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ABSTRACT

Spectrum ManagementPolicy Framework for Mobile Broadband in Sri Lanka

Spectrum managemelnas become an important aspect of regulation as part of
industrybroadband growth and foster innovatidime statutory framework that exists
currenty in Sri Lanka for mobile broadbargppectrum management is elementary and
outdated Therefore, the current regulatioriall short of drivingthe exponential
broadband growth irthe telecommunications industry, promoting investment and
innovatian in the preision of services which ultimately results the consumers to use
poor quality broadband services and products.

This research is mainly focusedittentify the most suitablspectrum policy
changes requiretb foster the mobile broadband growthSri Lankg solutions to the
existing spectrum management problems, what steps need to be taken to be taken to
avoid these problems in the futuk&hatactionsneed tdoe taken to foster innovation
and spectrunbest practicemround theglobe There are few steps edto gather
informationfor the policy framework. A survey was conducted amongatheobile
operators/TRCSL/Main equipment vendors covering the 360 landscapenoditiie
telecommunication industry in Sri Lank@hena study was done abotlte already
implemented broadband policy frameworksouth Asian developecbuntries.And
also, it was thoroughlyanalyzedhe spectrum policy frameworkistroducedby ITU
andregional regulators

Finally, spectrum policyecommendation® Sri Lankan industry contewere
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
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1. INTRODUCTION

1.1Importance of Broadband

Many of thepreviousy published empirical studieshows that Broadband hasvél

have apositiveinfluenceon socieeconomicprogressin addition when the network
infrastructure is developing impacs on the wider economyhich can improve
productivity, innovation andreate new business opportunites well as providing
improved access to personalized healthcare, online services and facilitating smart
cities.Empirical studiesshowthe socieeconomic impact of mobile broadbagwth

of 10% will resultsto GDP increasdetween 0.26% and 0.92%qj

Furthermore,n terms of jobgreation the research daiadicatesthat the addition of

1000 new broadband connectiomn#l generateup to 33 newobs. [1] Initially new

jobs aregenerated as a result of direct implementatioloroadbangenetrationas an
example jobs created for broadband network infrastructure development. When these
jobs get reduced the indirect job creation comes in to play outside telecommunication

domain.

Table 1.1 gives the summary of GDP growth aol dreation due to the broadband

infrastructure development in the South Asian region.

Tablel.1: GDP growth and Job creation due to Broadband

A broadband

connections

R Cumulative Cumulative

ICT maturity penetration GDP increment  new jobs added

[FEIEEEES USD billi (thousand)

points) (2013- (USD billion)
20)

2, China 4.18 43 855 19 321

E S India 2.21 35 200 14722

= Australia 7.90 37 11 287
(0]

_8— Hong Kong 7.92 61 7 146

: Singapore 7.65 43 5 80

e South Korea 8.57 36 17 593

Total N/A N/A 1185 35149

Source: Analysis Mason



From the above dble1.1it is cleartha mobile broadband will offer a significant
benefit to the countries’ economy. This impact is maximizedvhen the sufficient
spectrum is available to deploy quality broadband network in terms of coverage and

capacity.

1.1 Global Trend of Broadband

Mobile devices are increasingly consideradessential commodity ifife. The past
decadehasexperiencecgxponential growth iata traffic, and there's an expectation
that mobile broadband usage will continue growing. Even though the speed of increase
in subsciber numbers is slowing some niches, the number of data traffic transported
by mobile networks isexponentiallyrising, asthe growing data is consumed Iyore

subscribers on average.

Consumers ar@ow heavily accessintheir mobile devices tdhe samevariety of
services which they can get through thed internet. Driven with this expanding
usage of mobile devicest is forecasted aroun@ billion cellular broadband
connectiong3G and 4G) from the AsigPacific region by 202@Gonsumingmore than
50 0 petabytes of data eagbar.[1]

In therecentyears the prices of growth mobile broadbandhave surpassetie fixed
databroadbandn several markets, and predictions imply thmtbile data usage will
continuethe growth Globally, the amount ahobile connectiongexcludingmachine
to machineyeachecheaty 7 billion in 2014andwill continue to grow exponentially

up to2018as shown in Figuré.1 below.[1]
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Figurel.1: Forecast of mobile connectioglbbally (20142018)

Source: Analysis Mason

There are various different forecasts for how the number of mobile connections, and
the taffic generated by mobile usell grow in the future as depicted in figure 1.2 by
Cisco which suggests the same outcammch is the exponential growth in mobile

broadband connection number and volumAsia pacific region
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Figurel.2: Forecast growth in mobile connections Asia pacific region (202@18)

Source: Ciso Visual Networking Index



Inside the AsiaPacific area there are important differences in the market and financial
standing of nations, as shownTiable 1.2.These gaps have determined howbile
broadbandhave grown in different markets and, specificalhg speed of migration
from 2G to 3G/4G along with also the quantities of spectrum which are thejrigyed

for broadband (and 4€&pecifically)

Tablel.2: Key demographic and economic indicators

Population (million) Population density GDP per capita (USD)
(people per km?)

Australia 24 3 67 468
China 1356 145 6807
Hong Kong 7 6845 28124
India 1256 421 1499
South Korea o1 516 25977
Singapore 8 7713 55182

Source: Amlysis Mason, World Bank, EIU

These inherent factors have influenced the uptake and utilizatimolofe services,
leading to a variety of traffic and subscriber volumes and within their prediction
development. The developed AsRacific markets vih GDP per capita of over USD
25,000 have anobile penetration of over 100 percent and subscriber growth is now
slowing down. By comparison, in China and India, penetration prices are predicted to

continue to rise quickly in CAGRs of 4®and 6.3% respectivel{l]

when mdile data traffic is considered there igd#ference in the rates of growth
between most advanced AsRacific economieand emerging economieshe high
populations in China and Indigggether withsignificant investment in their still
devebping mobile industrieswill result a higher traffic origination. lis expected to
reach 14,700 and 1800 petabytes respectively in 20¥dso when we consider the
developed economies the traffic growth will be slower due to the device satukation.
is expected to grovbetween 31% and 38% between 2014 and 2019. THepisted

in the figure 1.3 below[1]
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Figure 1.3. Traffic growth rate comparison between developing and developed
countries

Source: Analys Mason

1.2 Broadband Statusin Sri Lanka

Telecommunication industry reforms in Sri Lanka started in 1980 using tlvekae

of governmenbwned postand telecommunications providers. After that, the industry
experiencedrasticchanges together witdl the restructuring and partial privatization

of this stateowned incumbent operator; allowing market entrance in the mobile
telecom market; competition from the wireless local loop (WLL) section of the fixed
marketplace; and the constitution of a fimember regulatory commission with its
own finance and also comparatively more viable liberty than a normal government
division in Sri Lanka. These policy initiatives, at least up into the late 1990s,
represented a commitment on the part of policy makepa@ompetitive reforms,
together with Sri Lanka's telecommunication industry being viewed among the more
spacious among developing nations in the Asia Pacific area, with a massive potential

for expansion.

With the conclusion of the civil war in 2009 Srahka entered postconflict stage.
There were positive indications of an overall improvement in the nation's social and

financial weltbeing from 2013/2014. And, although facing challenges, the telecom



industry in particular was beginning émtera new @velopment stage. The generally
Improving economy environment has witnessed the nation's telecom industry nicely
positioned for continuingexponential growth. The modern and innovative
telecommunications business is definitely high on the list of prisrite additional
growth and development. The government was encouraging such initiatives since the
e-Sri Lanka job. In addition, it has established the National Broadband Consultative
Committee (NBCC), a special committee made to accelerate and encderagedss

to low costhigh speed broadband internet in the nation.

In the meantime, the nation's mobile phone services have continued on a positive
growth path. As a powerful and efficient alternative to the filkeel networks, the
mobiletelephonquickly turned into a popular and essential support. The nation's five
competing mobile operators Dialog Axiata, Mobitel, Etisalat Sri Lanka and
Hutchison Lanka and Bharti Airtel Lanka competes in an extremely competitive

market.

In 2007, theMobitel and Dialg launched its 3.5G HSPA networkthe frst 3.5G
network in South Asia which other mobile operators also followed the main two
operators. TheMobitel and Dialogbegan their rollout in 2013 frodG LTE service
deploying theirlatest wireless network teablogy thatenabledthe most advanced
mobile broadbandexperience to its customerghis was only followed by Huteh
Etisalat merger equity recently on June 2019 where still Airtel has not been able to
launch the advanced 4G technology due the lack of speckurthermore, irR016
Mobiteland Dialogsuccessfullyaunchedt.5G LTEAdvancedechnology capable of
achieving speeds exceeding 1Gbps yet again for the first time in South Asia keeping
ahead withpeers in the regiorin 2018 Mobitel and Dialog weredhe first to launch
Sub1G Mobile Broadbandetwork byusinglow band900MHz spectrum in Sri Lanka

giving largerbroadbangenetratn specially in the rural segment

Mobitel and Dialog publicly revealed Sri Lankditst 5G deploymentover 3.5GHz
Spectrumband. This 5G demonstrated showcased the use of MIkGhnologyby

using64x64 MIMO configuration with commercially accessiblkger equipment.

In Sri Lanka, the mobile broadband is currently playing a very significant role in

driving digital divide and eamomic growth throughout the country. The amount of



mobile subscribers hascreasedrom 5.4 million in 2007 roughly 26.0 million in 2017
(reaching 126% unique subscriber penetration), at an averagyg yerease rate of
10% Total mobile industry earngs were $947 million in 2017, edua 1.1%o0f Sri
Lankan GDP. Mobile operators donated approximately $298 million of direct
economic valuéo Sri Lanka in 2017 (0.4%f GDP), while also encouraging a wider
mobile ecosystem which hamobile content develogrs,mobileretail and distribution
chain.[2]

SUMMARY OF MOBILE MARKET

Sri Lankan mobile operators generated $947m in revenue in 2017
and contributed $298m of direct economic value (circa 0.4%) to
SriLankan GDP

Fifth largest mobile market in South Asia by revenue

26 milllen connections at Q4 2017
Equivalent to 126% total subscriber penetration
2022 forecast: 29 million, at a 5-year CAGR™ of 1.7%

15 milllon unigue subscribers at Q4 2017
Equivalent to 72% unigue subscriber penatration
2022 forecast: 16 million, at a 5-year CAGR of 1.2%

BREAKDOWN OF TOTAL CONNECTIONS

69% 3G and 4G penetration (connections) at Q4 2017
2022 forecast: 122%, at a 5-year CAGR of 12.2%

51% smartphone penetration at Q4 2017
2022 forecast: 69%, at a 5-year CAGR of 6.5%

90% prepaid connections compared to total in Q4 2017
U U
O

Figurel1.4: Mobile Industry statistics, Sri Lanka
Source: GSMA Intelligence, EY analysis

Furthermore, when it comes to broadband in Sri Lanka there is groigth rate seen

in the mobile broadband in comparison to the fixed wireless business. This trend
follows the global trend where people want internet on the go in mobility. With the
smart phone adoption and the stiff competition in the mobile marketawesee a

tremendous growth rate in the mobile broadband.
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Source: TRCSL

This rapid expansion was facilitated by investment imibeileindustryin Sri Lanka

using GSM and broadbangopulationcoverage expansion plams a mainstream
driver butwhilst the coverage penetration is laygfeere’'s still substantial room foew
broadband technology adoption. 49% of the population still does not owrara sm
phone and only around 10% is using 4G technology as at Q4 2017 though the 4G
technology is being available from 20T8is lack of adoption a§martphones plays

major hurdle irhighdemand drive network expansiof]

However,though there is a higtlemand and drive in the mobile networks and market
a significant portion is still not connectambroadbandUniquesubscribepenetration

in Sri Lankais favorably high in compared its South Asian allies, howevennly
40% of subscriberss connectedo broadbandn Sri Lanka, which implieshere is a

high potential for broadband growth as depicted in the figur§2].6
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Figure1.6: Mobile Broadbandpenetration Asian countries, 2017
Source: GSMA Intellignce

1.3 Importance of SpectrumManagementfor Broadband growth

Spectrum is a scarce resource necessary for supplying wireless broadcasting and
telecommunication solutions. Spectrum mission and usage is connected with
significant social and financial traebffs which have to be cautiously considered.
From a technical standpoint, wireless spectrum, generally referred to in
telecommunications asspectrurt), is the section of the electromagnetic spectrum
whose frequenciesgaries from3Hz into 3000 GHzange.Furthermore, frequency
range from 300 MHz to 3 GHz, is ideal for telecommunicationservices This
spectrumBandwidth increases with greater frequenciest with low coverage
Therefore, higher frequencies are more acceptabldenseregions that neetigh

speeds whereas lower frequencies are more suitablecéverage requiremerfor

policy purposesas fewer base stationsedto givedeployin any certain area. [3]
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Figurel.7: Electromagnetic Spectruportfolio
Source: ITU (2011), Telecommunication Regulation Handbook

In an economic standpoirgpectrumis a scarce source in any certain time or place,
which means that only a limited quantity of spectrum may be utilized. It castthtes)
instead ofmany other rare resources like oil or minerals, and it can't be transported,
though, at least in concept, it may tibeded provided that the rights of usage can be
transferred As spectrum is employed for its delivery of solutions which are deemed
necessy, public authoritieshave an inherent obligation to ensure itigized in the

most effective way.Only efficient managementan strike a balance involving
licensing procedures andonditions (spectrum pricg in addition to coverage,
requirementand QOS obligationslinked to the spectrum, together witharket
competitionHence managemeistvital for optimizing the usage of the spectrum, both

economically and socially.
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1.4 Research Problem

In this thesis | have examinel how the spectrum shoulde managed to foster the
growth inmobile broadbandn Sri Lanka Sri Lankahaslargepotential fa growth in
mobile broadbandnarket Majority of the broadbandusersare using mobile phones

as the majority medium to connect.

Sri Lankan government acknowliges the potential difroadbandn advancing fiscal
accessibility, improvingnformation and increasing productivity in treconomy It
has launched significant flagshgsogramslike Digital Sri Lanka along with Smart
Cities such asPort City’ which heavily rely onbroadbandnfrastructure. Sri Lanka,
however, should boost iBoadbandnfrastructure andgts spectrunpolicy to achieve
the vision of digital Sri LankaWhile spectrum availability is a worldwide challenge
faced with marketst is seriousn Sri Lankaas a developing countréiven the critical
role of the telecommunications business in Sri Lankalsre vision solving these

challenges is essential for economic development and social addition.

