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ABSTRACT

Spectrum Management Policy Framework for Mobile Broadband in Sri Lanka

Spectrum management has become an important aspect of regulation as part of
industry broadband growth and foster innovation. The statutory framework that exists
currently in Sri Lanka for mobile broadband spectrum management is elementary and
outdated. Therefore, the current regulations fall short of driving the exponential
broadband growth in the telecommunications industry, promoting investment and
innovation in the provision of services which ultimately results the consumers to use
poor quality broadband services and products.

This research is mainly focused to identify the most suitable spectrum policy
changes required to foster the mobile broadband growth in Sri Lanka; solutions to the
existing spectrum management problems, what steps need to be taken to be taken to
avoid these problems in the future; What actions need to be taken to foster innovation
and spectrum best practices around the globe. There are few steps used to gather
information for the policy framework. A survey was conducted among the all mobile
operators/TRCSL/Main equipment vendors covering the 360 landscape of the mobile
telecommunication industry in Sri Lanka. Then a study was done about the already
implemented broadband policy frameworks in south Asian developed countries. And
also, it was thoroughly analyzed the spectrum policy frameworks introduced by ITU
and regional regulators

Finally, spectrum policy recommendations to Sri Lankan industry context were
suggested in three main pillars of spectrum policy concepts namely Spectrum
Planning, Spectrum Management and Spectrum Licensing with each concept having
three main areas of study.

Keywords: Spectrum, Broadband, Mobile telecommunication, Policy



DEDICATION

To my loving wife Uththara and my three little princesses — Sethuni/Sanumi/Keyara



ACKNOWLEDGEMENTS

Foremost, | would like to express my sincere gratitude to my supervisor Eng. Kithsiri
Samarasinghe for the continuous support given for the research, for his patience,
motivation, enthusiasm, and immense knowledge. His guidance helped me in all the

time of research and writing of this thesis.

Further, I must thank all the lecturers engaged in the M.Sc. course sessions for making
our vision broader, providing us with the opportunity to improve our knowledge in

various fields.

It is a great pleasure to remember the kind cooperation of all mobile network operators,
all mobile broadband equipment vendors and my colleagues who have helped me in
this post graduate programme by extending their support during the research period.

My special thanks go to my spouse Uththara and my family, for supporting me

spiritually throughout my life and tolerating my engagement on this work.



TABLE OF CONTENTS

AB ST R A CT L. e e e e e e et e e e e a e i
DEDICATION. ...t e e e e e e e a e e e e e e s s et e e eraeaeeeaaans i
ACKNOWLEDGEMENTS ...t a e e e \Y]
LIST OF FIGURES ..ottt a e e n e e e e vii
LIST OF TABLES . ...t e e IX
LIST OF ABBREVIATIONS ..ottt Xi
1. INTRODUCTION ..ottt e e e e r e e e e e e e e neeees 1
1.1 Importance of Broadband............cccocveiiiiiiiiiiiiiiee e 1
1.1 Global Trend of Broadband .............cccoeeiiieiiiie e 2
1.2 Broadband Status in Sri LankKa..........c.ceovuveiiireiiiie i see e see e 5
1.3 Importance of Spectrum Management for Broadband growth .......................... 9
1.4 ReSearch ProbIem ... 11
T O o] 1= od |- ST OUROURRPPIS 12
18 SCOPE. .ttt 12
2. ANALYSIS ON STRUCTURE OF THE POLICY FRAMEWORK ................ 13
2.1 Policy FOrmMUIAtIoN .......cveiiiieiciie e 13
2.1.1  What S POLICY? .eeciiiieiiee ettt 13
2.1.2  Framework for public policy making .........cccccceevveiiive e, 13
2.1.3  Phases of policy making ProCess.........cccveiiveeiiieeiiiee e sieeesieee e 15
2.1.4  Broadband Spectrum POlICY........cccoveiiiieeiiee e 15
2.2 Mobile Broadband Spectrum Policy: The ITU FrameworkK........................ 16
2.3 Mobile Broadband Spectrum Policy: Regional Initiatives ......................... 20
2.3.1  ASEAN 2020 ICT MaSterplan ........cccccooveiieiiieieeniiene e e, 21
2.3.2  SAARC ICT INILIALIVE ...cvveivieiiieiiieiieee e 21
2.4 Mobile Broadband Spectrum Policy: GSMA FrameworK................c......... 23
2.4.1  SPeCtrum PlanNing.........ccooivieiiiee e 23
2.4.2  Spectrum Management ..........eevvieeeiiiiiiiiiiiee e 26
2.4.3  SPECLrumM LICENSING ...c.vvveiiviee ittt 29
2.5 Review of Mobile Broadband Spectrum Standards in Sri Lanka................ 35
3. LITERATURE SURVEY ON EXISTING MOBILE BROADBAND
SPECTRUM POLICIES ......ooiiiieiieceet ettt 36



