15 - 14.40

Spectrum Planning Progress in Taiwan

Presenter:

Hsiao-Cheng Yu, Vice Chairperson, National Communications
Commission, 7aiwan

14.40 - 15.05

No Backhaul, No Access
Presenter:
Sean Bergin, President, APTelecom, 7hazland

15.05 - 15.20

Break

15.20 - 15.40

Spectrum Is Not the Only Issue
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http://www.ptc.org/images/pdf/SF/2014/Casambre-Update-on-TV-White-Spaces-in-the-Philippines.pdf
http://www.ptc.org/images/pdf/SF/2014/Uddin-A-Digital-Bangladesh-Robust-and-Affordable-Access-for-All.pdf

Presenter:
Donnie De Freitas, Regulator, Office of the Regulator, Samoa

15.40 - 16.00 | Whitespace-Enabled Rural Broadband to Cognitive M2M
Presenter:
Apurva N. Mody, Chairman, WhiteSpace Alliance

16.00 - 16.20 | How Dynamic Spectrum Access Works
Presenter:
Parag Naik, CEO, Saankhya Labs Pvt. Ltd., /adia

16.20 - 16.40 | Development of Mobile Broadband and Spectrum Policy Vision
Presenter:

Yoichi Iida, Director, International Research and Policy Coordination,
Ministry of Internal Affairs and Communications (MIC),Japan

16.40 - 17.00 | Facilitating Mobile Broadband Development in Hong Kong
Presenter:

Chaucer Leung, Assistant Director, Regulatory Affairs, OFCA, Hong
Kong SAR, China
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THEREE MR - 4eRpnF - AR E RIS, - #ufl -

B R S ? MRS S TS R bt
AR G PR AR R LRR - T s A & (8 RO MR A RES > (5]
THE B s RF VR G 1 ECRE S WL (B (- JF i B AR ey
PR R B LR A R e iV E - 2B E A GERAEENER -
HEHEE A HENTSHEE -
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http://www.ptc.org/images/pdf/SF/2014/Iida-Development-of-Mobile-Broadband-and-Spectrum-Policy-Vision.pdf

IRFEIE (E B SR ~ IS LR REY G ~ e[ AR SR E AT
SFIHE A LIS EIEE A S EE -

s T (R I = 1 AR - SRt o] PR R AR R (B (e e 7 e A 22 ) -
HAE (RS LIARCRIIC (RS ~ Rl s IR A il ) - DU R
PR - B THHE AR > S PR ER BRI AN ~ SRR FIAYSE M - B S A B
b ~ FEAE TN E SR AVHRAESE - CHEIR A/ N S BTG EE R 2 B E RS &
W (EE A RIS TR ERAR - B EE TS EE M - ERBUFEk -

FETEERVRE BT - 5B H BB DR R 28 > ] DR
WA B ERSA] > WA ERI R G EAVIER] - SESRAVIER(EHE H AV E (R T - JK(E
A DIEEHERER « (HARE R rsifams o ARESF28EA -

FEZARAVIAER  JHGE_EPRAE ST ] A e R T (58 % - T B ARaE bRk
RARG ARG - MARAARE A S - NIEHEE EIREZE XX LR (1
0EtE 1GHz DU S BRI AERS IR ) -

HE AR E R - AT/ IVOHEET » W E ARG I PURC D6 (B AR A A A [
B o SRR AR E R - IR EEAVINE 774 > DURIHRETEIEH M
Al M F AR HYBOR HR - 8 aa A E G EEUER AL R - Sugknis
SEERK > EEEEAEEEVRECAREVIEEN: - Eny BB mlE S B
— SRR > WEEE Ry TRIERAH] (R T et sl A E ) > BiEH
SRS SCE AN R 2 -7 - H AT FAEE HIFE 6 SMRA K CCA -

THE HIFEAY R - BUAReR ~ eI EE - B AFEY] - AR
hfE ~ REPREREEAEAER « SEE(THEEAVEREENA | R - BN EFTERA
WK ~ TG EREAYATRE ~ SR ST RIS HE - BE ATRE A EAIE T - HE
NEREMEIE S - BB G AN RN TT - PRI i 3 B o 2 R 7
BERGNERTS5F
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(=) Bz it

A HE Frin3#z IDA (Infocomm Development Authority of Singapore, f&f# IDA ) HY
Aileen Chia 73 = T ¥ I G YV EE (S THIBMEN » LUK IDA oV B BHECR -

HIHE R PSR B IS > ETEEEE R A BUES
2G ~ 3G ~ 4G ~ WiFi ~ Small Cell 488 - S5HMNITAIES 2013 FEREHT 4G $IE - R
FAEL Ry 1800MHz K 2.5GHz » $ABEEIHAH K 2030 4 > Hof 1800MHz FEELRE HIAH
Ry 150MHz - §J5% 15 #8 > 558 10MHz ; 2.5GHz FEESFE AR S By 120MHz » /2
VIECEHE 10MHz » 3£ 12 81 DURIFRELE SR EHEAITEK « Fins Rk
FEH4T 450MHz SHE A TE S A - TS TE 2020 FRTKFFR 2 IGHz HYHE (&
#5700 ~ 800 ~ 900MHz ~ 1.4~ 1.9~ 2.1 ~ 2.3 ~ 2.5 } 3.5GHz SSAHFRS{EHBI > 51]) -

T gy BE ARG =2 ( TV White Space ) #357 » #ril#z4E 2009 FRIEH4G TVWS
VRIS > MY 2011 SRR B 22Nl EE TVWS BV R R AR5 2013 45 TVWS
A AR ZERE O NVABIECHEZ R > 2014 SEIE NS TVWS (YA -

(=) BRTEIRRR R RIREBORA R

HAR B R E B EAR B EHREEECRE SR E R —E  /réaH
A TH I KRR R AR & -

HA B4 1.28 (% > H 3G 1L LTE FF#EY 1.45 (% (T88dE R =
PTFARDUFAE 1.6 BHVERN & BIEEEI 9 FERUE( Average Revenue Per
User, ARPU) RIFREE T - BRI HATSECATTEN (S H L4 521.2MHz S5 -
FH 700 ~ 800 ~ 900MHz ~ 1.5 ~ 1.7 ~ 2 ~ 2.5GHz 48 (41 K& °