Sri Lankahashigh levels of 3G (90%) andiG coverage (69%goverage availability
from the operator side butill the broadband penetration anly 40% of the total

population.We need to find the reasons for this significant gap.

The currentframeworkfor Spectrum Policyegulationfor Mobile Broadbandn Sri
Lankais elementaryand outdated in relation to the telecommunications environment
today. There is no specific policy frame work for Mobile broadband spectrum

management.

Hence,a detailedstudy and analysisshould bedone tofoster the growth in the
telecommunicationmndscapgpromoting investment and innovation in the provision

of broadbandservices, and empowering consumergxperience quality product

11



1.50bjectives

In this study, it is expected to identify any shortfalls in Sri Lari@adband spectrum
policy stance and legislation. There by attention of policy and legislation setting parties
can be directed to areas which need to be addressed in future amendments.

1 Obtaining an in depth knowledge spectrumpolicy setting and regulatory
studies.

1 Analyzing current Sri Lankan legislation giving focus to mobile broadband
spectrum management and studying Sri Lankan government policies

1 Examining broadband spectrum mgaeent policy frame works from
around the world.
Identified pros and cons on the current policy frame work.
The final outcome of the full research will be to recommend a suitable policy
framework for Sri Lanka in order to achieve the above identifiedtepian

long term goals.

1.6 Scope

Research will be cover following;

1 Analysis of existingspectrum managemewhich cover broadband plans,
policies and initiatives of Sri Lanka

1 Analysis and review of successful case studidg@fdband spectrum
policiesof developed countries in the literature survey
Collect data from broadband services providers
Collect data from TRCSL
Identify spectruminitiativesfor broadband promotion and development
which have been taken by broadband operators and government.

1 Carrying out an environmental scanning based on the collected data in order
to identify issues which operators face in taking above initiatives
Provide recommendations to overcome above issues.

Identify and propose set spectrum policie$o suit Sri Larka

12



2. ANALYSIS ON STRUCTURE OF THE POLICY
FRAMEWORK

2.1Policy Formulation

2.1.1 What is policy?

Policy is acourse of action, pursued anchleraced by an entity a person. Policy
includes vision, goals, principle and plans that guide the activities of differgigspa

It will provide a framework for choices, which makes the process cohéteinties

exist for countries, governments, businesses, organizations, social groups, families and

even forindividuals

A policy would provide a entity or person in terms dheir goals with instructions

and help to identify thecurrent status of achieving that objective. It will offer a
framework for choices. As there's consistency and recognized goal, acquiring a policy
would make it a lot easier to define the activitiasdods the target and above all, keep
them intact without changing during the course of time. It is going to always ease

advancement, since gap between supreme goal and status is clear.

Policies can be written or written. Written policies in general magapip rules and
regulations. Unwritten policies could be reflected in customs and traditions. They'll be
revealed from the choices made by and emphasized in expectancy, principles in

addition to understandings.

2.1.2 Framework for public policy making

Public plicy shouldaddress an entire country, a nation or the society as a whole.
Therefore government will beesponsible for public policy making most of times. It

helps towards establishing the rules which governs the state and society.

When formulating poty, the initial and most crucial step is to identify megatrend, in
terms of space and time, of the specific se@olicy could be made to align with this

once megatrend is recognized. Policy can be made contrary to the tendency, but
nevertheless, it cabe difficult and need radical changes. Irder to identify the

megatrendPESTtool can be used as follows in figure 2.1
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Figure2.1: PEST Analysis

Source: Author

When formulating public policy, notions froseveral diverse parties have to be
gathered. A think tank has to be shaped including representation from each possible
partof the current society. Representation from entire society is vital to address most
of the problems fairly and equalfynd to elimnate bad motivedn any case, effect of
policy involving every category of society could be best recognized by members of
the society. The tank will iron out extremes and also invent the most acceptable

alternative. This procedure can be shown as follivars Figure 2.2.

Professionals, Academics, ) TH I N K

Government workers, NGOs, Civi

societies, Politica! parties, =tc. TA N K

Different kinds of input
from various groups

Figure2.2: Policy making process

Source: Author
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2.1.3 Phases of policy making process

=

Monitoring & ;
: Agenda Settin
Evaluation g ng
Implementation Formulation &
& Enforcement Enactment

i s ot

Figure2.3: Policy making stages

Source: Author

Public policy making is a cyclical processs illustrated as irmboveFigure 2.3 for
every stage identified altertie solutions and, in measunesavers have to be assessed
in enactment antbrmula period. By consideringniplications of eachlternativecan
the best policy decision can be derivEthally, these suggestions have tglssed to

the braach or agency of government inder tocreatdaws and the regulations.

At the implementation stage, the government body will prepare the activity plan. Based
on that action program, enactment of mandatory laws and regulations can be carried
out at suitable moment. Once imposed, poliagplicationand effects are monitored

and assessed, which will cause additional alterations and progress.

2.1.4 Broadband Spectrum Rolicy

Spectrum management policy have been the topic of reform and distussr the
past decade and this agile behav®dikely to continue in the future. Spectrum
management practices have been firmly diverging femministrative approach is
now changinginto a greater reliance on market mechanisirhg newapproach is the
most widespread in thglobeof licensing and spectrum assignment in which the use
of auctions and flexible spectrum authorizatiofso service and technology flexible

licensesare becaning more common.
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Good Spectrum policy can aid the authorities and National Regulatory Authority by
leading the development and acceptance, after extensive stakeholder input and
consultations, of governing spectrum use, its licensing, spectrsis) emd rdarming.
Policies are essential for decisions to be made thereby lowering the danger of market
and regulatory collapse. Spectrum policies include declarations on regulatory

leadership for the following:

1 Spectrum should be allocated to theximum value usexto ensure maximum
benefits to society

1 Mechanisms should be put in placealtow and encourage spectrumghbift
to its highest value use

1 Greater access to spectrum will be facilitated when the usevibstcost and
flexible approach ischosen in achieving spectrum management goals and
objectives

1 Regulators need to promotaoth certainty and flexibility for investment
attraction

1 Tradeoffthe cost of interference with the benefitgafnedirom highspectrum

utilization.

Harmonized spectra usage with international and regional allocations and standards

will reap additional benefitsancerning access and economies of scale

2.2Mobile Broadband Spectrum Policy The ITU Framework

International spectrum management geverned by the radd division of the
InternationalTelecommunications Union (ITURadio division of the International
Telecommunications Union (ITUEach thre¢o four years’ cycles, telecom regulators
from all corners of the world converieom the ITU's World Radiecommunication

Conference (WRC) to talk and agree about 'Radio Regulations'.

This critical process Enables governments to createe mpectrum \ailable for
services that are undergoing consumer need. As an instance, one of the best agenda
items at WRC 2015 was toromotemore spectrum to meet up together with the

rocketing demand for broadband.
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The ITU divides the world into three areas, which each has its Own set of frequency
allocations as part of theiRadio Regulations'. This is achieved so as to manage

spectrum and promote harmonizatianass large areas of the world.

The world divides ira three areas from the ITU, which each has its Particular set of
frequency allocations as part of th&tadio Regulations'. This market harmonization
and make simple to manage the spectrum whilst aligning with the social and economic
developments goals megional level.

Region 1: Europe, the Middle East, Africa, Russia and Mongolia;
Region 2: The Americas including Greenland and some of the Eastern Pacific
Islands; and

1 Region 3: AsiaPacific including most of Oceania.

We canfind a rumber of regional classes that aim to induce Ltargh progress in
telecommunications providers. Frarspectrum Standpoint, they supply a forum for
regulators work with one another to make sure The changes occur and to organize their

range policies.

\ # 7 A
:’ @ ,« A

Asia Pacific Telecommunity - Arab Spectrum Management Group - African Telecom Union -
which covers the Asia-Pacific which covers the Arab states in the Middle which covers all of the
region. East and North Africa. administrations
on the African continent.

- o
A |
X
‘ g ' rd
European Conference of Postal and Inter-American Tel ications i Ci h in the Field of
T ications A inistrations Commission (CITEL) - Communications (RCC) -

(CEPT) - which covers which covers the Russian
comprising 48 member the Americas and the Caribbean. Commonwealth of Independent States,
administrations including all of the EU as well as the Baltic states which have
countries, Russia and Turkey. observer status.

Figure2.4: Regional spectrum management authorities
Source: GSMA
From the ITU framework there are 3 main broad approaichspectrum allocation

and management as follows,
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1. The administrativetrategyThe process in which a regulator has total management,
like choosing whichoperators are assigned spectrum and it's used. The assignment
process That's most common is that the beauty competition where their support is
summarized by firms and the ruler chooses the one witlBés¢Socioeconomic
Advantages

2. Marketbasedstrategyutilizes the marketplace to determine the supply of spectrum.
Spectrum is thought to be a private advantage so licenses are generally sold in auction
and can, in principle, be exchanged or rented out by their owners later to guarantee
market forces aatinue to ensure that spectrum istdbuted and used efficiently.

3. The spectrum commons approach: Unlicensed range or liegas#t, this version
enables anyone to use a specific band without prior permission so long as the
transmission technologiesdhere to specific rules occasionatlylled ‘politeness
protocols’ which handle interference.

The reality is that regulators normally adopt strategies that are distinct for different
applications. For example, most retain overall direction, permitting tbepmotect
public interest providers (e.g. emergerssrvices) but a great deal of regulators
featuresmarket forces (especially for mobile services), allow some permit holders to
exchange their own selection, and allow strartge radio technology, foxample

Wi-Fi or Bluetooth, to be wholly unlicensed.

Globally is a significant transitiomappening between the legacy model of a liberalized
version and spectrum management. It's advised that countries considering wireless
broadband masterplans should adopt and manage them. This means a use model with
mechanics that allocate spectrum withitlvery best use anspectruntrading rights.

This is depicted ifrigure 2.5[5]
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Figure2.5: ITU Transition to market based liberalized spectrum management models

Source: Windsor Place Consulting, 2010

ITU GlobalSymposium for Regulatodrafted a set dfest practice tips for spectrum
management to market broadband access. This set of guidelines continues the tradition
of best practices agreed to at Thel&&onventions in 2003 and 2004 mromotion of
universal accessibility, and low Cost broadband solutions respectvelynmary of

the 2005GSR Guidelines are set out aseference poinin Table 21. [6]
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Table2.1: ITU Spectrum guidelines

Guideline objectives Key Provisions
* Reduce unnecessary restrichions on spectrim use
1 Facilitate the deployment of innovative * Adopt harmonized frequency plans defined by ITU-R recommendations
broadband services and technologies * Reduce or remove regulatory barriers to market entry

* Ensure operators have access to as wide a choice as possible for spectrum
* Consult widely and publicly

* Implement stable decision making processes

2 Promote transparent and nondiscriminatory | = Publish forecasts of spectrum usage and allocation needs

spectrum management policies * Publish frequency allocation plans and overview of assigned spectrum

* Clearly define and implement stable and predictable spectrum
authorization rules and decision-making processes and procedures

* Facilitate spectrim use for fixed and mobile services

3 Embrace technology neutrality « Provide guidelines to mitigate inter-operator interference

= Adapt to technological convergence and avoid picking winners

= Avoid cnerous rollout and coverage obligations

* License conditions that allow operators to provide a full range of
converged services

4 Adopt flexible use measures for wireless * Provide incentives for smaller new operators to deploy infrastructore at
broadband services low cost

= Adopt lighter regulation for rural and 1solated areas

* Allow secondary spectrum trading

* Promote spectrum sharing

= Bet reasonable spectrum fees

5 LR O S * Design tender or auction proceszes to ensure affordability of services

* Facilitate the effective and timely access to spectrum
3] Optimize spectrum availability = Spectrum pricing should not be pushed up due to restrictive supply
* Accommodate new and emerging technologies

* Ensure reliance on market forces, economic incentives and technical
M. - innovation

! A8€ 71 efficiently * Allocate spectrum in an economically efficient manner

* Promote and encourage usage of spectrum efficient technologies

* Prevent spectrum hoarding: regulators should set a maximum limit to the
amount of spectrum one operator may obtain

= Reflect global technical and security standards in national arrangements
g harmonize regional and international + Ensure inter-operability for global roaming

standards and practices * Implement policies and allocations that are consistent with regional and
global best practice and standards

* Introduce supporting regulatory measures such as competitive
safeguards, open access and universal service incentives

* Lower or remove import duties on broadband wireless access

10 Adopt a broad approach to promote access equipment

* Coordinate spectrum management policy and practice with other
regulatory instruments (i.e. competition and trade policy, uaiversal
service measufes ete.)

SourcelTU, GSR 2005 Best Practice Guidelines for Spectrum Managietme

Promote Broadband Accgsvww.itu.int/bestpractices

8 Ensure a level playing field

2.3Mobile Broadband Spectrum Policy Regional Initiatives

There argegional initiativesn relation to spectrum and ICT pa&s which frame the
debate in¢rms of wireless bratband services dependimn a country's membership

of aregional organization. Regional groupings include the Association of Southeast
Asian Natimms (ASEAN) in South East Asia antle South Asian Association for
Regional Cooperation (SAARC) in South Asia
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2.3.1 ASEAN 2020ICT Masterplan

The masterplansia broad, overarching polidgsamework that is intended to guide

ASEAN Member State ICT development during the next five years.pohey has

guidance for ay wireless broadband prograembraced by the member wtries

within the context of this ICT mixture argdrive for consistency.

Table2.2: ASEAN Master plan 202(

Action Point
Harmonize
Telecommunication
Regulations — Develop
Guidelines for ASEAN
Spectrum Regulatory

Cooperation

Description

Recognizing the potential for cross
border spectrum conflict in light of new
technologies such as unlicensed and
dynamic spectrum allocation, this aims to
develop a guideline, based on best
practices, for managing such

developments regionally

Target/Project

1.Promote spectrum management
harmonization in ASEAN (e.g. 700 MHz
band, International Mobile
Telecommunications (IMT)

and related next versions)

2. Study spectrum usage for newly
emerging technologies and strengthen
cross-border spectrum management and

coordmation

Source: ASEAN master plan 202QT in theASEAN single market

2.3.2 SAARC ICT Initiative

The SAARC Action Plan aims at addressing the technical problems and challenges of

common conern to its members which arise as a result of market dynamics,

technological progress, and innovations within the field of information and

communications in order to exploit their whole potential for the benefit of utilizing the

expertise and financial regrces accessible from within its member nations.