3L NI e e 37

3.1.1  Spectrum policy and prediCtions ...........cccccveiieiiieniienie e 38
3.1.2  Challenges in the Spectrum POliCY ........cccooviiiiiiiiiiieie e 39

KT O o1 o - PSSP 42
3.2.1  Spectrum policy and prediCtions ...........cccocvvereeiiienieenie e 43

TR T {110 (o] 0 -TS] T USSP 44
3.4 Spectrum Policy COMPAriSON ........cueeiiiiiieiiieniie et 50
4. METHODOLOGY ...ttt a e e e e s e n e e e e e e e s nnnnees 51
4.1  Research Methodology .........ccoieiiiiiiiieiie e 51
4.2  Select the Resource Persons to Produce the Set of Questions .................... 52
4.3 Define the Set 0f QUESLIONS.......vvveiiiieiiie e 53
5. RESULTS AND ANALYSIS FOR SRI LANKAN CONTEXT.........ccccvvveeeen. 56
5.1  SPectrum Planning ........cccvoiiiiiiiiieiie e 56
5.1.1  Band Plan Harmonization ...........ccccveeiiieeiiiire e 56
5.1.2  Cross border INTErferenCe.........oovveiieiiiieiiiesie s 57
5.1.3  SPectrum ROAAMAP.......ceeiivrreeiiieeeiiie ettt e st e e s e e sree e srae e snae e e eeae e 61

5.2 SPECtrum ManagEMENT .........eeiiiieiiiiiiiiiiiii et e e e 75
5.2.1  Spectrum effiCIENCY ....vvveiiiie et 75
5.2.2  SPECLrUM SNAIING ...eeeivireiiiee ettt 84
5.2.3  SPECrumM Trading ....ccccvvreiiureeiiieeeiieeeeire e st e e s e e sree e sae e e e e snae e 88

5.3 SPECLrUM LICENSING ..eeivvieiiiieiiiie ettt e st s et e sie e e e enee e 89
6.  CONCLUSION ...oooitiiiiiit ettt et nneas 96
6.1 Further Research OPPOITUNILIES ........cccveeeiiieeiiie e 100
REFERENCE LIST ..ottt sttt nne s 101
AppendiX A: SUNVEY RESPONSES ......ccivieeiiieeiiiieeeiireessiteeestae e e saeeesraeesaeeesraeeareeeas 102

Vi



LIST OF FIGURES

Figure 1.1: Forecast of mobile connections globally (2014-2018)..........c.ccccoevvernenne. 3
Figure 1.2: Forecast growth in mobile connections Asia pacific region (2014 — 2018)
................................................................................................................................. 3
Figure 1.3: Traffic growth rate comparison between developing and developed

(0101011 TSR 5
Figure 1.4: Mobile Industry statistics, Sri Lanka ...........ccccceerviiiieniiiiieiiencenee 7
Figure 1.5: Mobile and Fixed broadband growth in Sri Lanka.............cccocoveviiennnnnn. 8
Figure 1.6: Mobile Broadband penetration Asian countries, 2017..........ccccccovvvereennnn. 9
Figure 1.7: Electromagnetic Spectrum portfolio ..........cccooveviiiiiiiie i 10
FIgure 2.1: PEST ANAIYSIS ......ooiiiiiiiiieece e 14
Figure 2.2: POliCY MaKing PrOCESS......ccuueiiiiiiiiiieiiiesiie ettt 14
Figure 2.3: POlICY MaKing StAgES. ......covuviiiiiiieiiiie sttt 15
Figure 2.4: Regional spectrum management authorities.............cccovvvviieniiiiieinenne 17
Figure 2.5: ITU Transition to market based liberalized spectrum management models
............................................................................................................................... 19
Figure 2.6: GSMA Spectrum Management Policy lands Scape ...........cccevvvveiieincene 23
Figure 2.7: Spectrum valuation PrOCESS ..........ceivreerieeeiieeesiireesiieessrveessaeeesaeeesnens 31
Figure 2.8: Regulating mobile technology use in European union .............ccccceeeeee.. 34
Figure 3.1: India country profile..........cccveiiiieiiie e 37
Figure 3.2: Mobile operators and technologies ...........ccccvveviive e, 38
Figure 3.3: China country profile ..........cccooovreeiie e 42
Figure 3.4: Mobile operators and technologies ...........cccccvveviiie i, 43
Figure 3.5: Indonesia Mobile operators and Spectrum use, 2016 ............ccccceevveennen. 45
Figure 3.6: Indonesia Revenue and Technology Trend ............cccocveiviveiiineecciiee e, 45
Figure 3.7: Spectrum prices for ASEAN COUNEIIES ........cceevvvveiiire e 46
Figure 3.8 : Spectrum prices Vs ARPU for ASEAN COUNLIIES.........cccveevvveevveeennnen. 46
Figure 3.9: Spectrum Road map Vs achieved Targets.........cccceevvveiiieeeiinee e, 47
Figure 3.10: LTE spectrum availability in spectrum bands in Indonesia .................. 47
Figure 3.11: Spectrum realignment for 1800 MHz continuous operation................. 48
Figure 3.12: Spectrum realignment for 2100 MHz continuous operation................. 48
Figure 3.13: Spectrum Neutrality in Spectrum Bands, Indonesia............c..cccccoeenee.. 49
Figure 3.14: Spectrum Sharing PoliCY ........ccccoiiviiiiii e 49
Figure 4.1: Spectrum Policy Frame Work, GSMA ........cccccoiie i 53
Figure 5.1: Indian Interference effect to Extended E GSM band .............c..ccccveenee. 57
Figure 5.2: Interference effect between Band 5and 8..........ccccccovveiiieecinec e, 58
Figure 5.3: Spectrum allocation in Sri Lanka and India .............ccc.cooeveeiineeiiiecnnen. 58
Figure 5.4: Cordless interference to Mobitel 3G network ...........c..cccoveeviieeiiieennn. 60
Figure 5.5: TDD LTE OPEration .........ccoiuiiieiiiiiieeisiiiee et eesiree e sivea e sinaae e 61
Figure 5.6: Internet penetration (% Population) in selected Asian countries 2016....63
Figure 5.7: Frequency Vs Coverage prediCtion..........ccccveeiiiiiiieeiiiiiic i ciiieee 64