11



Frequency Allocation for Mobile Communication Systems

Bands 700MHz | 800MHz | 900MHz | 1.5GHz | 1.7GHz | 2GHz* | 2.5GHz
FDD 7l e
FDD/TDD FDD FDD FDD FDD FDD [60MHzx2 | TDD ’
Bandwidth 30MHz x 2 | 30MHz x 2 | 15MHz x 2 | 35MHz x 2 | 35MHz x 2 TDD 100MHz**
31.2MHz
wrr LTE(plan) | 36 1E LTE 3GILTE 3GILTE 63.57
dOCcomo|20MHz | 3omHz | — | 30MHz |40MHz | 4omuz| —  [160MHz| °°
Limited Only in some areas| mill
LTE(plan) | 36,1 LTE 3GILTE 41.02
auw 20MHz | 30MHz | — |20MHz| — |4omHz| — |V1OMHz o,
BGLTE(plan)| 55 AGILTE 36.48
SoftBank| — = 30MHz | 20MHz —_ 40MHz — 90MHz :
Partially limited mi "
(Cellular phone)
vus| LTE(plan) 3GILTE Fo 81.2MH |4.49 mill
Y7mobile| 20MHz | — - — | 30MHz |312MHz| — o
Limited Froquency sharing Z  |5.52 mill
lJ WiMAX R2.1 2
Q| - — — — — —  |'SoMHz | 50MHz |4.15 mil
WIRELESS AXGP 30MHz |3.96 mill
— — — — — — z|3.96 mi
N e 30MHz
* Others, such as pending systems (2GHz-MSS:60MHz, 2GHz-TDD:15MHz) TOtaI . 521 . 2M HZ

** including Regional WiMAX (20MHz)
*** eAccess and Willcom merged on June 1st, 2014 (Change in corporate name from eAccess to Y!mobile on July 1st, 2014)

ERAOR - ARNGH A ARBaR e BEEREHREEEREGTIE

B S — S A R

FyRIE H A EALAI N > DUR 2020 FRERFER o BLE » HARHEITE 2020
RIS 2000MHz SR B TENEE M - RralEPldg (M2M) AYRER] > LA
BAE S EPE ~ 2 ~ (EH AR E S RGBSR - 1A > BAR 71 2020 4
SR BRI SC TTEN MRS BURRHE A& B SRR 5G it -

FPEIEO SR - B AHEH — 2SS N e e T B iR IR s Y PR -
GG ENE et Wik HUERL ~ DEEINE A SR BN T B R EE IR sy (E 3R R ~ [
RENPRE IR ~ HEFH PR TS DUNPRSE SE6E - Rl 2 AEPnRE Wik s
FE > HAFEHATAG TR TR > FERSRIEEL ~ BDCSRRE R S EEa it < kG
DUSRENEE T » 1z b R BURF R BT BUR — AR B > HA B AHED
=z (AIRE) -

12



Wi-Fi Station Project

Government provides financial support to local governments or public entities, who intend to promote
improvement of public WLAN environment by installing Wi-Fi stations.
OSupported sites: @D Tourist sites: Tourist offices, Historical Assets, Natural Parks, Museums etc.
@ Disaster Management Sites; Evacuation Spots, Evacuation Centers, City Halls etc.
QOSupport ratio :local government %, semi-public sector 1/3

Concept

In disaster management areas,

In tourist areas, Wi-Fi
networks for moving users are
ihstalled for benefits of tour

Wi-Fi Stations and P _
Access Points

)

£ .
1 RO~~~ T T T T o~ PR e

I Info.Office Museums i | I
| I

= |
= = A S I
P . LT .
" i i : | ‘ pr—— EvacuatlodI
: g . | g:j (a )) '
INaturaI Pa"“g‘ «‘ﬁ Smartphones and Tuble*s : Sm ones and Tablets & "' :
hedages - - = Shelters '
=provide useful -provide necessary s I
tourist info. disaster info i ? /'

7 N U 7’

- — T

X

BRAR : ARGHEAAEBER S EEAREEREEECREGTIE
B S — S A R
FOMICE R BB - HASHREBERIE S QO15)FFiaatkit 4K EEHY

EAETH - [FIRAE 2016 55 8K SFHEETH - FHET 2020 F 2R AR RERE L 8K
HHEAVENEH -

U

TEEEEIG 245 (Intelligent Transport System, ITS ) #5453 » HAFEH 1620k ~
76~90M ~ 2.5GHz AN Ky 5w 2 & » 5.8GHz SHELAN Ry U 240
(ETC) K H A& > 760MHz SRELRIMBUR B Z 2 THE LREH - 5
Hh 24~ 26 ~ 60 ~ 76 k2 T9GHz SR IR BRI (R a8 (4 RIEDD »
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ITS Wireless Communication Systems in Japan Ca

Spectrum Service Introduction time

Bl Provide Traffic
Broadcasting 1620kHz Since 1980

information
(Highway Radio)

vICS 46-90MHz [EM Provide Traffic

(Vehicle Information and  multiplex broadcasting) . 2 Enacted in 1994
. : information

Communications System) 2.5GHz (Radio beacon)

ETC

(Electronic Toll 5.8GHz Collect highway toll  Enacted in 1997

Collection)

[[))SF;C S—_ 5 8GHz Provide various Enacted in 2001

[DedicatadiShort Range ' information (Revised in 2007)

Communication)

Driving Safety Support Provide safety

760MHz : g Enacted in 2011
System information

24/26GHz Enacted in 2010
Millimeter-wave radar 60/76GHz Detect obstacles Enacted in 1997

79GHz Enacted in 2012

BRAR : ARGHEAAEBER S EEAREEREEECREGTIE
B S — S A R

IR TVWS HIEER - HAZ B fE B g ry =0 e g &k = -
SRR SRR SRR « oL R RS - B e S iR
A LA

(W) EARNTEIRRERE

F A EN B E R S A = AR Chaucer Leung etk » /M AE BV E E THEIH
I BEEE AR > DU R GUGE IS (TVWS) ~ 28I REEE (Small
Cell) SFEIEIE -

F A HAT 3G 4G FYH FEEY 1,260 & - 25K 174% - 1aBC4a1TE RS
{E AR 2 610MHz > FAGTEAE S Q015)FEATSE L BT - th# Y]
ZETE ITU WRC-15 HYSEIE - Sofh &A= AR RFR 4 26 HRA5HY 900 &
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1800MHz FHEZHE T 3G 2 4G (A - A CETHEE AN R IHEL (R 2 pl AR
BeH - DRl AR AR (40T ED -

Existing

Frequency Other MNOs CMHK Other MNOs SmarTone| CMHK | CMHK [SmarTone
Assignment

Frequency
Assignment Other MNOs SmarTone|SmarTone Other MNOs CMHK CMHK CMHK CMHK
After the Swap

BRAR © ARG HE BB EE SN Chaucer Leung St &R

AR TVWS #57 » BAER Ry BRI PRI RE - NEAIaEEEE TVWS
e B R AR RN T HERV R > PRI TR T [ AR R E RS (A -

PEAN - B BIEERE SRS - el AR MUER LB R E e A -
W e & MY B 2 = > B H R ANH T K@Y - BaE1TET)
A Small Cell HYZERE -

(F1) EEEHIE ~ TR i EE s R

2 ECHrH 25 (= BE HHA4RE Pakistan Telecommunication Authority (PTA ) FJ& Syed
Ismail Shah o4 » JM4HZ I TE B (S S EAYRE S » FiREZEIAE 2005 55 1
THREENE > DU AR 3G ~ 4G IHEEETHE - A HRIZEEE TSR -