The two working groups of theSATRC worked very efficiently and developed the

outcomes as planned in a timely manfiéy.

1. Working Group Policy, Regulation and Servicesto deal with the issues

related to plicy, regulation and service development of Telecommunication

and ICT sector in the region

21




2. Working Group on Spectrum: to deal with the issues related to spectrum

management, monitoring, sharing and coordinated efficient use of spectrum

for different serwie in the region
Table2.3: SATRG19 final policy

sl.
. Activities Methodology Work Items Remarks
o
1. |Working Working Group chaired by India. . Assessment of current | One fellowship will be
Group . . _ practices in spectrum [ granted for each SATRC
Spectrum Afghar-nstan a-nd Is-Iarnlc R.EpLIth of ;nana;ge!'nent and Member for attending
Iran will provide Vice-Chairmen. At eveloping spectrum Working Group Meeting.
least one expert from each SATRC roadmap
Country. -
. Spectrum re-farming
One physical meeting per year.
Electronic meetings will be organized
monthly/bi-monthly basis. . Spectrum
considerations for the
Working Group will define the scope deployment of |oT
of each work item and expected
outputs in defined time frame
Sl .
. Activities Methodology Work Items Remarks
o
2. |Capacity Three workshops will be organized. . Workshop on policy, Two fellowships for each
Building The topics would be related to the regulation and service | SATRC Member will be

activities of the SATRC Working Group
and recent trends. Consultation will be
conducted in order the select the

themes for the workshops.

related issues

. Workshop on Spectrum

. Workshop on recent

trend and technologies

granted.

One of the Workshops will
be funded by the Extra
Budgetary Contributions
by the Government of
Japan.

Source:19th Meeting of the South Amn Telecommunication Regulato@ouncil
(SATRCG19) 13- 15 De@mber 2018, Islamabad, Pakistan
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2.4Mobile Broadband Spectrum Policy GSMA Framework

The GSMA has a similar land scape for Mobile broadbgpectrum management

policy as discusseth thelTU and regional regulator$t has three main pillars. [8]

1. Spectrum Planning
2. Spectrum Management
3. Spectrum Licensing

SPECTRUM SPECTRUM

MANAGEMENT

PLANNING

SPECTRUM
LICENSING

Band plan

izati rum efficien
harmonization Spectrum efficiency

Auctions and cost of
access

Minimize Cross-border

. Spectrum Sharin
interference P 9

License obligations

Spectrum road map Spectrum Trading

Technology Neutrality

Figure2.6: GSMA Spectrum Management Ryl lands scape

Source:Spectrum Management Trends & Challengdse Guan, Spectrum Policy &

Regulatory Affairs Advisor, Asia Pacific, GSMA

2.4.1 Spectrum Planning
Spectrum Planning has 3 dimensions.

1. Band Plan Harmonization
2. Cross border Interference

3. SpectrumRoadmap

2.4.1.1Band Plan Harmonization

Spectrum harmonization refers to the uniform allocation of radio frequency bands,

under common technical and regulatory regimes, across entire re§yitiverence to

internationally identified spectrum bands offers manyaatizges:
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1 Lower costs for consumerDevice manufacturers can mge®duce devices
and network equipment’s that function in multiple countries on a single band.
1 Availability of a wider portfolio of devices, driven by a larger, international
market.
Roamingability

Fewer issues crossborder interference.

A recent case of these issues, triggerechbystrategy of several device makers, is that
the inability of consumers in several Asian and European states to utilize LTE services
on the iPhone.Because for some devices, the iPhone's LTE connectivity doesn't
compatiblefor the 800 MHz and 2.6 GHz bands whiaked for LTE in several
Europea nations. Additionally, Apple @ manufactured three different iPhone
models, whichmakes carrier switchingand worldvide roaming harder. Othenain
device manufacturers made a different decision and affirmed the 2.6 GHz and
Europear800 MHz harmonized bands for LTE and takes the advantage of scale

Even though brand new wireless technologies, like LTE, permit a moriblédex
utilization of their various spectrum bands, in contrast t@285technologies, which
prevent spectrum fragmentation, the importancespéctrum harmonization is
significant. As stated by the GSMA's Wireless Intelligence, by 2015 there'll be 200
LTE networks, deployed over 38 various spectrum frequency mixes. Device
interoperability issues will be raised by this and might lead to spectrum fragmentation.
It might decrease the benefits of economies of scale and increase equipment costs,
which might led to eneusers in some specific regions being excluded in the most

recent developments in wireless technologies.

Governments who align utilization of the spectrum together with group plans prevent
interferenceand will attain the best benefits for custameAt the very least,
harmonization oépectrum bandm the regional level is essential. Tiny variations on
bandup plans may lead to device manufacturers needing to deviglopostdevices

with impact the consumers

All markets should harmonize regially wherever possible, since this benefits the

whole telecomecosystem. There is no benefit in going it alone. Cognitive radio
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technology won't reduce the need for harmonized spectrum. Adhering to
internationally recognized bamdans is the only methad economies of scale.

2.4.1.2Cross Border Interference

Because radio communication services have the capacity to create transmissions that
extend beyond national boundaries, global coordination is needed to mentace
support and avoid interference. Thi®ection is accomplished through bilateral and
multilateral treaties and agreemem#hen the ew radio communication solutions are
manufactured, negotiations with countries that are affected are necessary to develop
the agreement#fter the agreement isinishedradio communication service will be
subject to the procedures in the agreement to be able to shield their ssgyidos and

avoid interference.

Furthermore, whethe bandharmonization is achieved it'll minimize the cross border
interference déct. Considering the rapid pace of the higher requirement for wireless
technologies at the border region economibgre should be close relationship
between nations tminimize the interference levélThroughout the many cros®rder
regional groupshauld have close negotiations with spectrdeploymeni@approaches

with its neighbors to market effectigpectrunmanagement.

2.4.1.3Spectrum Road Map

A spectrum roadmap ipivotal to ensure there isufficient spectrum to meethe
surgingdemand for mobildroadiand. It enables theogernmentto forecast future
trends and handle its work andks. It also boosts the confidence in the investors on
industry with certainty regarding the government allocation plans amagement of

wireless spectrum and maximize tiexenues for government.
Key themes for a spectrum roadmap is as follows,

1 Identifies thechallenges and opportunities to radio spectrum management
framework and approach, at least 8 years into the future
1 recognizefuture technological trends and deng, and assess their impact on

spectrum policy and planning
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1 Aroadmap is aevolving document, to be reviewed and updated regularly

(annual review is recommended)

Furthermorethere are some key challengkatshould be addressahendeveloping
a speatum road map

1 What spectrum will be available and wheho planthe spectrunfor
operatorsvhich reed to invest nedan-long term to meeexponentiagrowing
broadbanalemand (this shoulshclude aboutoverage & capacity bands,
existing and future bands)

1 Regulatorypositions- e.g. allocation methodologies, renewal procedure,
projects and program

1 Licensingprocess e.g. refarming, resurce pricing, spectrum sharing and
trading

1 Harmonized future spectrunTo reducedevice andequipment costs, limit

interference and enable roaming

2.4.2 Spectrum Management

This area is divided in to 3 main parts as follows,

1. Spectrum Efficiency
2. Spectrum Sharing
3. Spectrum Trading

2.4.2.1Spectrum Efficiency

Spectral effiencydenotes the data rate that can be transmitted over aiokindn a
communication system. It is a measure of how effectivelljmited frequency
spectrum can be utilized from the physical layer protocol, and at times from the media

access control (the channel access protocol).

Measuring howwell the spectrum isused is vital to measurihe term efficiency
Efficiency has two dimensions asaupancy and datatesbut we fail to account for

certain critical aspects mostly associated withgpectrunvalue created (e.g. public
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safetyandemergenc)y. Neverthelessneasuring periodically how spectrum is being
used (e.g. number of consumers, intensity of usage, data rates, data transported,
investment) provides a reasonable picture of béwiently the spectrum is utilized
especially when compared among playeragisimilar groups credited to identical or
similar services. There are no standard methods to meapactrum efficiency
thoroughlybut several indicators have to be quantified and normalized, taking into
account the specific characteristics of each marke

Additionally, the nature of the spectrum blocks plays a major role in spectrum
efficiency. The fragmented spectrum bloeksnot spectrum efficient in comparison
with the continuous spectrum blocks.

Furthermore, Wwen we are evolving to higher broadbaethnologies, Spectrum
efficiency increases significantly. Hence it is recommended to always allow new

technologies to use the spectrum so thaspgeetrum efficiency is maximized

2.4.2.2SpectrumSharing

Spectrum sharing is just another policy which couldease spectrum efficiency
usage. In principlespectrum sharing meamsultiple wireless systemsvhich can
operate simultaneously in tleame frequency band, without causing interference to
other users, throughith one of the sharing dimensio(tsne, disance or geography)

Spectrum sharing cdre administrative, technical or markedsed.

According to a European study (Werbach and Mehta, 2014), the average occupancy
rate for a dedicatedpectrum band was below 10% of the allocated capadégnce

there's gnificantspacedo increase the utilizatiorAs concerns over spectrigarcity
spectrunsharing might well become tlstandardas it increases supply and provides
increased access to scarce spectrum resourc8haring enables,a process of
continuousspectrunreallocation, such as even reallocatioriferent services, like
broadcasting and data. Obviously, if well implemented, sharing reduces waste and

boostsspectrum efficiency

One of the principal criticisms of spectrum sharing is that the limita of managing
interference between different users. This is the main reason why spectrum has

traditionally been licensed for private usage. It's frequently noted that, absent usage
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principles, sharing can lead to theagedy of the commons”, wherehycreasing the
number of users results in a low&OS for everyone. However, technological
improvements (e.g. cognitive radios, which are designed to be able to use several
spectrum channely regulation (e.g. principles ofetiquette” and caperative
appoaches that govern ordinange) and economic incentives (penalties anding)

are helping to alleviate most of the existing concerns. A long road lies ahead, but
sharing promises to address the requirement for greater spectrum for broadband

services.
There are a variety of forms of spectrum sharing including:

1. Licensed Common Accessibility: A suggested sharing strategy which allows the
permit holder to voluntarily offer access to spectrum which has been underused in
somespecific places or at particular times. The principal advantage is that availability
could be guaranteed hence supplying guaranteed QOS. As operators normally don't
have unused spectrum in crowded areas where data traffic is growing fastest, the
source ofthis shared spectrum could normally be from anotirevider (e.g. the

army). But to be prosperous, the range has to be available at the ideal time and location,

for the correct price, and for a period thatrrants community investnt.

2. Licenseeexempt Range: Frequency rings which may be used by numerous users
provided that in the tech meetsegorized ‘politeness protocols' to lessen disturbance.

On the other hand, the resulting providarsbesteffort since there's not any limit on

the amount BWi-Fi networks userg any 1 area, which could lead to unpredictable
congestion and, thus, pequality providers. This implies cellular operators normally

simply use licensexempt spectrum to matchetir private licensed spectrum.

3. TV white distanceSuch solutions face challenges as a consequence of potential
interference, security areas which are small, no quality of support, limited spectrum
availability and device service. Furthermore, air travel service operators must use their
spectrum efficietly to remove white space, and free up spectrum That Could be
utilized for federal broad cellular LTE broadband options, with exceptional and

In construction coverage

4. Shared licensed Range: A method in which a couple of cellular Operators may

discuss their wireless spectrum. This sharing could be consented to unite Their own
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coverage and capability, or as a condition of the licensing process. Howeser,
approach may negatively impact market competition and provided service Solutions
which won'tbe distinguished and may dissuade network investment.

2.4.2.3SpectrumTrading
Spectum trading facilitate license holders to move theispectrumuse rights In

consequence, this implies thiaenseholders using mexcess of spectrum may benefit
from shifting to people who don't possess enowggectrum Trades don't igire
substantial involvement so long as the licensgtfeemenaren‘tviolatedanddoes not
reducethe marketcompetitivenessTrading generates a method of spectmision
which adjusts d changes in demand and, most importantly, can make sure that
spectrum doesnfall short

Many nations have adopted policies for leasing and spectrum trading for a means
giving a fiscal incentive to talk about their spectrum smetdease spectrum utiligan.

EU, USA have enabledpectrumtrading. But only Australia and New Zealand has
enabled this from the south Asian regidihile these policies don't replace the
necessity to spectrushortage in the growing broadband demdndan behelpful

way forwad in some specific situations where incumbent consumers are hesitant to
talk about theispectrum(e.g. from theJnited Kingdomthat the Ministry of Defense

has suggested both leasing and selling its a few of its spectrum)

All these policies suggest trsfierring the rights of usage (as well as tloense
obligations), either temporarily or permanently (until the expiration osfeetrum
licensg and are filled with regulatory and economic hurdles. Administrative processes
are lengthy and complex, regtibry approval is generally required, and incentives for
current holders are low as a resulspéctrum shortageither because spectrum may

be worth more in the future or as they might need it for future growth).
2.4.3 Spectrum Licensing
Spectrum licensingds 3 main broad areas as follows,

1. Auctions and cost of Access
2. License obligations

3. Technology neutrality
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2.4.3.1Auctions and Cost of Access

This Is the most widely method of assigning spectrum licenses for mobile operators.
Well-designed auctions are a means for authorities to assign spectrum to the business
which values it most ighly, and generates financial incentivies them to use it
efficiently.

However,thereare other mission approaches which may be appropriate in market
circumstances. By means of example, embarking in an auction procedure may be
unnecessary if the biddeare wholly understood and there is sufficient spectrum to
satisfy their demands. In such circumstances, administrative approaches, like a beauty
competition, may be more effective.

Auctions Are more appropriate approach when there is sufficient cormpetiben
demand exceeds supply. In the mobile sector, regulators can Find an insight from the

following in an auction scenario,

1 The quantity and spectrum bands to be auctioned (e.g. is there sufficient
spectrum for mobile broadband solutions and istérnationally
harmonized?)