Vil



Figure 5.8: CAPEX/Number of sites Vs Planning frequency ..........cccccevvieiveinnnne 64

Figure 5.9: Overview of Sri Lankan demographiCs...........cccccverviinieiiieniienie s, 65
Figure 5.10: Conceptual representation of the benefits of 700 MHz deployment over
exiting IMT SPECIrUM DANGS. .........viiiieiiieie e 68
Figure 5.11: Digital TV conversion status, SOuth Asia ..........ccccccevvviiieiiieeiiieeee, 69
Figure 5.12: LTE spectrum band plan for different demographics in Sri Lanka ....... 70
Figure 5.13: 5G SPECLIUM USE CASES .....vvevvreireeireittiesieeasieeasteesieeesteessneesteeanneesnee e 71
Figure 5.14: Global availability and planning of the 3300-4200 MHz and 4400-5000
IMHZ frEQUENCY TANGES ...ttt ettt ettt 72
Figure 5.15: Candidate frequency bands of WRC — 19.........ccccooiiiiiiiiniiiiic e, 72
Figure 5.16: Frequency bands for early deployment of 5G millimeter wave systems
............................................................................................................................... 73
Figure 5.17: Evolution of the peak theoretical downlink speeds ............ccccceevernene 76
Figure 5.18: 1800 and 2100 MHz spectrum allocation, Sri Lanka...............c.cccuveee. 77
Figure 5.19: Mobitel LTE speed problem due to 1800 MHz fragmented spectrum ..78
Figure 5.20: Inter-modulation of tWO Carriers..........ccocovvveriveriieniiieceee e 79
Figure 5.21: Spectrum CONtINUOUS OPLIONS.......ccveiiiieriieiiie it e et 82
Figure 5.22: Spectrum utilization in different operators, Sri Lanka...............ccc........ 85
Figure 5.23:TV broadcast spectrum vs possible LTE spectrum bands...................... 87
Figure 5.24: Different spectrum prices on developing nations .............ccccceeviveeennnen. 91
Figure 5.25: Spectrum prices compared on developing vs developed countries ....... 91
Figure 5.26: Spectrum prices vs Broadband network Quality ..............ccccceevvieennen. 92
Figure 5.27: Global connections by technology ..o, 94
Figure 5.28: Global LTE deployment spectrum bands and assignment .................... 95