HATEE AL 1.9 & > TEEEHFPE 145 (8 - 2ERER 75% - 2014 FE
BIERTT 3G Fe 4G HURBIRIESE » &SRR 1 22 4G SEE R 4 X 3G 3% - HEERE
IR IR R IR b > BB AR R SEFmAVEL - (EISRRIRIEE
LA ST -

SR E FAIH MAXNET A B Rashed Uddin Je42 7 4H 7 B BB (E TS -
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DURCHIBIARAC 4G ey ss gt & - d B A\ By Lo (B T BB S8 1ER R 62%

7K B e EE o B PR RE A2 Donnie De Freitas 454 » & B RERIAYER - (4 H 7
2 ESIBFAR A - FERFRAYIERERES N » 5[0 £ SR (e B A4 - (R
B ELA R R ARSI AR SR A TR R E] - B Rl E AR 258 (C-Band) HY
DRt o 1T EAR BT AE AR B At i FH AR (S R FAA T (EHY A AR - R L RERI RS A1 55
B AE A BRI T KA R -

(73) REREVHEREARST - SRR RIS OTT

CIENA A\ E{FE Anup Changaroth 564 53 5% /N B ETHEE & 22 B4E RS Software
Defined Network (SDN) K4S AL #E( L Network Functions Virtualization (NFV)
2R -

FARREEIZEY John Ure 385y - RSB EI TS 2T K - AEDY
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Technology Paradigm Shifts
[ | R —

Interference Avoidance Interference Tolerance Interference Cancellation

Exclusive (Licensed) Access Shared (Un/License) Access Dynamic Shared Access

Connection Oriented Connectionless

Asymmetrical Traffic Symmetrical Traffic Dynamically Configurable UL/DL
Synchronous Networks Asynchronous Networks

Hierarchical Architecture Flat Topology Self-configurable Mesh Networks
Multiple, Single-band, Single-mode  Combo, Multi-band, Multi-mode Integrated, Tunable-band, Software-
Radios Radios defined Raios

High Power, High Tower, Macro Cell Low Power, Low Tower, Small Cell Lower Power, Portable, Elastic Cell
Homogenous Network Heterogeneous Networks (HetNet)

Regulatory Model Shifts
o INew  JFtwe

Exclusive Access Shared Access Dynamic Sharing
Predominantly licensed access Increased unlicensed access More balanced Licensed/Unlicensed access
both incorporating Dynamic Sharing

Allocation tied to technology Technology Neutral Adaptable to Technology Changes

Manual, Command and Control Beauty Contest, Auction (more  Computerized, database-assisted real-time

Allocation (easily politicized, regulator market driven, but subject to dynamic and temporal allocation (lowest

loses control once allocated) market power abuse, regulator  entry barrier, regulator has greater control)
has little control once allocated)

Allocation tied to technology Technology Neutral Adaptable to Technology Changes

Static, Long Cycle (10+ years) Periodical Refarming, Shorter Real-time, Dynamic, and Shared Access (can
Cycle (still in years) be in fine granularity of seconds)

Regulated Monopolies Pro Competition Pro Co-opetition, Pro-Efficiency (e.g.,

infrastructure sharing, spectrum sharing)

Assume Spectrum Scarcity, Minimize Maximizing Spectrum Efficiency, Assume Spectrum Abundance
Interference Tolerates Inteference= 2014 2

BHRIOR © ARG S I R HE BRI I B Jeffrey Yan BEHIZ0R)
(1) SERE TVWS FEFMER

JEREE R E W BRI A E$TE S Louis Casambre 73 ZIEEEE TVWS (Y
B 0 SEERE B IIMEES AR Fy 3.60Mbps » (RN SR - AR 24
ESERAR 17.5 Mbps > 12 R NEIF - L HP B LR AR 7000 2SI - AEiEs Ak

5 Sfia HAE SO A S - G2 839t I f A R R AR A S - Rl
JEEEERH TV SRE B AR H A TBiE s RE: 2 R ~ JEGEE (NLOS) ~ &
FIBEVEFE BRI BRDSE R E D B R ES A 0 R 2 itk — T R B S
EERR T HY 10 SR FEBEE -

JEEEEAE Bohol #hI&E'E 3 {El TVWS #5590k » FEIEZ TR 20 AH -
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HpE TS - AATA 22 5 4HEE (white space ) Fla K EIEkT TEh i EHEHE
ME - EEESEY - BEREHEERENEER -

£ 2020 T > TSR IBE TN S00MHz FH 5 fhfman SRR ELER
R BHEE PEIRIMN S A E A i 2 B R AR SRR SRR IR RIE — K
PREK - (H AU AR SR EG Y = 8 s 1 o A RS P % PR backhaul {58 - 035 A]
REF L C AR S B R & > 1 H AT TVWS & 6MHz FEEAY TV FEiE EifiERY
22 2 29 Mbps > A2\ %#E 40 Mbps > FEF7FE (Non Line of Sight, NLoS ) {##EFEEER]
2100 B BH—{EnEE BRI ER4T 30000 SE AR » FL 0 22 ASEESERE I
FHOFAZ MG R ER Fil HAYE—ER KA -

Apurva N. Mody A& TEE] > SRS Rl m] A1 EA 4R 2 B et e
i A T SR B AT o B [ e I A -

i

20



LORIARR © A2 WhiteSpace Alliance & Apurva N. Mody &k}
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Cisco /X F]RIXEF Robert Pepper st BAARFEAYFE K AR B > i 4p s A B 1 ok

(Internet of Everything, IoE ) » IoE i+ B FRUE FTA S rE 2 b HAgRs - BR 1%
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B2 P2p ( NELA M) » ToE MMEZEAE NBIHEs O - INEFE AR B E R £

ik o
IPEBRE :

{8 Cisco (B4R TERE IR IP I EHUAIRR & - 23K IP BB &1 2013 £
5 H 51 Exabytes 2 2018 4 H 132 Exabytes » S N EEIT 3 % » FHESHE
% (Compound Annual Growth Rate, CAGR) £y 21% - F32J5 R AL FE4ERE F = B4
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Global IP Traffic by Device Type
By 2018, Non-PC Devices will Drive 57% of Global IP Traffic

21% CAGR
140

120 ENon-Smartphones (0.1%,0.1%)

T Other Portable Devices (0.1%,0.4%)

Exabytes 80 M2M (0.4%,2.8%)

per Month 60 Tablets (2.2%,14.0%)
40 i Smartphones (3.5%,16.3%)
20 BTV (26.5%,23.6%)
: f .. ®PCs (67.2%,42.8%)