The expected demandrfthe spectrum out of consumers
The level of competition expeed for the available spectrum

License spectrum worth.

Regulators Place a'reserve price' to be able to guarantee a minimum sum is paid at the
spectrum auction. This reserve price should underline the-sooitomic worth of

this spectrum, promote it to be utilized efficiently and offer decent ROI into thee stat

Putting A suitable reserve price is complex, but is crucial. When set too low, it may
boost lively bidding, an inadequate fiscal return to the country and responsibilities in
which the winner has little incentive to utilize it efficiently. When set bagp the
purchase price will discourage participation leading to restricted spectrum uptake as
well as unsold spectrum, thus squandering a preciowgnrand resource. In the last

few decades, many auctions have contributed to spectrum being unsolsebeaidiis
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such as sk GHz spectrum that operators appreciate most tremendously because
those very low frequencyalnds give exceptional coverage.

When Operators are made to cover high reservation prices, this restricts the amount
they are able to Purcka the networks which could result in lower quality and more

expensive Options for consumers

The process in depicted in following figure 2.7

Modelling:

Calculates the value based on the
predicted revenues of the services
minus costs, although it can be difficult
to calculate this accurately.

Benchmarking:

Opportunity cost:
Assumes that the cost of purchasing
a specific spectrum band should
be less than the alternative method
of delivering the same capabilities.

Uses the results of similar auctions
in other markets to estimate the
expected value of the spectrum.

However, it is only valid when

comparisons are made with
very similar markets that have
auctioned the same kind of
spectrum. Unfortunately these
like-for-like comparisons are often
difficult to find, making the use of
benchmarking problematic.

For example, a new licence will
give a mobile operator a specific
amount of additional network
coverage and capacity which
could also be achieved by other
means. For example, by deploying
a certain number of additional base

stations, the costs can be accurately
calculated.

Figure2.7: Spectrum valuation process

Source:GSMA

2.4.3.2License Obligation

Regulators usuly specify obligationswith the spectrum licensavith most frequent

following points

ServicesVs frequency land (e.g. only mobile services)

Technologiesvs frequency hnd (e.g. GSM, UMTS, LTE or technology
neutral)

QOS targets

Coverage obligations (e.g. 90% population coverafiels will be mandatory
in coverage spectrubmands (i.e. st GHz)

1 Thetime periodof the license (e.g. 20 years).
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All these Conditions and terms will make sure services are guarded and meet specific
quality standards. As an example, if license holders might unexpectedly change the
sort of service functioning in the group (e.g. with a selivice to broadcasting) then
improper levels of national and worldwide hindrance could be generated along with
the crucial spectrum harmonizani process will be interrupted.

A Spectrum permit is generally valid for a particular duration. When this has

deciphered the regulator decides if to maintain the current requirements or change
them and may then award it into the existing license holder or to another party. The
period of the renewal and permit requirements might have a massive influence on the

caliber, in addition tole coverage of mobile networks.

By Awarding permits for more time period no less than 15 to 20 decades, authorities
can market top quality alternatives, and bring substantial network investment. This
gives time to understand that a retary yield to operators. In case the permit period

is brief, operators are discouraged to spend more because their accessibility of

spectrumn the future is not guaranteed.

When The whole period of the permit has elapsed, police can make unique changes
involving if the license remains available for mobile use or any different wireless
provider, how big frequency group it applies to, the terms surrounding its usage, the

length the permitas well as the annual fee etc.

As A number of the 2G spectrumediases which are first are due for renewal, that can
be This may ultimately interrupt Makes and services network investment insecure. To
Have the Ability to Prevent this outcome, Authorities are advised to employ a more
transparent and predictable stratégfhere necessary that the process should start a

Couple of Years prior to the permit

2.4.3.3Technology Neutral
Spectrum licensing can be too prescriptive and limit the chance for license holders to
innovate and, as a result, limit the chance for end consumer. For exampleyfrifany

original mobile licenses were issued for a particular technology, for example 2G

technology such as CDMA or GSM, which operators aren't permitted to alter.
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This usually means that 2€annotbe upgraded to faster 3G or 4G technologies that
add vitd added information capacity to mobile networks, giving users faster mobile
broadband solutions. This process of changing the technology, knowfieamieg,

is critical because 2G bands typically utilize low frequencies that would provide
broadband covage widely in rural and #building situations

This didn't matter when technology and markets changed gradBallgervices have
undergone rapid technology innovation and market change regulation has often not
kept upthe correct speedith these changesnd this has imposed costs on consumers
and industry.Eg: Obligation in3G technology could blocknaearly opportunity to
deploy technically more efficient LTE technology.

In response authorities are currentgnverting spectrum license &gchnology
neutral' which enablethe license holder totransmit any technology that is nen
interfering. In practice, this means regulators specify that licenses must be used for
particular servicesBroadcasting, cellular, satellite) but doréstrictthe underlying

technologies that need to be used for the service.

As a consequence, there is now a trend around the world towards issuing flexible,
technology neutral licenses that allow operators to choose when new technologies and
service innovations should be introédc For example, all spectrum licenses for
mobile services in Australia and the US are technology neutral. In Europe regulators
are expected to liberalize the use of technology specifiic2@sesand new licenses

are expected to be technology flexibleilsthmeeting the least restrictive technical

conditions specified in European harmonization measures.

Therefore there's currently a trend towards issuiftgxible, technology neutral
licenses thiaenable operators to select thew technology and servigecording to

the market demandVhen we compare the globall spectrum licenses for cellular
services in Australia and the US are technology neutrahdEurgpe regulators are

in the process of making all licenses technology neutral which fosters the innovation.

This is depicted in figure 2.8

33



1983

The problem

Non-standardised mobile systems
resulting in:

* High equipment prices

+ High retail prices

* Low penetration, below 3% of
population

+ Lack of roaming
+ Lack of competition

—>

1986

The solution
Mandated GSM standard
resulting in

+ Rapidly falling equipment prices
and low retail prices

« Near 100% penetration
* International roaming
+ Intense competition

+ Econorries of scale to foster
development of next generation
technology

—>

2002

Next generation technology
evolution-3G and 4G

The evolution of GSM to 3G and
later 4G LTE makes the mobile
internet possible.

= Better spectral efficiency
= Optimised for data

2004

The problem

The mandated GSM standard

became a legal barrier to the

deployment of new technology:

= Wide geographic 3G coverage
with 2100 MHz uneconomic

= Spectral efficiency not
maximised

v 2006

The solution

Amend GSM and 3G licences to

be technology neutral, resulting

in:

+ Refaming 900 MHz lo 3G and
later 4G

* Wide geographic coverage

+ Refaming 1800 MHz to 4G LTE

« Improved user experience and
lower data prices

+ Maximised spectral efficiency

2018

Next generation technology
evolution - 5G

5G mobile has the potential to

deliver great socio-economic

benefits

Wider radio channels

Better spectral efficiency

New frequency bands

« Caters for high traffic density
and high speeds

+ Low latency and ultra-reliable
New applications and massive
loT

—

2019

A potential problem

Without harmonisation, 5G

roll-outs will be slow

* The socio-economic benefits of
5G would be slow to materialise

« Lack of rcaming

2019

The solution
De-facto (not de-jure) mandate

use 3.4-3.8 GHz for 5G, but allow
further evolution;

= Speed up availability of 5G
Quicker technology diffusion
The frequency band will be
available in most 5G devices
5G roaming

Maximisation of spectral
efficiency

Figure2.8: Regulating mobile technology use in European union

Source:Coleago consulting
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2.5Reviewof Mobile Broadband Spectrum Standardsin Sri Lanka

Telecommunications services in Sri Lankare governed by the Sri Lanka
Telecommunications ActNo. 25 of 1991 as amended by the Sri Lanka
Telecommunicatios Amendment Act No.2of 1996 by the TRCSL9]

Currently TRCSL does not have a broadband spectrum policy frameanwdtirough
the literature surveyollowing key pointsare foundin the spectrum management

domain.

1 Spectrum is managed as to make it as widely availablessiye and to optimize the
efficient use of radio spectrum that include radio systems which consume low power,
minimize interference to other systems and do not require additional protection from
other users

1 Spectrum license conditions are developed s &mable the economic potential of
the radio spectrum to be maximized as highest extent possible where technology
neutral licensing are adopted as much as practicable and reduce regulatory barriers to
radio frequency access

1 Create a conducive environméatpromote competition among the industry players
in order to ensure innovative and efficient use of the radio spectrum and promote
economic and social benefits for all spectrum users

1 Appropriate spectrum engineering tools and techniques are utilizedstweethe
efficient and effective assignment of radio spectrum

1 An appropriate rdarming is adopted in circumstances where there is a justified
requirement to rdarm the use of particular frequency band to another service
deployment

9 Spectrum charges aretérmined to recover the direct & indirect costs incurred in
managing the radio spectrum and in a manner which will enable efficient use of this
scarce national resource and optimum pricing of spectrum is adopted to discourage
wastage or speculative acqtign of spectrum

1 Adequate spectrum provision is provided to support emergency telecommunications
services in the case of a national emergency or in the case of natural disasters

1 Reserve appropriate spectrum for future innovative technologies and emergency

services
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3. LITERATURE SURVEY ON EXISTING MOBILE
BROADBAND SPECTRUM POLICIES

More efficient use of spectrum can sometimes be reached by relaxing regulatory
limitations on the way. Limitations on the investing of spectrum, the sharing of
spectrum or the seioe or technology deployed could block activities by operators to
improve the spectrumefficiency. Even though there can be prices to creating
modifications, spectrum managemeagularitiesin North America, Europe and Asia
Pacific nations have all procded to adopt more liberal approachssollows,

Re-farm spectrum to new technologwghout any cost
Spectrum sharing between operators
Sharing spectrum held by other services

Spectrum trading and leasing

= =2 =4 4 -

Technology neutrality

Spectrum rdarming of 2Gspectrum is a key trend that has been largely operator
driven in several markets. Spectrum in tB&NHz, 900MHz and 1800MHz bands is
proving to be quite useful for 3G and 4G setup, to complement 3G coverage provided
using low bands(e.g.900/85(MHz) and b supply extra 4G capacity (e.g. with the
18002100MHz band). There's considerable market interest-fam@ing 1800MHz
spectrum to be used by LTE platforms, also 1800MHz remains the most popular band
for 4G/LTE deployment globally, ahead of other balilds700/800MHz and 2.6GHz.

Even though there are many reasonsnfobile operatorso migrate customers from

2G networks, it should be noted it is difficult for operators to turn 2G networks off
entirely. 2G networks continue to be important in severdbnga and the speed of
migration away from 2G is determined by loocadrket conditions2G networks are
crucial for some types of use EgI2M, for example. Inthe AsiaPacific region, the

rate of migration away from 2G has been very fast in some coultgiedapan,
Singapore and South Koreat in different countries 2G networks account for nearly

all mobile connections, and are often seen as being crucial to appeal for certain services

like voice, and to accommodate international roaminghis thesis haveanalyzel
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three countrieqIndia, China and Indonesian their broadband spectrum policy

initiativeswhich complemented the mobile broadband growth.

3.1India

India, has darge population of over 1.2 billiomwith the lowest GDP per at USD500.
As shown in Figure3.1 India has a low ICT rank on the region which is due to the
factors internationddroadbandandwidth of 5Mbit/s per internet user, with 12.6% of

the population using the internét]

Area (km?) 3287 590

Population (million) 1256

Population density (people per kmz) 421.1

GDP (USD billion) 1877

GDP/per capita (USD) 1499

Human Development Index 0.596 (135'“ out of 187)
Labour force (million) 493

Relative size of employment sectors
(agriculturefindustryfservices}au

ICT Indicators

51.1/22.4/26.6

ICT Development Index (2012) 212 (12‘1St of 157)
Broadband
, , 9%
connections penetration 2013
Broadband connections penetration o
2020 44%
A broadband connections penetration 359%

(2013-2020) (percentage point)

Figure3.1: India country profile
Source:Analysis Mason, World Bank, EIU 2014

The Indian mobile market i€normous which contairs 13 network operators

competing for market share, many of whom only hold spectrum in one frequency band



as shown in Figurd.2 Current LTE roHouts are limited to those of Aircel and Bharti
Airtel in the 2.3GHz band due to a lack of suitable spectrum availability.

Operator Technologies Spectrum holdings

Aircel 2G, 3G, 4G 900MHz, 1800MHz, 2100MHz, 2.3GHz
BSNL 2G, 3G 800MHz, 900MHz, 2100MHz

Bharti Airtel 2G, 3G, 4G 900MHz, 1800MHz, 2100MHz, 2.3GHz
Idea 2G, 3G 900MHz, 1800MHz, 2100MHz

Loop 2G 900MHz

MTNL 2G, 3G 900MHz, 1800MHz, 2100MHz
Quadrant 2G 800MHz, 1800MHz

RCOM 2G, 3G 900MHz, 1800MHz, 2100MHz

RJIL 4G 1800MHz, 2.3GHz

SSTL 2G, 3G 800MHz

Tata 2G, 3G 800MHz, 1800MHz, 2100MHz

Uninor 2G 1800MHz

Videocon 2G 1800MHz

Vodafene 2G, 3G 900MHz, 1800MHz, 2100MHz

Figure3.2: Mobile operators and technologies

SourceAnalysis Masao

Although mobile broadbandgrowth is increasing quickly (in a CAGR of 23,
broadbandpenetration remains low in%, expected to rise to % in 2018.
Nevertheless, mobile broadband connections overtook fixed broadband in 2012 and
the slower growth rate dixed broadband CAGR of 1246) signifies that thegapis

increasing|1]

3.1.1 Spectrum policy and predictions

National Telecom Policy published by DoT in 2012 suggested a number of activities
regarding spectrum release to mobile in order to encoutagé broalband The

policy said the need to create a full of 300MHz available for IMT services by 2020 by
a further 200MHz plus 2017. Specifically, it includes proposals to make available
sufficient globally harmonized IMT range in the 450MHz, 700MHz, 1800MHz,
191MMHz, 2.1GHz, 2.3GHz, 2.5GHz and 3.5GHz bands, as well as some other bands

to be identified by ITU for commercial mobile servicgl.
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The National Telecom Policy 20Ehvisionsa central role for mobile communications
andrural broadband enhancement ancluded following key points in the vision as,

1 Periodic auditwill be carried out fospectrum use and every five years a
spectrunroadmap will be prepared
1 More spectrum will be made available for broadb&@@) MHz of spectrum
will be made available faiMT services by 2017 and a further 200 MHz by
2020
Spectrum use will be liberalized in terms of the technology and service
Spectrum pooling, sharing and later trading will be permitted through the
development of an appropriate regulatory framework
1 Use d white spaces by low power devices will be considered and bands that
may be used by low power devices on a license exempt basis will be
identified.
The Indian government has moved to approve spectrum skarthgradingamong
mobile operators.Operatorswho have underutilized capacity will be allowed to
shardtradeit with other companiesAs anexamge, if an operator is not usirgbme
of its spectrum, it cabe leased foperiod of five years for a fee. This will help firms
dealwith fragmentedspectrum holdings and therefore lead to faster speedshagtu

QOS This decision will help improvepectrunmanagement.