viii



LIST OF TABLES

Table 1.1 : GDP growth and Job creation due to Broadband..............c.cccceevvveeiinnnne 1
Table 1.2: Key demographic and economic iNdiCatorsS..........ceuvvveiivreeiineesiieeesienenn 4
Table 2.1: ITU Spectrum gUIdeliNeS.........ccuveiiiieiiie e 20
Table 2.2: ASEAN Master plan 2020 ..........ccoooiviiiieiiieiiee e 21
Table 2.3: SATRC-19 final POIICY........ooiiiiiiiiii e 22
Table 3.1: Summary of total licensed spectrum in various countries................c....... 40
Table 3.2: Spectrum availability in commonly deployed bands .............ccccooveinenne. 40
Table 3.3: Spectrum Policy COMPAriSON ........ccviiiiieiiieiieeie e 50
Table 4.1: SUIVEY SAMPIE ...c.uiiiiie s 52
Table 4.2: Survey Questionnaire for Spectrum Policy Frame, Sri Lanka.................. 54
Table 5.1: Broadband technologies and spectrum details in Sri Lanka.................... 62
Table 5.2: Mobile Operator’s Technologies and coverage penetration..................... 62
Table 5.3: 3GPP standardize band plans for APT — 700 MHz band allocation......... 67
Table 5.4: Uplink coverage simulation for different LTE frequencies...................... 67
Table 5.5: 5G SPECtrum OPLIONS ......cciuviiiiiiiiesiee e 74
Table 5.6: Technology vs Spectrum EffiICIENCY .......cccvviiiiiiiiieie 76
Table 5.7: PIM Effect to Sri Lankan Mobile Operators ..........cccccveevvveiviveesvieeiiinnns 81
Table 5.8: Fixed Broadband Sri Lankan operators Spectrum details ....................... 83
Table 5.9: LTE CA deployment Dands ............ccceovieeeiiie i 84
Table 5.10: Opening the 2.3 GHz band With LSA ..o, 87
Table 6.1: Mobile Broadband spectrum Policy recommendation...............c.ccceevein. 97


file:///C:/Users/amilan/Desktop/New%20folder/MSc%20Thesis_AmilaNagasinghe_158484U.docx%23_Toc42698081
file:///C:/Users/amilan/Desktop/New%20folder/MSc%20Thesis_AmilaNagasinghe_158484U.docx%23_Toc42698082
file:///C:/Users/amilan/Desktop/New%20folder/MSc%20Thesis_AmilaNagasinghe_158484U.docx%23_Toc42698083
file:///C:/Users/amilan/Desktop/New%20folder/MSc%20Thesis_AmilaNagasinghe_158484U.docx%23_Toc42698085

LIST OF APPENDICES

Appendix Description Page

Appendix A Survey Responses 102



LIST OF ABBREVIATIONS

Abbreviation

2G
3G
3GGP
4G
5G
APT
ARPU
ASEAN
BB
CA
CAGR
CAPEX
CBD
CEPT
CITEL
DAS
DECT
DL
DoT
E-GSM
eMMB
EU
FCC
FDD
GDP
GSM
GSMA
GSR
HSPA
HSUPA
ICT
IMT
loT
ITU
KPI
LSA

Description

2nd Generation
3rd Generation

3rd Generation Partnership Project
4th Generation

5th Generation

Asia Pacific Telecommunity
Average revenue per user
Association of Southeast Asian Nations
Broadband

Carrier Aggregation

Compound Annual Growth Rate
Capital expenditures

Central Business District

European Conference of Postal and telecommunication Administration
Inter-American Telecommunication Commission

Distributed Antenna System
Digital Enhanced Cordless Telecommunications
Downlink

Department of Telecommunications

Extended Global System for Mobile

Enhanced Mobile Broadband

European Union

Federal Communications Commission
Frequency Division Duplex

Gross Domestic Product

Global System for Mobile

Global System for Mobile Association

Global Symposium for Regulators

High Speed Packet Access

High Speed Uplink Packet Access
Information and Communications Technology
International Mobile Telecommunications
Internet of Things

International Telecommunication Union

Key Performance Indicator

Licensed Shared Access

Xi



LTE Long Term Evolution

LTE-A Long Term Evolution - Advance
MIMO Multiple Input Multiple Output
NB Narrow Band
NBCC National Broadband Consultative Committee
NR New Radio
OPEX Operational expenditure
PEST Political,Economical,Social, Technological
PIM Passive Inter Modulation
QAM Quadrature amplitude modulation
QOS Quality of Service
RCC Regional Commonwealth in the field of Communications
ROI Return on Investment
RRU Radio Resource Unit
RTWP Receive Total Wideband Power
SAARC South Asian Association for Regional Cooperation
SATRC South Asian Telecommunication Regulators Council
SDCCH Stand Alone Dedicated Control Channel
SMS Short Message Service
TCH Traffic Channel
TCP Transmission Control Protocol
TDD Time Division Duplex
TRAI Telecom Regulatory Authority of India
TRCSL Telecommunications Regulatory Commission of Sri Lanka
TV Television
UE User Equipment
UL Uplink
UL Uplink
UMTS Universal Mobile Telecommunications System
UTRAN Universal Terrestrial Radio Access Network
WCDMA Wideband Code Division Multiple Access
Wi-Fi Wireless Fidelity
WLL Wireless Local Loop
WRC World Radio-communication Conference

Xii