0
2013 2014 2015 2016 2017 2018

* Figures (n) refer to 2013, 2018 device traffic share

BRI AZE i Cisco 22 5] BII4&F Robert Pepper fE# &}

IP Big M B AUEA - B AR ¢

{5 Cisco HYTEAL » Wi-Fi B TEI4ERE A B 5] 2018 - 7 A2 T6% AR &
R Wi-Fi (IEREE Fy 61% » TTEIAERSAEEAIE 15% - B4R 2 AEEFTA 8
B ELLERY 24% @RS > 2ERA 210 B AN EH 2 IR M EY aH (IoE)
USSR RRAEIER - Hrh 2 B B3 B RS (VM) B SR A B R M P AR S Y
=n27— (Y1018 HERKALHE -

Global Connected Devices Growth by Type

By 2018, M2M More than a Third of the Total Connections

11% CAGR
25

H Other Portable Devices (5.2%,4.1%)

20
Tablets (2.3%,5.0%)

15 — PCs (12.2%,7.0%)

Billions of = —

Devices 0 TV (10.0%,12.8%)

. Non-Smartphones (37.6%,16.8%)
c |
2 _ Ii‘ ‘ ‘ ® Smartphones (14.1%,19.1%)

| ‘

EM2M (18.6%,35.2%)

2013 2014 2015 2016 2017 2018

* Figures (n) refer to 2013, 2018 device share
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The Spectrum Future Conference

Pacific Telecommunications Council

Spectrum Planning Progress
in Taiwan

Vice Chairman, Yu, Hsiao-Cheng
National Communications Commission

Taiwan
Oct. 30, 2014
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Spectrum Allocation in Taiwan

¢ Telecom Market Status

# Existing Mobile Comm. Spectrum

¢ Upcoming Mobile Comm. Spectrum
¢ UHF Spectrum

¢ Unlicensed Spectrum

¢ Low-Power Wireless Microphone

¢ Short-Range Radar for Automobile
¢ Personal Locator Beacon
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2013 Revenues of Fixed-Line Services

Value-Added International Long Distance
Telephony  Telephony
14% (50.72bn) 3%

(50.16bn)

Service
33% (S1.77bn)

Local
Telephony

26% (S1.36b
Leased-Circuit % (5 n)

Business
22% MOD
(51.19bn) 2% ($0.12bn)

Total: USD 5.3 billion

«(( E=REEA e IEEE =

Nationa al Communications Commission

2013 Revenue of Mobile Services

Other (PHS)

0% ($0.01b
0> n 8% (so 58bn)

3G
92%
(56.64bn)

Total: USD 7.2 billion

National Communications Commi
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4G Spectrum Auction

¢ SMRA
¢ Auction sessions start on 9/3 end on 10/30, 2013

Winning Bidders Bandwidth Total Price

Chunghwa Telecom 70 MHz USD 1,302 m
Far Eastone Telecom 60 MHz USD 1,043 m
Taiwan Mobile 60 MHz USD 967 m
Taiwan Star Cellular (Ting Hing) 20 MHz USD 121 m
Asia Pacific Telecom 20 MHz USD 214 m
Ambit Microsystem (Foxconn) 40 MHz USD 306 m

(((( ESRESREIE =SS

National Communications Commission

4G Service Status

¢ There are five 4G operators. The top three operators
launched 4G LTE services in end of May 2014, after
fulfillment of the minimum requirement of 250 LTE
BSs.

¢ Taiwan Star Telecom launched 4G service on 8/25,
2014.

¢ Asia Pacific Telecom has been granted permission to
launch service on 10/22,2014.

¢ There are 2.7m 2G users and 25.5 m 3G users.

¢ There are 1.7 m 4G users and the number is expected
to reach 3m by end of 2014.

(((( EZREEAmIEIEEE
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4G Signal Coverage

¢ Total of 6697 LTE BSs have been in operation and
5567 LTE BSs are under construction by 10/24
2014.

¢ 95% of population will be covered by LTE signal
by end of 2014.

«(( E=REEA e IEEE =

Existing Mobile Comm. Spectrum

¢ 540 MHz spectrum have been assigned for 2G, 3G, 4G,
WiMAX and PHS mobile services.

Expiration Expiration 5 Expiration
Date Date Date
700 MHz 800 MHz 900 MHz
4G 3G 4G
(703-748 - (825-845 - (885-915 -
758.803) (2030.12.31) 870-890) (2018.12.31) 930-960) (2030.12.31)
(1132‘?#7:'2 é?so 12.31) (11?;23 1|s\3/|1|:)z (F;I:oss"lgis) (21}’?5012/;:'2 (32318 12.31)
1805-1865) B ) (2016.4) 2110-2165) B
2100 MHz 3G TDD 2600 MHz -~ \\inqax

(2565-2625 ~

(2010-2025) (2018.12.31) 2660-2690)

(2016)

2G licenses expire on June 30, 2017.
4G spectrum auction in 2013 includes existing 2G spectrum.

(((( ESREER s
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Upcoming Mobile Comm. Spectrum

¢ Releasing 190 MHz spectrum in 2.6 GHz band (2500 - 2690
MHz) in 2015. Existing WiMAX operators currently are
using 90 MHz.

¢ Auctioning, in 2016 - 2017 time frame, 205 MHz spectrum
in 800 MHz, 1900 MHz and 2000 MHz bands after 3G and
PHS licenses expire.

¢ Will comply to ITU spectrum allotment in 2.3 - 2.4 GHz
and 3.4 - 3.6 GHz bands for 4G mobile service.

¢ Will comply to international standards in
SDL(supplemental downlink) and LTE-U technologies.

(((( (550 2 588 A 18 13 2=

N’:llon’il Communications

HF Spectrum

¢ 530 - 608 MHz is allocated for six 6 MHz Single Frequency
TV Networks.

¢ Other spectrum in UHF band (300 - 700 MHz) are under
utilized and have potential for spectrum sharing.

¢ Transmitting at the same power level, an UHF BS can
cover an area of 6 Km radius while a GSM (1800 MHz) BS
can only cover an area of 2.5 Km radius.

¢ An indoor UHF band AP can replace 9 WiFi APs.

((BExEmmm=a=
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Unlicensed Spectrum

Band Technologies Band Width
0 40()2_'2‘:‘8?"'5"2“”“2) IEEES02.11b/g/n 83.5 MHz
5 GHz
(5250-5350 MHz * IEEE802.11a/n/ac 455 MHz

5470-5825 MHz)

Will allocate 5150 - 5250 MIHz and 5825 - 5850 MHz
for unlicensed wireless LAN use.

Will allocate 57 - 66 GHz for unlicensed small cell BS
backhaul and WiGig use.

(((( E=REEA e IEEE =

Low-Power Wireless Microphone

¢ Wireless microphone operating in 794 - 806 MHz
band causes interference with 4G.

¢ New shared-use spectrum will be allocated for low-
power wireless microphone.

> 485 - 530 MHz - Share use with police, fire
department, taxi and other users.

> 753 - 758 MHz : 4G guard band. Must tolerate
interference from 4G.

> 1790 - 1805 MHz - 4G guard band. Must tolerate
interference from 4G.

(((( ESREER s
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Short-Range Radar for Automobile

¢ 25.9 - 26.65 GHz is existing spectrum for SRR.
¢ Expanding 24.25 - 25.9 GHz spectrum for SRR.