3.1.2 Challenges in the Spectrum policy

India requires more spectrum to take advantage of new possibilities for social and
economic improvemeniWith demands for mobile technology expected to rise in
future deades, it is imperative that more spectrum should be releaseddansion

of broadband.

With so many opportunities available imass marker likéndia, there are some key
challenges in spextm managemerapproaches.
1. Lack of available spectrum

Spectrum waailability is a big problem because there areufficient bands for the
growing mobile demands in IndigAs shown in tables 3.1 and 3.Phe access to

licensed spectrum in India is much lowesmpared to the U.S. and Europe, and also
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significantly lower than other developing nations such as Brazil and China. It is
particularly acute in India while spectrum availability is a problem that is bigger.

Table3.1: Summary of total licensed spectrum in various countries

Country Current Pipeline Hz/

Subscriber
USA 608 55 21
Australia 478 230 228
Brazil 554 0 2.0
China 227 360 0.5
France 555 50 9.3
Germany 615 0 6.2
Italy 540 20 5.9
Japan 500 10 33
Spain 540 60 11.8
UK 353 265 79
India 221 10 (estimate) 0.2

Sourcelnternational data FCC (2013), Indian dataCOAI (2015)

Table3.2: Spectrum wailability in commonly deployed bands

Band Europe USA India
900 MHz 70 64 12.4
1800 MHz 150 130 97.6
223 GHz 120 90 60

2.6 GHz 1980 194 20

800 MHz 60 70 275
Total 590 548 217.5

SourceFCC and DoT India

One measure of spectrum capacity in aintoy is the amount of spectruper
subscrber. As Table 3.lhighlights, Inda has very low capacity at 0.8z per

subscriber compared to the other giants

2. High Access Cost

Critics have reported thégpectrum pricgin India is among the greatest the region.

The spectrunpricing runs about25 times more expensive compared to countries like
U.S., France, Singapore, Germany, Spain and Swedypetatorscomplain that
spectrum is scarce, fragmented, overpriced, and rigid. By having permits which
operate only for 20years government policies induceperatorsinto costly
infrastructure investments without adequate time to reaR@ie While low tariffs

and higher usage reflect high custorsarplus the price structure from the Indian

telecom industry predicts that thesengawill probably be shorterm With greater
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congestion and restricted spectrum capacity, there's very likely to be a severe decrease
in quality of broadband services

3. Fragmented and Inflexible Usage

Spectrum's quality is a problem becassme spectrum bandse reserved for spiéic
applicationsMobile operators’ complaint that spectrum is underutilized abhdcause

it is occupied by the Defense MinistrWwhen government agenciefieredon unused
spectrum, it creates an artificial shortage for businesses that want to innogdate an
squeezes the spectrum that is available for consumer and commercial applications.
This keeps prices high for the remaining spectrum. There are some reassuring
statements from the Telecom Ministry at January 2015 on swapping spectrum away

from Defense focommercialuse.

Furthermorethe present spectrum has been allocated at a manner that was inflexible
and fragmentedsome allocations were done by auctions witH'liberalized"model|
while others have been assigned administratively '{indiberalized mode) with

very little flexibility in terms ofthetechnology or service.

The government doesn't require the adoption of any technology that is particular and
is technology agnostic. But in a few cases, the government decides uses for bands and
it's had for firms to adapt to new demands or new solutions. They must operate within
the confines of present policies, and this has limited their options. Consumers end up

with merchandise and options which lag the market.

4. Auction Outcomes

Spectrum auctions haved to price and accessibility problems. In 2008, the 2G
spectrum awards generated significant political dispute and legal actions. After
analyzing the government's decisions, the India Supreme Court condemned them as
"arbitrary”, "unconstitutional," andillegal" Critics saybecausehe 2G licenses were
offered at below market prices that billions in potential earnings wergoldstlian

government

India's previous experience with spectrum market has frequently revealed that the
authorities washortsghted on short termevenuemaximization. It was at the cost of

long term healthy development of the business and possibly long run earnings
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maximization for the authorities through greater tax earnings by a flourishing telecom
industry. High reservespectum price formobile operatorsind jointly with elevated
levels of competition from the industry will inevitably impact consumer surplus
negatively in the long term. It would lead to lamnovationwithin the industry and

poor quality ofservice

3.2China

China has the highest population and biggest labor fevitk;an areaof 9.7 million
square kilometerst has a relatively low population dgity (as shown in Figure 3.3)
andwith a GDP per capita below USDI@00.[1]

There arghree wireless operatons China— China Mobile, China Unicom and China
Telecom-and each operator provides 2G, 3G and 4G services to their customers using
a range of technologiezs shown in Figure 3.Zhough it is a one of largest country

in the world it has a high internet eration around 50% and it is expected to grow

to 90% in 2020 which suggests China should have a strooegdband policy[1]

Area (km?) 9.7 million
Population (million) 1360
Population density (people per kmz) 140
Economy
GDP (USD billion) 9200
GDP/per capita (USD) 6800
Human Development Index 0.719 (91St out of 187)
Labour force (million) 800

Relative size of employment sectors
(agriculture/industry/services)

ICT Indicators
ICT Development Index (2012) 4.18 {'/E!“1 of 157)

Broadband
connections penetration 2013

36.7/28.7/36.4

[
[=1]

50%
Broadband connections penetration

2020

A broadband connections penetration
(2013- (percentage point)

93%

43%

Figure3.3: China country profile

SourceAnalysis Mason, World Bank, EIU, ITU024



Operator Technology Launch date Spectrum used

GSM—GPRS— EDGE 1997 900/1800MHz
TD-SCDMA 2009 2000MHz
China Mobile 1900MHz
TD-LTE 2013 2300MHz
2600MHz
CDMA— CDMA2000 2002 800MHz
1xEV-DO Rev A 2009 1900MHz
China Telecom 1xEV-DO Rev B 2009 850/2100MHz
TD-LTE 2014 2600MHz
GSM—GPRS 1995 900MHz
China Unicom W-CDMA— HSPA+— DC-HSPA 2009 2100MHz
TD-LTE 2014 2600MHz

Figure3.4: Mobile operators and technologies

SourceAnalysis Mason

3.2.1 Spectrum policy and predictions

In China 3G spectrum concessions had been allocated in January 2009, letting the
launching of broaddindservicesafter that year. 4G services were established® i 2

with TDD-LTE technologies which iaitilizing time-division duplex (TDD) in
unpaired spectrum as opposed to frequatigision duplex (FDD) as primarily
everywhere. Both cellular broadbardvices and smartphongenetrationhave
increased significantly in their 2009 degree of 35.5 million to 483.1 million in 2013,
and anticipated to continue to rise to 854.7 million in 2018, at which stage there'll be

3.5 times as manyobile broadband connéions as static broadband connectiday.

China's spectrum policy is targeted at constructing a further one billion mobile towers
to boost broadband capacity fdense urban and townas well as rural villages.
Operatorsvho come up with good plans ftiis rural segmention't have to spend
money on the spectrum. For example, for 3G spectrum, further reductions to annual
spectrum fees have been granted, provided coverage rollout targets are met by

licensees.

Furthermore China Mobile and China Unicom ahsted on the Hong Kong Stock
Exchange, and both hawesignificantforeign strategigartnershipBut the Chinese

government did not try to exploit them and get financial benéfissead, over the past
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two decades their spectrum policy has been camijsin accordance with the
government's strategic decision to prioritize investment in -tengy federal

infrastructure and the associated ldegm economic benefits over shoerm revenue

production from the authorities via spectrtaas

Because of t# government strategic visipthe Chinesemobile operatorshave
achieved 99.5% populaticcoveragein aland area of 9.5 million squareldmeters
and coverage ofillageswith a population of 20 or more. Oxtleird of mobilerevenue
is coming fromdata r@enue.

Regardless of theignificant usage of Wki in Ching there is a requirement for
additional spectrum. ITdbrecast a total of 57690MHz is going to be demanded for
IMT servicesby 2015 and 1490-1810MHz by 2020 This highlights there isan
increasenf 93-213MHz and 101:31333MHz from the 477MHz currently available in
2015 and 2020 respectivelyhe government iglsoconsidering spectrum from within
both the lband and &and for TBDLTE allocation to meet future demand for mobile
broadband.

3.3Indonesia

For Indonesia the industry must secure access to spectrum bands that are essential.
Internet access remains an integral barrier for taxpayers' full participation in the digital
society of the country. While 3G (at 900 MHz) has been effective in expahdsig

mobile broadband to the unconnected, the technology will not be able to cope with the
substantial traffic growth anticipated within the next 10 years. Mobile network
operators are using 1800 MHz spectrum for 4G rollout, but allocating the 700 MHz
band quickly and in sufficient volume would encourage their efforts to expand
coverage, despite the challenges, and help lessen the prevailing digital divide. Mobile
broadband penetration is comparatively high in the Asian region. It contains 52%
penetratiorin the area and has over 100% penetration into the market and there are 6

mobile operators in Indonesis depicted in figurg10]
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OPERATOR SUBCRIBER § RADIO ACCESS NETWORK J TECHNOLOGY

\WDTELKOMSEL [ 115,140,245 || 850/90011800/2100 (52,5 MHz) || 26/3G/4G |

wabomireoneen (56 o - - - -
50.846.707 850/900/1800/2100 MHz (40 MHz) 2G/3G/AG
j;L ama?a | 45.000.000 H;omsoo/zgo MHz (457MHz) I ?GI3GI4G _\
@ [ 25.102.343 | [ 1800/2100 MHz (20 MHz) || 2G/3G/4G
Q’smartﬁ; | 2.433.84ﬁ\ 850/2300 MHz (30 MHz) || 26136146 |
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Figure3.5: Indonesia Mobile operators and Spectrum @846

Source:Ministry of Communication and Information Technolpgydonesia

Indonesian mobile market shows a healthy trend in terms of revenue and new

technology adoption.

Revenue (IDR tn)/- zo;::_c;;zo Customer (mn SIM)

L5.1% o 5 2 324 343 359 372 384 395 404 412
127
- /
99 M E Y 3 & @ - -
3 B3% /
Data P4 71%)
78% 3
B3% /
3G
SMS P 24 232302 ® ,// ’
Voice [&] 5453 M so W10 lso @ N
Ll P 15% e
- i »
Year 13 16 17 18 19 20 2013 2014 2015 2016 2017 2018 2019 2020

Figure3.6: Indonesia Revenue and Technologyntie

Source:Ministry of Communication and Information Technolodiydonesia

We can see the voice aB##ISare now in the saturation status and the data is growing
in the exponentiamanner. Also the customers are quickly adopting to the higher

technology whih shows positive trengtl0]

One factor for this healthy trend is the spectrum pricing. Indonesia has a very low

spectrum pricing compared to the Asian countrigss attracts the investment for
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telecom industry and the benefit of low cost of the spettisi passed to the end

Fig5 Price of 2100MHz auctions across ASEAN Fig 6 Price of other spectrum auctions across ASEAN
S/pop/MHz Sipop/MHz
100 7 093 350 319
020 3.00
0.30
0.70 2.50
0.60 2.00
0.50
0.40 150 113
0.30 1.00
0.20 0.49
0.10 0-50 0.19
Singapore Malaysia Indonesia Malaysia Singapore Thailand Singapore Thailand Thailand Indonesia (Axis
2001 2003 2006 2006 2010 2012 acquisition)
WUSS/pop | MHz WUSS/pop / MHz

Fig 7 Previous 2100MHz spectrum auctions around ASEAN

Total allocation Total price Price/5MHz

Country (MHz) Year (USSmn) (USS mn) Population USS / pop / MHz

Singapore 15 2001 578 193 4,138,000 093

Malaysia 15 2003 39.5 132 24,890,000 0.11

[ Indonesia 15 2006 113.2 377 228,000,000 003 ]

Malaysia 5 2006 14.6 146 26,330,000 0.11

Singapore 5 2010 143 143 5,077,000 0.56

Thailand 45 2012 13429 149.2 66,790,000 0.45

Currency exchange based on time of auction

Source: Company data, Macquarie Research, October 2016 17

Figure3.7: Spectrum prices for ASEAN countries

Source: Macquarie research, 2016

Fig 2 ’ Est. spectrum price based on 2100MHz auction comps across ASEAN

USSmn
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ARPU across ASEAN as of mid-2016
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EARPU (USS/month)

Source: Company data, Macquarie Research, October 2016

Figure3.8 : Spectrum prices Vs ARPU f&'SEAN countries

Source: Macquarie research, 2016
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Another success story is that the spectrum is released in time for the new technology
adoption.On June 2015The Minister of ICT in Indonesia stipulatedsaectrum
strategical [an foryear 2015 t®019.The spectrungoalwas achieveth 2019which
supplied 350 MHz of spectrum for mobile broadband. This target is planned to
gradually achieved in cumulativgproach[10]

2015

The target s : £150) (VI

20 MHz 2016 S50 (\Vilzl2

(5:7% 0of 350 MHz)  Tpe target is :

‘ 105 MHz 2017

(30% of 350 MHz)  The target is

Achieved : 175 MHz 2018

165 MHz : “ (50% of 350 MHz) The target is :

+ 15 MHz (900 MHz)  Achieved : 245 MHz 2019

+ 160 MHz (1800MHz) 494 MHz : (70% 0f 350 MH2)  The targetis :
+ 10 MHz (450 MHz) 350 MHz

+ 16 MHz (2300 MHz) (100% of 350 MHz)

Figure3.9: Spectrum Road map Vs achesl Targets
Source:Ministry of Communication and Information Technolgdiydonesia
Indonesia is trying their best to release spectrum for broadband. With the introduction

of LTE there are many bands released for the deployment and some are on the pipe
line for future deployment.