(((( E=REEA e IEEE =

Personal Locator Beacon

¢ Frequency at 406 MHz is allocated for PLB use.

¢ PLB equipment must conform to message format
geﬁncecd by COSPAS-SARSAT and pass type-approval
YN

¢ Must register at the Rescue Coordination
Organization.

¢ No license or fee requirement imposed by NCC.

(((( 5 2% 588 SR 18 43 2= &5
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Questions or Suggestions?
yu@ncc.gov.tw
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PART lll:  FINALISED REGULATORY FRAMEWORK FOR TV WHITE
SPACE OPERATIONS

117. Based on the responses from the public consultation, IDA has fine-tuned the
TVWS regulatory framework to incorporate recommendations from the industry. The
following summarises IDA’s decision on the various key issues and also the way
forward.

Licensing Framework for WSD

118. WSD operations will be on a licence-exempt basis. However, its technical and
operational parameters will be subject to the technical specifications as defined by
IDA.

119. To give effect to the opening up of the TVWS channels for the operation of
WSD on a licence-exempt basis, IDA will be amending the Telecommunications
(Exemption From Section 33, 34(1)(b) and 35) Notification.

120. WSD equipment will be required to register under the GER scheme.

121. Subject to administrative and gazetting process, the above amendments for
publication in the Government Gazette are expected to take effect by 1 November
2014. IDA may postpone the effective date if industry needs more time to prepare for
commercial operation. IDA will inform the industry in advance should there be a
change in the effective date.

Frequencies for TVWS operations

(1) Common TVWS Freguencies

122. The following channels highlighted in Table 2 are available for TVWS
operations, subject to IDA’s requirements and regulations. Please note that when
ASO occurs, there will be further amendments to the available TVWS channels. The
700MHz band (694 — 806MHz) will be allocated for IMT services and will no longer be
available for TVWS operations. Prior to the allocation for IMT services, IDA will
remove 14 channels (Channel 49 — 62) from TVWS usage and notify the industry

accordingly.
Table 2: TVWS Channels of Operations
Total No. of Total
TVWS Channels Channels Bandwidth
VHF | i) 181 - 188MHz (Channel 6) 3 21MHz
Band | ii) 209 - 223MHz (Channel 10 and 11)
i) 502 — 518MHz (Channel 25 to 26)
i) 614 - 622MHz (Channel 39)
UHF | iii) 630 — 720MHz (Channel 41 to 50)
Band |iv) 718 — 742MHz (Channel 52 to 54) 21 168MHz
V) 750 — 774MHz (Channel 56 to 58)
vi) 790 - 806MHz (Channel 61 and 62)
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123. Channels 25 and 26 will be blocked from TVWS operations through the Geo-
location Database until further field tests have been conducted on adjacent channel
interference. Channels 25 and 47 will be utilised for safe harbour operations of
licence-exempt wireless microphones operating in accordance to the IDA Short Range
Device Technical Specification. Thus, Channel 47 will also be blocked from TVWS
operations through the Geo-location Database.

(i)  High Priority Channels

124. Two channels will be designated as HPCs?’. These channels can only be
activated when there are no common TVWS channels available at a WSD location.

125. The HPC access will be managed by the Geo-location Database and the
allocation method (including any fees to be imposed) will be left to the commercial
decisions of the Geo-location Database providers. However, Geo-location Database
providers will have to inform IDA of its intended HPC allocation method as part of the
licensing process and the allocation method should be transparent.

126. Allocation and management of the HPCs will not be a mandatory requirement
for Geo-location Database providers. Geo-location Database providers that choose
not to include HPC allocation as part of their Geo-location Database service will have
to block out these HPCs from their Geo-location Databases. While, interested Geo-
location Database providers should synchronise the HPC usage amongst themselves
to ensure the effective usage of HPCs.

WSD General Operating Parameters

() Cateqories of WSD

127. Three categories of WSD will be allowed in Singapore. These are summarised
in Table 3 and the details are provided below:

Table 3: Cateqgories of WSD

Feawsp | Medel WD | Vel o
" saton batabase | S No Yes
In-bugztacgzghli?;ation Optional No Yes
Maximum Power Level 4W EIRP 100mW EIRP 100mW EIRP
Tuneable Power Level Optional Optional Optional

a) Fixed WSD: Fixed WSDs shall transmit and receive at a specified fixed
location. Such WSDs should have the ability to query the Geo-location
Database and select a TVWS channel for operation based on the list of
available TVWS channels provided by the Geo-location Database. A Fixed

%21t should be noted that HPCs availability is subject to the utilisation of these channels. For example, if a company
uses HPCs at a specific location, then these channels will no longer be available to other companies at that

location.
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WSD shall have the ability to transmit at a power level capped at a
maximum of 4W EIRP. Fixed WSDs are able to initiate a network by
sending enabling signals to other client WSDs. IDA will require all TVWS
networks to have at least one Fixed WSD or Mode Il WSD (see below) at
all times.

b) Mode | WSD (Portable): Operation by the Mode | WSD will only be allowed
with the presence of a Fixed WSD or Mode Il WSD in the same TVWS
network. Due to its mobility, IDA will require the transmission power of such
WSDs to be capped at a maximum of 100mW EIRP. This mode of
operation does not require the use of geo-location capabilities and will not
require access to the Geo-location Database, but will determine its
operating channel through a Fixed or Mode 11 WSD.

c) Mode Il WSD (Portable): Mode Il WSDs will be required to have an in-built
geo-location capability and the ability to query the Geo-location Database
to select a TVWS channel for operation based on the list of available TVWS
channels provided by the Geo-location Database. Due to its mobility, IDA
will require the transmission power of such WSDs to be capped at a
maximum of 100mwW EIRP. IDA will require all TVWS networks to have at
least one Fixed WSD or Mode Il WSD at all times.

128. The transmission output power® is characterised as the total transmit power in
the entire emission bandwidth (i.e. 7MHz for VHF channels and 8MHz for UHF
channels) measured at the antennas.

(i)  Antenna Requirements

129. All transmit and receive antenna(s) of personal/portable WSDs shall be
permanently attached. The height of the antenna is defined as the height above
ground, which will enable a Geo-location Database to generate operational
parameters based on the height of the WSD.

(iii)  Out-of-Band (*OOB”) Emission

130. The OOB emission limits for WSDs operating in channels adjacent to local
broadcast channel shall be -56.8dBm EIRP.

131. Emission measurements in the adjacent channels shall be performed using a
minimum resolution bandwidth of 100 kHz with an average detector. A narrower
resolution bandwidth may be employed near the band edge, when necessary,
provided the measured energy is integrated to show the total power over 100 kHz.

(iii)  Unique WSD Identifier

132. Each WSD should have a unique identifier for tracking and verification
purposes. The format for the identifier should be based on recognised standards (e.qg.
ETSI BRAN, TSAC Working Group) and international/industry practices (e.g. FCC

23 Power must be aggregated across all antennas and antenna elements and if multiple modes of operation are
possible (e.g., alternative modulation methods), the maximum conducted output power is the highest total transmit
power occurring in any mode.
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defined identifier). The Geo-location Database will then be required to incorporate the
flexibility to accept different types of Unique WSD Identifiers.

Geo-location Database Access Requirements

133. Prior to accessing the Geo-location Database, all WSDs will have to ensure
that the Geo-location Database they are accessing is authorised by IDA. The list of
authorised Geo-location Databases will be published on IDA’s website when ready.

()  Fixed WSDs

134. Prior to transmission, a Fixed WSD shall query a Geo-location Database to
determine channel availability and transmission power levels at its fixed geographic
location. This will be the primary approach for accessing the Geo-location Database.
Operation of a Fixed WSD is only permitted on these available channels and power
levels as indicated by the Geo-location Database, for a specified validity period.
Additionally, a Fixed WSD that is equipped with spectrum sensing capability can also
use spectrum sensing as a complementary method, so long as it does not cause
interference issues to other devices and users.

135. The geographic coordinates of Fixed WSDs shall be determined to an accuracy
of £50 m by either an incorporated geo-location capability or through a manual
method of keying in the geographical coordinates.

136. A Fixed WSD may indirectly access an authorised Geo-location Database
through another Fixed WSD. The Fixed WSD requiring indirect access to a Geo-
location Database may transmit to another Fixed WSD on a channel which is
indicated as available for use, to access the Geo-location Database to register its
location and receive channel availability and transmission power level information.
Subsequently, the newly registered Fixed WSD must only use the TVWS channels
that the Geo-location Database indicates are available and transmit according to the
maximum power level indicated by the Geo-location Database.

137. In the event where the Fixed WSD is unable to establish contact with an
authorised Geo-location Database or when the authorised Geo-location Database
becomes unavailable, the WSD must cease transmission. The Fixed WSD shall query
the Geo-location Database for the channel availability and transmission power
information in the three situations highlighted below. In these three situations, the
Fixed WSDs will have to adjust its transmission parameters according to those
provided by the Geo-location Database.

a) Activation from a power-off condition;
b) Change in its fixed location; and
c) Expiration of channel validity period.

(i)  Mode Il WSDs

138. Prior to transmission, a Mode Il personal/portable WSD shall primarily rely on a
Geo-location Database to determine channel availability and transmission power
levels at its geographic location to an accuracy of 50 meters. Operations of a Mode |l
WSD is only permitted on these available channels and power levels as indicated by
the Geo-location Database for a specified validity period and spectrum sensing can be
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used as a complementary measure, so long as it does not cause interference issues
to other devices and users.

139. In the event where the Mode Il WSD is unable to establish contact with an
authorised Geo-location Database or when the authorised Geo-location Database
becomes unavailable, the WSD must cease transmission. The Mode Il WSD shall
guery the Geo-location Database for the channel availability and transmission power
information in the three situations highlighted below. In these three situations, the
Mode II WSDs will have to adjust its transmission parameters according to those
provided by the Geo-location Database.

a) Activation from a power-off condition;
b) Change of more than 100 meters from its original location; and
c) Expiration of channel validity period.

140. A Mode Il WSD may query the Geo-location Database for channel availability
and transmission power information for multiple locations around or in the vicinity of its
current location and use that information in its operation. A Mode Il WSD may use
such available channel information to define a geographic area within which it can
operate on the same available channels at all locations. A Mode Il WSD using such
channel availability information for multiple locations must contact the Geo-location
Database again if/when it moves beyond the boundary of the area where the channel
availability data is valid, and must access the Geo-location Database daily even if it
has not moved beyond that range to verify that the operating channel(s) continue to
be available. Operation must cease immediately if the Geo-location Database
indicates that the channel is no longer available.

(i) Mode | WSDs

141. A Mode | personal/portable WSD need not query the Geo-location Database,
however channel availability and transmission power information shall be obtained
from a Master WSD, which could be either a Fixed or Mode 1l WSD with direct access
to the Geo-location Database.

142. A Mode | WSD shall only transmit on receiving the transmission of a Master
WSD. To initiate contact with a Master WSD, a Mode | WSD may transmit on a
channel the Master WSD indicates as available for use by a Mode | WSD. Once the
Mode | WSD receives contact verification signal from the Master WSD, it can
commence transmission on channels that have been identified as available by the
Master WSD. The Master WSD must provide the list of available channels to the
Mode | WSD that is the same as the list of channels available to the Master WSD
itself.

143. At least once every 60 seconds, except when the WSD is in power-off or sleep
mode?*, a Mode | WSD must either receive a contact verification signal from the Mode
Il or Fixed WSD that provided its current list of available channels or contact a Mode Il
or Fixed WSD to re-verify/re-establish channel availability. A Mode | WSD must cease
operation immediately if it does not receive a contact verification signal or is not able
to re-establish a list of available channels through contact with a Fixed or Mode I
WSD. Consequently, if a Fixed or Mode Il WSD loses power and obtains new channel

24 A mode in which the device is inactive but is not powered-down.
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availability information, it must signal all Mode | WSDs it is serving to acquire and use
a new channel list.

(iv) Channel Validity Period

144. At a minimum, WSDs shall query the Geo-location Database every 6 hours to
obtain updated information of channel availability and transmission power level at its
location. IDA will require this channel validity period of 6 hours to be configurable and
the Geo-location Database should incorporate this flexibility for IDA to amend the
channel validity period.

(v)  Security Requirements for WSDs

145. Security measures shall be incorporated to ensure that communications
between WSDs and authorised Geo-location Databases will not be corrupted and will
prevent unauthorised interception/modification of data. Upon obtaining information
from the Geo-location Database and selecting a channel for operation, the WSD shall
adhere to the maximum power level as defined by the Geo-location Database for its
selected channel of operation. Secure methods shall be employed to ensure that such
transmission power information will not be manually modified.

146. The above security measures shall also be applicable for communications
between Mode | portable WSDs and Master WSDs for purposes of providing a list of
available channels. Contact verification signals transmitted from a Master or Mode |
WSDs are to be encoded with encryption to secure the identity of the transmitting
device.

(vi) Optional Requirements

147. WSD manufacturers and Geo-location Database providers may implement a
system that pushes updated channel availability and transmission power information
from the Geo-location Database to WSDs. However, the use of such a system is not
mandatory, and the requirements for WSDs to validate the operating channel upon
expiry of channel validity continue to apply if such a system is used.