M

4G SPECTRUM AVAILABLE IN
INDONESIA

|900| | 1800 | | 2100 | MHz

v v v Y

SPECTRUM
REDEPLOYMENT

Off should first wait for the
new Broadcasting Act.

1. Current condition : used by . The new entrant . Current condition : most of
Analog TV. compensate existing the band is used for
2. Future plan : APT 700 Band SR CEED Broadcasting Satellite Service
lan for Mobile Broadband - The compensation (BSS) to provide Pay-TV
Plan for Mobile Broadban can be calculated as P _y
and PPDR an obligation of the . Future plan : Mobile
3. Constraint : Analog Switch auction winner, Broadband

. The auction winner
can not directly uses
the band.

T~

. Constraint : Reallocating BSS

and migrating end user
equipment.

Ministry of Communication and Information Technology (MCIT ) Republic of Indonesia - www.postel.go.id

Figure3.10: LTE spectrum availability in spectrum bands in Indonesia

Source Ministry of Communication and Information Technolodiydonesia
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Another key milestone achieved by thedlonesian government is that they have
increase the spectrum efficiency by spectrum rearrangement to make it continuous so
that the fragmented spectrum is effectively utilized. They performed this activity for
both 1.8 GHz and 2.1GHz spectrum band8]

75MHz  5MHz 7.5 MHz 15 MHz 5 MHz 15 MHz 10 MHz 10 MHz

Sl TSEL XL TSEL ISAT m H3I

22.5 MHz 10 MHz @20 MHz 22.5 MHz

Figure3.11: Spectrum realignment fd'800 MHzcontinuous operation

SourceMinistry of Communication and Information Technolodydonesia

Sebelum Penataan Menyeluruh

- - - -

AXIS AXIS
1920MHz (UL) (UL) 1980MHz
2110MHz (DL)

- (DL) 2170MHz
Setelah Penataan Menyeluruh
022600202202 O O 202004

1920MHz (UL) (UL) 1980MHz
2110MHz (DL) (DL) 2170MHz

Figure3.12: Spectrum realignment fo2100 MHzcontinuous operation

Source:Ministry of Communication and Information Technolodiydonesia

Spectrum neutrality is algotroduced in Indonesia where the operators are encouraged

to innovate and bring the latest technologytte market with minimum barriers.
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450 MHz

450 -457.5// 460 — 467.5 MHZ  w

Since 2016, the operator who had the tso
License is allowed to implement any kind AN
of technology to provide cellular services A

2300 MHz-—— .

2300 - 2390 MHz

- Band 2300 — 2330 MHz is going to be
auctioned in near future for mobile
broadband

- Band 2330 - 2360 MHz is the new
assigned band for reallocated
PCS1900 (the migration took 2 years
to be completed : 2014 — 2016).

- Band 2360 — 2390 MHz is still licensed
only for IMT BWA (only for fixed /
nomadic, not mobile uses). In the
process of operators consolidation in
order to implement
Service Neutrality.

2100 MHZ

1920 - 1980 // 2110 — 2170 MHz

2100 MHz Band is already regulated as one of
the bands to implement Technology Neutrality in
this year (2017)

- Band 1970 — 1980 // 2160 — 2170 MHz is going to
be auctioned in near future for mobile broadband.

+800 MHz

824 — 835 // 869 — 880 MHz
Since 2014, the operators who had the
License

are allowed to implement any kind of
technalogy to provide cellular services
To optimize, a refarming process was
first conducted in this band. It took 2
years to be completed : 2014 — 2016.

»900 MHz

880 -915//925 - 960 MHz

Cellular Operators in this Band are
allowed to implement Technology
Neutrality since 2012, 2014 and 2015.

1800 MHz

1710 - 1785 // 1805 — 1880 MHz

Cellular Operators in this Band are
allowed to implement Technaology
Neutrality since 2015. However, in order
to have a contiguous block for each
Operatar, in 2015 there was a refarming
process between those Operators in this
Band.

Figure3.13: Spectrum Neutrality in Spectrum Bands, Indonesia

Source:Ministry of Communication and Information Technolodiydonesia

Also the regulatory body is encourag the spectrum sharing poliay the rural and

moderate business potential areas.

\ SPECTRUM SHARING POLICY

Areas with high business \ = Areas with moderate
potential 3 business potential
Heavy competition | = Competition between CSPs

betw.e e Cafts | = Partial control of network
Service and performance assets

differentiation needed \ \ J

Full control of own network \
assets \

= Base method for network | \ /

\_ consolidation Active RAN

Sharing

/

|||Il|! \
Passive RAN /
Site Based Sharing >

Figure3.14: Spectrum Sharing policy

= Areas with low business

-
\

potential

= Possibly regulatory

coverage requirements |

Roaming Based
Sharing

Source Ministry of Communication and Information Technolodiydonesia
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3.4 Spectrum Polcy Comparison

Table3.3: Spectrum Policy Comparison

Band plan harmonization Spectrum efficiency Auctions and cost of access
India— Good India— Good India— Poor
China— Good China— Good China— Average

Indonesia- Good Indonesia- Good Indonesia- Good
Cross-border interference Spectrum Sharing Licenseobligations
India— Good India— Good India— Average
China— Good China— Average China—- Good
Indonesia- Good Indonesia- Good Indonesia- Good
Spectrum road map Spectrum Trading Technology Neutrality
India— Average India— Good India— Good
China— Good China— Average China—- Good
Indonesia- Good Indonesia- Good Indonesia- Good

Saurce: Author
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4. METHODOLOGY

There should be a clear mechanism to gather the information required for any kind of
policy framework. In this research projedt, was requiredto consider few
subcategories as mentioned in the earlier chapters. Thedirg is to identify the

most suitablespectrum policy initiativeso assist the exponential broadband growth.
Then the second subcategory isafaply those in the Sri Lankan market context and
analyze the pros and cons.

4.1 Research Methodology
Research ia process of collecting, analyzing and interpreting information to answer
guestions.Data Collection is an important aspect of any type of research study.
Inaccurate data collection can impact the results of a study and ultimately lead to
invalid results.A formal data collection process is necessary as it ensures that data
gathered are both defined and accurate and that subsequent decisions based on
arguments embodied in the findings are vaBénerallythere are three types of data

collection and theyre;

1. Surveys: Standardized papmndpencil or phone gquestionnaires that ask

predetermined questions.

2. Interviews: Structured or unstructured @meone directed conversations with

key individuals or leaders in a community.

3. Focus groups: Structura@derviews with small groups of like individuals using
standardized questions, follewmp questions, and exploration of other topics that arise

to better understand participants

It was chosen the first method to gather the data for the res€éhecimethod involved
in survey data collectioare any of a number of ways in which data can
be collectedfor astatistical surveyThe important factors to be considdrin this kind

of surveys are;

1. Selecting a correct sample of resource persons to give the set of questions

2. Define the correct set of questions
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After gathering all the required dattajs possible to analyze them and come to a
conclusion.Finally, | include those results to the proposed policy framework and

finalize it with clear procedures.

4.2 Selectthe Resource Persont Producethe Setof Questions
It is very important to select amect set of resource persons to produce the predefined
set of questionsTherefore,l took every possible action to choose them by covering
the almost all part of the mobile telecommunication industry. The sample of resource

persons can be categorizedaortwo major groups.

1. Professionals from the mobile telecommunication industry

2. Professionals from the broadband equipment vendors
Summary of the sample group can be shown by the following table.

Table4.1: Surwey sample

Company/ Institute Type of business
Mobitel (Pvt) Ltd Operator
Dialog Axiata PLC Operator
Hutch Etisalat LankgPvt) Ltd Operator
Bharati Airtel Lanka Operator
TRCSL Regulator
Huawei Technologies lka Co.,(Pvt) Ltd Equipment vendor
ZTE Lanka (Pvt) Ltd Equipment vendor

Source: Author
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4.3 Define the Setof Questions

A set of questions were prepared to give to above mentioned professionals to get their
ideas and that was covered the all requireddievanted to fulfill the data collection.

The set of quegins can be listed as followingrom the literature revieWhavefound

the GSMA spectrum managemt policy frame work highlights all the relevant
spectrum management techniques in the emerngilegom industriesn the South

Asian region. Hence my research will be centered on this freonk to identify the
strengthsandweaknesses in the current Sri Lankan broadband péli@ave derived

the questionnaire to address the concepts and varialtles following frame work.

During the questionnaire | have mapped the main 3 concepts and each variable in the

concepts to several questions where | can get a detail understanding on each variable

and concepts in the Sri Lankan context

SPECTRUM SPECTRUM SPECTRUM
PLANNING MANAGEMENT LICENSING
Band plan .- Auctions and cost of
L Spectrum efficiency
harmonization access
Minimize Cross-border Spectrum Sharing License obligations
interference
Spectrum road map Spectrum Trading Technology Neutrality

Figure4.1: Spectrum Policy Frame Work, GSMA

Source:Spectrum Management Trends & Challengése Guan, Spectrum Policy &
Regulatory Affairs Advisor, Asia Pacific, GSMA
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Table4.2: Survey Questionnaire for Spectrum Policy Frame, Sri Lanka

SPECTRUM
PLANNING

Band plan
harmonization

Q1

Do you thing Spectrum bands should be harmonized at international and regional levels? Pleass
the importance of tkiin the Sri Lankan context?

Q2

How cost is effected by band harmonization?

Q3

Is there any correlation to cross border interference?

Crossborder
interference

Q1

What is the impact of cross border interference?

Q2

What is the effect of this tQuality of service?

Q3

What are the steps need to take to minimize this in Sri Lanka?

Spectrum road map

Q1

Does TRCSL need to have a Spectrum Road map?

Q2

How soon this plan need to executed?

Q3

What is the importance of this?

Q4

What is tle importance of sub 1GHz frequency band in the broadband domain?

Q5

How the spectrum bands should be planned to cater the broadband coverage and capacity in th
Sub urban and Urban areas?

Q6

What other steps can be taken to increase the ambaommercially available spectrum for mobile
broadband?

Q7

How soon 5G technology should be deployed in Sri Lanka?

Q8

What are spectrum bands used for 5G now and future?

54



Q1 What should be done to encourage efficient use of spectrum by TRCSL?
Spectrum efficiency Q2 What is the advantage of having a continues spectrum for single operator?
Q3 Does the technology has a relationship with spectrum efficiency?
Q1 What is the usease for spectrum sharing?
MAS\ISECC;:;I\R/IEI\I\IAT Spectrum Sharing Q2 What do see the benefits of Licensgd Shared _Access(LSA)? . _
Q3 How to we share the spectrum assigned for different services? Eg: TV White Spacing?
Q4 What is the future in Cognitive Radio Technologies?
Q1 What are the benefits of spectrum trading?
Q2 can it use to increase the spectrum utilization?

Spectrum Tradig

Q1 Is auction the best way to release spectrum?
Auctions and cost of Q2 What is your perception about spectrum cost in.8nka?
access Q3 Do we have enough consultation with mobile operators and other stakeholders?

Q4 Does Auction need to be fair and transparent to all stakeholders?
Q1 What are the coverage targets with new spectrum?

Q2 What are the QS targets with new spectrum?

Q3 What are the new technology targets with new spectrum?

Q4 What are the conditions in the license renewal process?

Q1 Is spectrum should be free from Technology

Technology Neutrality Q2 How this effects to new tboology deployments?

Q3 How does this promote innovation in the market?

SPECTRUM
LICENSING License obligations

Source: Author
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5. RESULTS AND ANALYSIS FOR SRI LANKAN CONTEXT

The next step dhisresearch is to summarize and analyze the results obtained through
the survey and convert those data to valiaiformation.My analysis will follow the
GSMA spectrum policyrame work and where Sri Lankséands in this frame work.

5.1Spectrum Planning

As discussed earlier thigs 3 dimensions.

1. Band Plan Harmonization
2. Cross border Interference
3. Spectrum Roadmap

5.1.1 Band Plan Harmonization

Spectrum harmonization at the international level is a desired target which has the
potential to enhance economies of scale for both device manufacturing and network
deployment. This overall objective has to be put against othetrspemanagement
goals like group harmonization at the regional level, the marketing of spectrum trading
and flexibility for all players to adopt innovative technological solutions and the
security of critical government services. Additionally, it musetako consideration
constraints like interference mitigation global frequencyoodination and the uses.

This plays a critical role in allowing the utilization of spectrum resources for
communication services and in promoting spectrum performance ienpr@sfuture

spectrum groups used for those solutions.

In Sri Lanka, when we consider the 5 mobile operators we can clearly see Extended
GSM 900 band have not been harmonized in the regional level. Sri Lankan GSM 900
band (E GSM) has an overlapping inegghce with the Indian LTE 850 barieart of
Up-Link (Airtel & Mobitel) in Sri Lankan GSM900 Operation is Overlapping with
Indian LTE 850downlink Operation Because the interference happens to the uplink
of the GSM 900 Sri Lankan band the quality of seevilrops drastically. There are
numerous call drops and quality related complaints coming from the Mobitel and

Airtel customers.
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5.1.2 Cross border Interference

As discussed earlier since we have not harmonized our Extended GSM band to Indian
LTE 850 band we dgea severe interference across the sea borders of India and Sri
Lanka. Though Sri Lanka is an island we get the interference signal through the see
due to the ducting effect of the electromagnetic waves. Hence this interference has a
seasonal effeciVhenthe interference is present, it is affecting the uplink frequency
band of the Mobiteand Airtelnetwork. Therefore, it blocks the decoding of uplink
signals received by mobile phones to the tower, creating many unwanted effects to the
network. Following e some of the evident effects caused by high uplink interference.