Coexistence of Service

(1) Co-channel Coexistence

148. All WSDs must not cause interference to the protected services that are
operating within the TVWS band, these include licensed wireless microphones and
private mobile radio services. The Geo-location Database provider, through the Geo-
location Database, shall be responsible for ensuring coexistence through the
methodology prescribe below:

a) The WSD will have to inform the Geo-location Database of its operating
location and the height of its transmitting antenna. The Geo-location
Database will determine the separation distance between the WSD and the
receiver station of the protected services.

b) The Geo-location Database upon receiving the location and height

information will calculate the path loss using Hata propagation model
between the WSD and the receiver station of the protected services. To
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avoid any interference issues, the Geo-location Database will have to
ensure the signal level propagated from a WSD reaching the receiver
station will be at the noise floor level of -115dBm.

c) On this basis, the Geo-location Database will use the path loss information
to compute the maximum permissible transmission power level for the
WSD for each available TVWS channel. The Geo-location Database will
then return the spectrum availability information and the maximum
transmission power for the respective channels to the WSD requesting this
information.

(i) Cross-border Coexistence

149. Al WSDs must not cause interference to broadcasting and other services in the
neighbouring countries. The Geo-location Database provider shall be responsible for
ensuring cross-border coexistence through the methodology prescribe below?:

a) The WSD will have to inform the Geo-location Database of its operating
location and the height of its transmitting antenna. The Geo-location
Database will determine the separation distance between the WSD and
borders of Singapore?.

b) The Geo-location Database upon receiving the location and height
information will calculate the path loss using Hata propagation model
between the WSD and the borders of Singapore. To avoid any interference
issues, the Geo-location Database will have to ensure the signal level
propagated from a WSD reaching the Singapore borders will be at the
noise floor level of -115dBm.

c) On this basis, the Geo-location Database will use the path loss information
to compute the maximum permissible transmission power level for the
WSD for each TVWS channel. The Geo-location Database will then return
the spectrum availability information and the maximum transmission power
for the respective channels to the WSD requesting this information.

(i)  Licence-Exempt Device Coexistence

150. The two designated safe harbour channels for licence-exempt wireless
microphone operations are Channel 25 (502 — 510 MHz) and Channel 47 (678 — 686
MHz). In these safe harbour channels, there shall not be any TVWS operations.

151. In the event that users of licence-exempt wireless microphones require
operations beyond the safe harbour channels, they shall seek approval from IDA with
the necessary justifications. Subsequently, these users will need to register the
approved wireless microphone operations with an authorised Geo-location Database
for protection. The protection of these additional channel(s) is temporary and is valid
only in the approved location and stipulated period.

% This methodology will only be needed for VHF channel 11, UHF channels 25, 39, 41, 43, 45, 47, 49, 51, 53, 55,
57,59, and 61

% The Malaysia and Singapore border is defined in the Agreement between the Government of Malaysia and the
Government of the Republic of Singapore to delimit precisely the territorial waters boundary in accordance with the
Straits Settlement and Johor Territorial Waters Agreement 1927, signed on 7 August 1995.
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Geo-location Database Operations and Registration

(1) General Requirements

152. The Geo-location Database shall determine and provide to a WSD, upon
request, the available channels and maximum transmission power level at the WSD’s
location. The available channels are determined based on the co-existence
requirements in earlier sections.

(i)  Update of Licensed Service Information

153. At a minimum, authorised Geo-location Databases shall query the Geo-location
Database every 6 hours to obtain updated information of licensed services that are to
be protected. IDA will require this refresh period of 6 hours to be configurable and the
Geo-location Database should incorporate this flexibility for IDA to amend the refresh
period.

(i)  Security Requirements for Geo-location Database Operations

154. Geo-location Databases shall be protected from unauthorised data input or
alteration of stored data. To provide this protection, TV Geo-location Database
providers shall establish communications authentication procedures that allow the
Fixed or Mode Il WSDs to be assured that the data they receive is from an authorised
source.

155. In making the lists of available channels to the WSDs, the Geo-location
Database shall ensure that all communications between the Geo-location Database
and the WSDs include adequate security measures such that unauthorised parties
cannot access or alter the Geo-location Database or the list sent to the WSDs or
otherwise affect the Geo-location Database system or WSDs.

(iv) Regqistration of WSDs

156. Fixed WSDs are required to register with the Geo-location Database when it is
first activated or after changing location by providing the information listed below. The
network operator or service provider responsible for a Fixed WSD must ensure that
the Geo-location Database has the most up-to-date information for the Fixed WSD.

a) Unigue WSD Identifier

b) WSD’s geographic coordinates (latitude and longitude)

c) Height of the WSD antenna

d) Name of individual or business that is responsible for the WSD
e) Name of a contact person responsible for the WSD’s operation
f)  Address for the contact person

g) Email address for the contact person
h)  Phone number for the contact person

157. A portable WSD operating in Mode Il shall provide the Geo-location Database
its unique identifier and the WSD’s geographic coordinates (latitude and longitude
accurate to £50 meters). The Geo-location Database shall have the mechanism to
store the up-to-date information for Mode Il WSDs for at least 6 months.
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158. A portable WSD operating in Mode | shall provide the Geo-location Database
its unique identifier through a Master WSD (i.e. either a Fixed or Mode Il WSD). The
Geo-location Database shall have the mechanism to store the unique identifier
information of both the Mode | WSD and its Master WSDs for at least 6 months.

Licensing Framework for TVWS Geo-location Database Provider

159. Parties that are interested in developing and managing a TVWS Geo-location
Database service in Singapore are invited to apply for an SBO (Individual) Licence
from IDA.

160. With regard to licence fee, IDA will waive the annual SBO licence fee for the
Geo-location Database providers in the first two years of implementation.
Subsequently, IDA will assess whether to continue the waiver of the SBO licence fee.

161. There will be no limit set for the number of Geo-location Database providers to
be licensed. However, in their application for the licences, IDA will require interested
parties submit their vision for TVWS deployment in Singapore, and business plans,
including plans on how they will ensure business continuity. More information of the
SBO (Individual) Licence template can be found on the IDA website and the additional
licence conditions®’ for a Geo-location Database provider are highlighted Annex A.

Effective Date of Requlatory Framework

162. The regulatory framework will take effect from 1 November 2014. IDA may
postpone the effective date if industry needs more time to prepare for commercial
operation. IDA will inform the industry in advance should there be a change in the
effective date.

2" The licence conditions highlighted in Annex A are indicative and may be subject to further changes.
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11

1.2

1.3

21

ANNEX A

LICENCE CONDITIONS FOR THE PROVISION OF WHITE SPACE GEO-

LOCATION DATABASE SERVICES

Scope of Services

The Licence enables the Licensee to establish, install, maintain and operate a
white space (“WS”) geo-location database system for the provision of WS geo-
location database services.

The Licensee shall ensure that the System is capable of the following functions:

(@) upon request by WS devices ("WSDs”), determine and provide to WSDs,
the available channels and maximum transmission power level at the
WSDs'’ locations; and

(b) provide a registration platform and repository for information relating to
WSDs and the contact details of WSD users in accordance with Condition
8 of this Annex.

The Licensee shall ensure that the Services are hosted by servers that are
physically located in Singapore.