. Voice call and Signaling session drops (TCH and SDCCH)

. SMS and SMS related application (e.g. reloads, activation) failures
. Voice quality degradation
. Poor accessibility due to inaiyl to decode signaling channels
. Handover failures
INDIA

High Impact
Low Impact

(\E‘,‘,\ F1 at 40W
Part of Up-Link (Airtel &
Mobitel) in Sri Lankan GSM900

Operation is Overlapping with
Indian LTE 850 Down Link

\ Operation /

Figure5.1: Indian Interference effect to Extended E GSM band

Source: Author
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SLCDMA 850
H
Operators
1 1
1 1
spect i BAND 8 N
pectrum ) BAND 5 - =
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Indian :
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1 ]
1 1
|
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sl

Indian CDMA/LTE Down-Link (Transmission from Towers) Spectrum is
overlapping with Sri Lankan GSM Up-Link (Transmission from Phones) Spectrum

Figure5.2: Interferene effect between Band 5 and 8

Source: Author

Existing Spectrum Allocation

T S YT

GSM Operation

Spectrum
Allocation
India

RCL RCL RCL RCL |GB | ssTL

DL-UL Overlap : 8.44 MHz

Spectrum
Allocation Sri
Lanka

Figure5.3: Spectrum allocation in Sri Lanka and India

Source: Author
During the interview of the TRCSL representative | found that the decision to go for
GSM 9® was taken during the north east war period in Sri Lanka and justified this

interference effect is severe only in the northern part of Sri Lanka. We can clearly see

the impact of not harmonization can lead to severe long term problems.
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During the interviev with Mobitel representatives | found thdtey are going to
convert the ESM 900 band to LTE 850 band which will solve the band harmonization
problem. They have received the necessary approvals to deploy L850 network and the
project is ongoing. However] didn’t get a positive response from the Airtel
representative about this solution and they are still having discussion with the TRCSL.
The final solution for this interference problem is to convert all the E GSM 900 band
to L850 so then the bands getgiomally harmonized and the interference gets

minimized.

Furthermorethere is another interference coming to Mobitel 2.1 GHz 3G frequency
bands fromDECT 6.0 cordlessphones which are supposed to use in Latin
America/lUSA/Canada etc. This cordless phoigna directly overlaps with the
Mobitel 3G uplink for two 5MHz carriers resulting a QOS problem for both voice and
data serviceslncreased RTWP (Receive Total Wideband Power) affected the 3G

customers,

1 HSUPA (High Speed Uplink Packet Access) uploadingesy slow with
higher RTWP

page loading delay, upload data rates are poor

Download speed with TCP sessions is reduced

Download sessions break and may have to restart

Higher number of call drops due to uplink loss by 3G site

Heavy call drops, call estalttisment failures, mute calls & disturbance

= =4 4 4 A -

Higher battery draining of mobile phones due to higher UE (User Equipment)

Transmit power
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| |
% 60 MHz

10 MHz 10 MHz 10 MHz 10MHz 5 MHz 15 MHz
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k—Y—)

DECT 6.0 (Latin America)

——

DECT 6.0 (USA, Canada)

10 MHz 15 MHz

The DECT 6.0 devices, operate in some
countries like Latin America, USA, Canada

Interference

etc. overlap with Mobitel 3G Uplink
spectrum

Figure5.4: Cordless interference to Mobitel 3G network

Source: Author

The problem is severe in the Colombo CBD area and some main towns couple of
districts.During the interview, it was identified that Mobitel is carrying out a special
project in Wellawatta area to locate the cordless interfered phone locations and
replacing then with free 2.4G SLT cordless phones. The initial results show some
progress but it consumes lot of time aftbrt.

Also from the interview with Dialog | found that there is an interference to Dialog 2.3
LTE GHz TDD system from Indian 2.3 GHz LTE operaReliance JioThe band 2.3

uses TDD technology to separate DL and UL. Depending on the traffic demand the
DL and UL slot interval changes. The interference is coming to Dialog because the
Indian operator and Dialog uses two different slot interval cardigpn in the 2.3 GHz

LTE band.Hence as explained earlier due to the ducting effect Indian DL can have an

interference to Dialog UL seasonally.
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Figure5.5: TDD LTE Operation
Source: 3GPP

Hence this TDD oeration should be carefully designed for 5G system because the

same interference of DL and UL can happen in the 5G systems in India and Sri Lanka.

5.1.3 Spectrum Roadmap

In the spectrum road map, the regulator must have a good spectrum strategy to cater
the demand for coverage and capacity both. Also the spectrumseelém new
technologies like 5G should start beforehand for smooth technology addfvtiem

the standards (ITU/3GGP) get finalized the spectrum should get released as soon as
possible for fast méet introduction. Eg: The 5G eMMB 3GPP standardize was

completed on November 2018

Following table shows the currently used bands for LTE broadband technologies in
Sri Lanka.Spectrum should be planned properly to cater the traffic in dense urban,
urban ad rural market. Also special attention should be given for spectrum planning

in IBS sites to minimize the PIM (Passive Inter Modulation) effect.

61



Table5.1: Broadband technologies and spectrum details in &rkéa

Operator

Operati

on

Frequency Band

Bandwidth for Operator

Total
Bandwidth
Available
in the
band

RENE
ng
Bandwid
th

Mobitel Mobile Egrt‘g 3(1800 1 57 5 MHZ(15MHz for LTE)
Dialog Mobile Egr[‘g S 25 MHz (15MHz for LTE) | 75MHz | None
HutchEtisalat | Mobile Egr[‘)c; e 15 MHz (5 MHz for LTE)
Mobitel Mobile | Band 5 (850 FDD) | 3 MHz for LTE 11 MHz None
Dialog Mobile | Band 8 ( 900 FDD)| 7.5 MHz( 3 MHz for LTE)
: : 35 MHz | *5 MHz

Hutch/Etisalat | Mobile | Band 8 ( 900 FDD)| 15 MHz ( 3 MHz for LTE)

. Band 38 (2600 160
SLT Fixed | ;D0 30MHz 190 MHz | 20
Dialog Fixed |B22nd40(2300 | 767501,

TDD)

. Band 40 (2300 el

Lanka Bell Fixed TDD) 20-25MHz

*Note: 5 MHz 900 spectrum to be released after the merger of Hutch and Etisalat.

Source: TRCSB

5.1.3.1Importance of St 1GHzBroadbandfor Sri Lanka

When we consider operator’s broadband coverage maps we can see a very high level

of population coverage percentaggployedby the operatordn Sri Lanka there are

four operators who provides mobile Broautiol coverage in Sri Lanka.

Table5.2: Mobile Operator’s Technologies and coverage penetration

Operator Mobile Broadband BB coverage
Technologies Penetration
Dialog LTE/3G 85%
Mobitel LTE/3G 80%
Hutch/Etisaht LTE/3G 60%
Airtel 3G 55%

Source:TCRSL, Interview data
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But when we consider the actual users who are connected to the internet, it shows a

very low value around 32% as follows.

Individuals using the internet (% of population) in selected
Asian countries, 2016

Maldives 501%
Bhutan 8%
sicenca | 1 |’
India 295%
scunrce | /5
Nepal 187k
Bangladesh 18.7%
pakistan 15,5

Afghanistan 1[]5%

8] 0 20 30 40 50 60 70

Source: World Development Indicators, World Bank databank

Figure5.6: Internet peetration (% Population) in selected Asian countries 2016
Source: World development indicators, World Bank databank

Hence there is a big gap between the operator’s actual coverage penetration — 85% Vs
internet penetration 32%. During interview with opators it was found that operators
invest broadband network mainly in the urban and semi urban areas and the rural
market investment is done carefully with ROI badddbile traffic in remote, rural

areas is expected to be relatively lowSn Lankadue tolow population density and

low incomesBecause of the low ROI operators have very low investment in the rural

segment.

Another key factor identified in the interviews is the absence of the sub 1GHz
broadband spectrum for operators. The operators hasn diroadband coverage
through highfrequencybands of LTE and 3G.

1 LTE-1800/2100 MHz
1 3G-2100 MHz

But thesebands are ideal for high capacity demand in the urban and semi urban

segments but not economical for rural segment because of the low coverage
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penetrationWith higher frequencies, number of required sites increase significantly
to cover indoor sers or to provide higher bit rat¢Bigure 5.7)

: Bedt agnlleee = 6dn |
= 26 dBen <= Kest agnal leve] ©76 Bom
|} B nguat lerel <véosBion

Bes dgiil{ad >=788m 7 Best agral ievel >= 764 , Best sigoat Jevel sm-ToB o P
NES #B30.<=Best signal trvel #:76 dBm: 50 dB o c=Best agal loyel £-76.4Bm. -36 dBn <= B est signal faved 76 @y
| Best agral fevit <26 ik Begt agnal levd <860z Bes ogral level <8682

Figure5.7: Frequency Vs Coverage prediction

Source: \Wdafone research 2015

Significance of Coverage vs. frequency
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Figure5.8: CAPEX/Number of sites Vs Planning frequency

Source: Ofcom research 2015

The900'850/800MHz bands are currently widely used to provide 2G voice service in
most countries’ rural areas due to the fact that they experience lower attenuation and

radio waves travel a longer distanéeom the above grapffrigure 5.8)it is evident
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that in order tacovera geographic regiowith 1 Mbps speegou need 2 times site
guantity in 1800MHz spectrum and 3 times site quantity in 2100 MHz spectrum vs
900/80/800 MHz sub 1GHz spectrum.

Figure 59 illustratesa denographicpictureof Sri Lanka.Sri Lanka has the highest
ruralpopulationin South Asia, at 81.6% .his value suggest that we need a very strong
broadband spectrum policy fasral market. This is the main reason for low broadband
penetration in Sri Lank&he crucial task for policy makers and operators is, therefore,
to provide sufficient coverage to e that broadband services are available

rural market segment

Overview of Sri Lankan demographics
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POPULATION POPULATION UNEMPLOYMENT
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Figure5.9: Overview of Sri Lankan demographics

Source: Oxford Economies database, World Bank, EY analysis

Through the interviews lolund that recently Dialog and Mobitel have plans on
deployingLTE on sub 1GHz bands by re framing GSM 900 spectrum and some
deployment projects are work in progress. Also Hutch and Etisalat merger entity has
plansto deploy Sub 1GHz LTE by combing their®8pectrum. But unfortunately
Airtel does not have any vacant Sub 1GHz band and they are waiting for any 900 MHz

spectrum release for the Hutch and Etisalat merger.

While refarming has happened most of thehigh-income countries as customers
migrate fom 2G to 3G and 4G technology, the problem is different in ASEAN and
South Asian countries with large rural populations as 2G devices will be employed by
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nearly all lowincome rural customers for voice and SMS providers and this is very

likely to last fora while. Thus the Sub 1GHz capability will be limited.

Short term repurposing of bandwidth in the 850 MHz and 900 MHz bands (a total of
less than 2x60 MHz compared to 2x60 MHz in the 2100MHz band alone) on a large
scale could, therefore, have an adversg@aich on basic services for significant
proportions of the population. Equally, offering rural broadband services over the 1.8
GHz or 2.1 GHz bands is unlikely to be economically attractive for operators. While
in principal operators might reduce the impatte-farming on 2G users by sharing
some of their spectrum below 1 GHz to jointly provide broadband services this is likely
to be difficult to achieve both in regulatory and business terms, and a simpler approach
could be for regulators to increase thaibility of additionalharmonizedsub1GHz

spectrum.

Shortterm refarming of bandwidth at the 850 MHz and 900 MHz bands on a huge
scale could, therefore, have a negative effect on fundamental services for significant
proportions of the population. Edlya offering rural broadband solutions across the
1.8 GHz or 2.1 GHz bands is not likely to be economically attractive for operators.
While in principal operators may reduce the impact garening on 2G consumers by
sharing some of thespectrunbelow1 GHz to colleavely offer broadband solutions,

is also difficult to attain both in regulatory and business terms, and a more
straightforward approach could be fBRCSL to increase the access to additional
harmonized stiGHz spectrumig: 700 MHz spectm for LTE broadband

Internet access remains a barrier for citizens' full involvement in the country's digital
society. While LTE (in 900/850 MHz) has been effective in expanding basic mobile
broadband irto therural market the technology won't have tladility to cope with

the significant traffic growth expected within the next 10 years. Mobile network
operators are using 1800 MHz spectrum for 4G rollout, but allocating the 700 MHz
band quickly and in sufficient quantity would encourage their own efforexpand
coverage, regardless of the geographical challenges, and help lessen the digital divide

that is prevailing.

The Asia Pacific Telecommunity (APT) has defined the 700Mbdzdbfor theboth
FDD - LTE andTDD - LTE as depicted in table 5.3
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Table5.3: 3GPP standardize band plans for APT00 MHz band allocation

3GPP Band Duplex Uplink Frequency Downlink Frequency
28" FDD 703 — 748 MHz 758MHz — 803MHz
a4’ TDD 703 - 803MHz 703 - 803MHz

Source: APT band plans, 2014

Typicalthe coverage is uplink limited due to the low power transmit capability in the
hand held deviceA compari®n is madebased on the uplink edge rate from dense
urban to rural envanments and the coverage radmis single site utilizing 700MHz,
800MHz, 1.8GHz, 1.9GHZ2.1GHz, and 2.6GHz depictedin Table5.4.

Table5.4: Uplink coverage simulation for different LTE frequencies

Dense Urban Urban Suburban Rural

Marph

Cell Edge User
512 256 128 64
Throughput | kbps

UL Cell Range km 0.70 1.21 3.37 8.48
Coverage Area | Km2 0.95 284 22.16 140.37
UL Cell Range | km 0.63 1.09 3.04 7.65
Coverage Area | Km2 0.78 233 18.06 114.22
ULCell Range | km 0.38 0.64 1.67 4.40
Coverage Area | Km2 0.27 0.80 5.42 37.71
UL Cell Range km 0.36 0.61 1.58 417
Coverage Area | Km2 0.25 0.72 4.87 33.84
UL Cell Range km 0.32 0.55 1.43 3.77
Coverage Area | Km2 0.21 0.60 4.00 27.69
UL Cell Range km 0.30 0.51 131 3.44
Coverage Area | Km2 0.17 0.50 335 23.08
UL Cell Range km 0.27 0.45 1.16 3.04
Coverage Area | Km2 0.14 0.40 2.63 18.06

Source: ZTE 700 MHz spectrum coverage benefit, 2015
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From thesimulationresults, a single site coverage area using the 700Midd i
various scenarios is tleguivalent of 7 to 8 timabat of the 2.6GHz band. In the other
words, to cover the same ard@& number of sites used for 2.6GHz will be 7 to 8 times
what is used for 700MHZf the operator will be utilizing multiple bands for the
network deployment, there is no dotifsat 700MH is the best choice for nationwide

coverage to save network deployment coststarsgppeed up deployment.