Co-Channel and Cross-border Coexistence

To facilitate co-channel coexistence of WSDs with other radio-communication
services, as well as cross-border coexistence of WSDs at or near the borders
of Singapore, the Licensee shall comply with the following in the provision of
the Services:

(@) determine the separation distance between the WSD and the receiver
station of each protected service as obtained from IDA in accordance with
Condition 5.1 of this Annex (“Protected Service”), as well as between the
WSD and the coordinates set out in Schedule B;

(b) calculate the path loss using the propagation model as notified by IDA to
the Licensee (“Propagation Model”) between the WSD and the receiver
station of each Protected Service, as well as between the WSD and the
Coordinates;

(c) use the path loss information and noise floor level, which shall for the
purposes herein be fixed at -115dBm or such other value as notified by
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3.1

3.2

3.3

3.4

IDA to the Licensee, as the basis to compute the maximum permissible
transmission power level for the WSD for each available WS channel; and

(d) return the spectrum availability information and the maximum
transmission power for the respective channels to the WSD that is
requesting this information.

Management of High Priority Channels

Where the Licensee has obtained IDA’s prior written approval for the Licensee
to manage access to the high priority channels as notified by IDA to the
Licensee (“HPCs"), the Licensee shall comply with the following:

(@) Not allocate any HPC to any WSD unless there is no common WS
channel? available to a WSD at the WSD’s location at that point in time;

(b) Allocate all HPCs using a fair process and in accordance with the
allocation method which has been notified by the Licensee to IDA;

(c) Notify IDA in writing prior to changing the allocation method of any HPC;
and

(d) Take reasonable precautions to prevent interference between the
Licensee’s WSD users, and between the Licensee’s WSD users and other
licensees’ WSD users. Without prejudice to the generality of the
foregoing, the Licensee shall cooperate and coordinate with other
licensees who are also managing access to the HPCs, to prevent any
such interference.

Where the Licensee is managing access to the HPCs, the Licensee shall obtain
IDA’s prior written approval before ceasing to manage such access.

IDA reserves the right to require the Licensee to change its allocation method for
any HPC as necessary.

Where the Licensee has not obtained IDA’s prior written approval for the
Licensee to manage access to the HPCs, the Licensee shall not provide any
WSD with any access to any HPC.

28

Common WS channels refer to the authorised radio frequency bands as set out for WSDs in the

Telecommunications (Exemption from Sections 33, 34(1)(b) and 35) Notification but excluding the channels
designated as HPCs as notified by IDA to the Licensee.

Page 38 of 42



i —=z12

4

4.1

4.2

5.1

5.2

6.1

6.2

7.1

7.2

7.3

Accuracy of Information

The Licensee shall ensure that the information on available channels and
maximum transmission power that the Licensee provides to any WSD is
accurate.

Where there is any inaccuracy in respect of the information described in
Condition 4.1 of this Annex, the Licensee shall act promptly to resolve the
inaccuracy.

Obtaining Current Information relating to Protected Services

The Licensee shall obtain from IDA, once every 6 hours, current information in
relation to the Protected Services.

IDA reserves the right to require the Licensee to obtain current information in
relation to the Protected Services on a more frequent basis or at such specific
timings as notified by IDA.

Pricing, Terms and Conditions

The Licensee shall inform IDA of their pricing, terms and conditions for the
provision of the Services prior to any commercial launch or public
announcement for the provision of the Services.

IDA reserves the right to regulate any of the pricing, terms and conditions as IDA
deems fit.

Security Requirements

The Licensee shall establish communications authentication procedures, and
notify IDA in writing of the communications authentication procedures adopted
by the Licensee, for the purpose of ensuring that data received by any WSD in
connection with the provision of the Services by the Licensee is from an
authorised source.

The Licensee shall take all reasonable precautions to ensure that all
communications between the System and the WSDs cannot be accessed,
altered or otherwise affected by any unauthorised person.

IDA reserves the right to require the Licensee to comply with any other security
requirement as necessary.
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8

8.1

8.2

8.3

8.4

8.5

Registration and Repository of WSD Information

The Licensee shall provide and maintain a registry for users of Fixed WSDs?°
to register and store the following information:

(@) Unique Device Identifier (“Unique ID");

(b) Device geographic coordinates such as the latitude and longitude;
(c) Height of the WSD antenna;

(d) Name of individual or business that is responsible for the device;
(e) Name of a contact person responsible for the device’s operation;
()  Address of the contact person;

(g Email address of the contact person; and

(h) Phone number of the contact person.

The Licensee shall provide and maintain a registry for users of Mode | WSDs*°
to register and store the Unique ID of the Mode | WSD, and the Unique ID of
the relevant Fixed WSD or Mode Il WSD*! through which the Mode | WSD is
accessing the Services provided by the Licensee.

The Licensee shall provide and maintain a registry for users of Mode 1l WSDs
to register and store the Unique ID of the Mode 1l WSD.

The Licensee shall store and maintain the information in the registries
described in Conditions 8.1, 8.2, 8.3 and 8.5 of this Annex for a period of not
less than 6 calendar months from the date of termination of the Services to the
customer, and the registries shall be made available for inspection by IDA.

IDA reserves the right to require the Licensee to record any other details as
necessary in its registries.

2 sFixed WSD"” refers to a device which is operating in a fixed geographic location and with a maximum
transmission power of 4 W EIRP.

° “Mode | WSD" refers to a device which is operating on a portable basis, in conjunction with a Fixed or Mode I
WSD, and with a maximum transmission power of 100 mW EIRP.

31 “Mode Il WSD” refers to a device which is operating on a portable basis and with a maximum transmission
power of 100 mW EIRP.
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9

9.1

9.2

9.3

9.4

10

10.1

10.2

Discontinuation of Operations

The Licensee shall not transfer the control or ownership of the System or any of
its records to any other person unless prior written approval has been obtained
from IDA.

The Licensee shall ensure that it has an adequate business continuity plan
(“BCP”) in place, and submit a copy of such BCP to IDA. Where the Licensee
makes any change to its BCP, the Licensee shall also promptly provide IDA
with an updated copy.

IDA reserves the right to require the Licensee to include additional steps,
measures or precautions as part of the Licensee’s BCP as necessary.

In any event where the business continuity of the Licensee is or may be
affected, the Licensee shall follow its BCP to the fullest extent possible and as
appropriate under the circumstances in order to ensure the continuity of the
provision of its Services.

Access to WSD Information

The Licensee shall provide IDA with the relevant rights to obtain current WSD
information that is stored within its System for the purpose of investigating any
alleged or actual interference with the operation of any authorised station or
network.

The Licensee shall, where required by IDA, restrict the availability of WS channels

for WSDs that do not conform to the relevant IDA Technical Specifications, or that
interfere with the operation of any authorised station or network.
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ANNEX B

REVISED SEQUENCE OF OPERATIONS BETWEEN A WSD AND
THE GEO-LOCATION DATABASE

‘l _[:-

=

Fixed/Mode I >
WSD
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