In the simulation results, one siteveragearea with the 700MHspectrum band in
the most market segmernssthe equivalent of 7 to 2 times the 2H&spectrum band
Therefore the CAPEX requirement fathe exact same aresing 700 MHz band is
reduced by 7 to 2 timeklence this is ideal for the Sri Lankan rural market universal
access purpose.

Benefits within existing coverage

- increased capacity

- increased speed

- in-building coverage

- in-fill of ‘blackspots’

- move from 2G at edge to broadband

Existin
- off-loading to 700 MHz g

wireless

broadband
coverage

Existing 2G
Benefits outside existing coverage: coverage
- more extensive coverage
- non-line-of-sight coverage 700 MHz
- lower per-area cost deployment coverage

- more rapid deployment

Figure5.10: Conceptual representation of the benefits of 700 MHz deployment over
exiting IMT spectrum bands

Source: Benefits of 700 MHz, GSMA
During the interview with the TRCSL it was found that this band is halted due to the
conversion delay of Analog TV toi@tal TV. This was on the pipe line for a

significant amount of time but the project is still on raid the valuable 700 MHz

spectrum for Broadband is blocked due to this.
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Figure5.11: Digital TV convesion status, South Asia

Source: Broadband in 700 MHz, GSMA 2013

5.1.3.2Capacity Bands for broadbandTE

In the current context the mobile operators in Sri Lanka has only 1800 MHz/2100 MHz
bands for LTE capacity deployment which is not sufficient to cater thennatial

data growth rate in the dense urban and urban segments.

In developing countries like Sri Lanka, mobile networks are being used to provide
broadband solutions to mamyral communities beyond the reach of the restricted
fixed-line infrastructureMobile networks have the potential to attain universal access
in the country But for massmarket usage of broadband, particularly in densdhan

or urbanareasgood quality broadband services can be offered only if mobile network

havea sufficient capaity spectrum band is available.

It's very important thategulatorsallocatethe precioud90MHz from the 2.6Hz for
mobile broadband serviceBhe 2.6 GHA_TE bandis heavily used as a capacity band
all around the globe, with economies of scale enghlbmver cost from device and

network equipmentCurrently only 30 MHz of this band issued to SLTa fixed
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broadband service provider and the rest of 166 MHz is unusedwhich can be
allocated on urgent basis for mobile broadband servidesre is anther 2.3 GHz
(100 MHz) capacity. TE bandavailable buit is fully utilized for Dialog and Lanka
Bell.

After analyzing the interview data, | can conclude the final bands should be placed as
follows to cater the capacity and coverage requirement in the,uB@mi urban and

rural segments.

Urban Suburban Rural

ﬂﬂé Elﬂi’u L

700 MHz

900 MHz

1800 MHz

2100 MHz

2600 MHz

Figure5.12: LTE spectrum band plan for different demographics in Sri Lanka

Source: Author

5.1.3.3Spectrum requirement for 5G

5G is the next generation of wireless and mobileadbandtiechnology, effective at
ultra-fast rates, low latency and excellent reliability. 5G networks will provide fixed
and mobile broadband services to end customers “on the go", in the home or in the
workplace. The 5G New Radio (5G NR) interface, useqgadility for low latency and
ultrarreliable connections will handlenaenormous number of devices with very
different connectivity demands that make up the Internet of Things (loT), such as

industrial applications, innovative logistics and utility progsam
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Future IMT

Figure5.13: 5G Spectrum use cases

Source5G Spectrum policy, Huawei

Spectrum availability for IMT in the 33884200 and 4403000 MHzspectrunranges

is growing globally. The 3408600 MHz frequency dnd is allocated to Mobile
Service on a basis in almost all countries throughout the world. Administrations will
make available unique portions of their 320800 and 44005000 MHz ranges at
several times building neighboring blocks. The 3GPP 5G NR sme@in will
encourage 33068800 MHz from the start, using a TDD access scheme. In accord with
the release plans from many nations, the 33800 MHz band will be the primary 5G
band with greatest potential for intational harmonization over timét is
recommended that at least 100 MHz of contiguous bandwidth from this group be

allocated to each 5G netwoRlease refer the figure 5.14.1]
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= Already available for IMT/offical plans Status and plans for the 3300-4200 and 4400-5000 MHz ranges

Considered for IMT by regulators insome regions and countries as well as the Huawei expecta-
e22 Different LATAM countries have identifed different blocks within the range tions for the future, based on publicly available infermation.

Patential for future IMT use

Figure5.14: Global availability and planning of the 33@200 MHz and 44066000
MHz frequency ranges

Source: Huawei

Also for capacity 5G bandthe World Radiocommunication Conference 2015 (WRC
15) developedhe way for the future development of IMT on higher frequency groups
by identifying many frequencies for studyes the 24.286 GHz range (Figurg.15

for possible identification for IMT under WR®@9. The 24.2827.5 and 3743.5 GHz
bands are prioritized within the continuing ITRJwork in preparation for WRQ@9;

all areas and countries are recommended to encotlrageentification of these two
bands for IMT throughout WR@9 and should aim to harmonize technical

requirements for use of these frequencies in 5G.

Group 70/80
(GHz)

24.25-275 37-40.6 4b.5-47

31.8-33.4 40.5-425 47-47.2
42.5-435 47.2-50.2
50.4-52.6

Figure5.15: Candidate frequency bands of WRQ@9

Souce: Huawei

The 24.2529.5 and 37#43.5 GHzspectrum bandare the most promising frequencies
for the early deployment of 5@illimeter wave systems, and also many leading

markets are contemplating portions of both of these ranges for early deployments
(Figure 5.16), and also botbands arebeing specified in 3GPP Release 15. It's
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encouraged that at least 800 MHz of spectrum each network from such ranges be
assigned for the installation of 5G. For states that plan to releas226.&Hz as first
measure,tis encouraged that at least 400 MHz of contiguous spectrum per network be
delegated; the remaining 24:26.5 GHz needs to be allocated as soon as practicable
and particular provisions should be added to avoid fragmented assignments across the
entire 24.3-27.5 GHz range.

B Inscopeof WRC-19, already allocated to Mobile Service e -
¥ |nscopeof WRC-19, require allocation to Mobile Service - R ﬂ -&\kw\.GHZ
5

7 Natin 5cope of WRC-19, but allocated to Mobile Service 24,25 275 29!531.8 334 37 40, 42!5435
B Confirmed
Likely
TBD Europe’s 5G picneer band and -
other bands considered for 5G

Pioneer band
USA has the bands 27.5-28.35, 37-38.6, 38.6-40 GHz E

for licensed use, the band 64-71GHz for unlicensed use

China has consultedon 24.75-27.5 and 37-42.5 GHz
for 5G and decided these two bands for 5G trial Il

lO 85
Japan has identified 5G candidate bands including up -
to 2 GHz from 27.5-29.5 GHz
Korea plans toallocate 26.5-29.5GHz by 2018 when 5G —p—g~
systems are available, at the latest by 2021 & 4 _

Figure5.16: Frequency bands for early deployment of 5G millimeter wave systems
Source: Huawei
Hence amulti-layer spectrum approach is required to address such a wide r&@e of

usage senarios and requirements:

* The "Coverage and Capacity Layer" will be on spectrum in the 2 to 6 GHz range

(e.g. Gband) to deliver the best compromise between capacity and coverage.

* The "Super Data Layer" relies on spectrum above 6 GHz (e.g. 24.25-29.5and 37

43.5 GHz) to address specific use cases requiringhifjfadata rates.

* The "Coverage Layer" will use spectrum below 2 GHz (e.g. 700 MHz) providing

wide-area and deep indoor coverage.

5G networks will leverage the availability of spectrum frimase three layers at the
same time: Regulators need to focus on making available contiguous spectrum in all

layers in parallel, to the greatest extent possible to make 5G successful.
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Table5.5: 5G Spectrunoptions

Layer Addressed Area Frequency Example Min B d
Range requirement

“Super Data Use cases requiring ~ Above 6 GHz 24.25-29.5 1GHz
Layer” extremely high data 37-43.5 (contiguous)
¢MBB rates

“Coverage & Best balance 2-6GHz C-band 100 MHz
Capacity Layer”  between capacity (contiguous)
eMBB, URLLC, and coverage

mMTC

(wide-area but no
deep coverage)

“Coverage Wide-area and deep  Sub 2 GHz MHz up to 20
Layer” indoor coverage MHz paired /
mMTC, eMBB, unpaired
URLLC

Source: 5G Spectrum policy, Huawei

Regulatory frameworks will need to promote the 5G tech innovation. The accessible
mobile communication bands need to be assessed and new frameworks need to be
created for 5G frequency bands. All these frameworks will facilitate innovation by
eliminating anypotential barriers to the introductions of crucial 5G innovations. For

instance:
« Shouldadoptthe principle of technology and service neutrality

* Regulatory frameworkshould be revised to support the statistical nature of massive

MIMO antenna systems
* Incentives for network synchronization in 5G networks should be considered

* Provisions to support duplex flexibility should also be considered as the next step

allowing for a more flexible use of the spectrum resource.

A globally harmonized spectrum frework for 5G will enable economies of scale,
facilitating crossborder coordination and drifting for users. Consistent spectrum
launch timelines and harmonization steps are key enablers for 5G's success. Licenses

offering exclusive use of nationwide awle bandwidth stay the primary and
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preferred authorization model for obtaining 5G spectrum, bringing certainty for
investments, predictable network performance and quality fousedconnectivity.

In the current context Dialog and Mobitel both have p&hto deploy the initial 5G

in the C band 3.3-3.8 GH2 which follows the global trend. After getting some
maturity in the 5G domain we can go for the mm wave band in 28GHz for super data
layer. This is ideal for a market like Sri Lanka where the investmeed to carefully
done and coverage plays a major role in the internet penetration.

Also during the TRCSL interview it was found that there is another good potential in
2-6 GHz band in the 2.6 GHz rangehi3 band is currently occupiezhly by SLT,

using only 30MHz from a total bandwidth of 190 MHz. China Telecom, which is a
leading operator in China also uses this band for their initial 5G deployment. However,
this need to carefully analyzed because we need to use harmonized bands for 5G since
it will be beneficial in the long run as stagstlierin this spectrunpolicy frame work.

5.2 Spectrum Management

As discussed earlier this has 3 dimensions.
1. Spectrum efficiency
2. Spectrum sharing

3. Spectrumlrading

5.2.1 Spectrum efficiency

5.2.1.1Which technology to use for brodhnd?

As stated in the earlier chapewe must always allow to use the higher technology to
increase the spectral efficiency. In Sri Lanka we have two primary technologies to
offer broadband (3G and LTE). But from the following tabl@, it is cleathat LTE’s
spectral efficiency is 4 times larger than the 3G technology. Hence the operators must
always for the currently available higher technology for broadband deployments. From
the interviews | found that Dialog and Mobitel has heavily invested onnéf#ork
deployments and will be done in the future as well. Hutch/Etisalat merger entity is now
started deploying LTE but the Airtel has no spectrum baodmitiate the LTE

deployments.
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Table5.6: Technologyws Spectrum Efficiency

Technology Spectrum Efficiency
(bits/S/Hz)
GSM 0.4

Higher the Higher the
Technology WCDMA 05 BW
' Efficiency
HSPA+ 4.2
LTE 16.3
LTE-A 30

Source: 3GGP

We also can further increase the spectrum efficiency using carrier aggregation
techniques and MIMO (multiple Inpaind Multiple Output) two technologie$hese
features arincluded eleased0- 12for LTE standardihat comprise LTEAdvance.

In MIMO multiple paths are used to increase the throughput. Furthermore, Carrier
Aggregation (CA) is a popular method to increase the spectrum utilization specially
when the spectrum is fragmented. In CA Both intirad interband is supportednitial

LTE-A CA deployments have utilizedvo carriersto improve peak download rates
This is a changen howthespectrum has been employed by operators, and empowers
the operatoto combine different spectrum amuiovide higher throughput8ut still

the device penetration which support 4.5G is very low.

The accessibility of larger contiguous blocks of spectruenefore makes it possible
for operators to move to more complex technology releases, offering higher rates to

consumersBy way of instance, a move from 4x4MIMO to 8x8 MIMO leads to a

8 x8 MIMO
5x 20MHz

doubling of peak rates (see Figure 5.17 under).

4 x4 MIMO
5x20MHz

1.5Gbit/s 3Gbit/s

O
(@]
s
=
=
=

2x2 MIMO
5x20MHz

750Mbit/s

Figure5.17: Evolution of the peak theoretical downlink speeds
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Source: Huawei

| did a calculation for Mobitel and Dialog network spectrum and found that with
following LTE A features we can achieve 300+ Mbps speeds in the matsork.

1 4x4 MIMO
1 CA with 1800 MHz 4x4 MIMO+ 2100 MHz 2x2 MIMO+ 3 MHz 2x2 MIMO
1 256 QAM (Near site speeds)

5.2.1.2The importance of continuouspectrumband for broadband

During the interviews and data analysis | found that two dominant broadband spectrum
of 1800MHz and 2100 are both having fragmented spectrum blocks as follows,

. 1710 MHz . 1785 MHz
. .
75 MHz X

>

Up-Link

15 MHz 7.5 MHz 7.5 MHz 7.5 MHz 15 MHz 5 MHz 10 MHz 7.5 MHz
Down-Link start from 1805 MHz and order and bandwidth are same as Up-Link

11920 MHz 1 1980 MHz

e 60 MHz .

i
10 MHz 10 MHz 10 MHz 10 MHz 5 MHz 15 MHz

2100 MHz
Up-Link

Down-Link start from 2110 MHz and order and bandwidth are same as Up-Link

Figure5.18: 1800 and 2100 MHz spectrum allocation, Sri Lanka
Source: TRCSL

This fragmented spectrum blocks have a severe effect to &l@riti Dialog data
speeds offered to customers. The maximum speed is effectively reduced by half due
to this in the 1800 LTE spectrum of Mobitehave analyzed this problem for Mobitel

operator and found the limitation of fragmented spectrum.

The RRU Radio Resource Unif¥ used to transmit tHeF signal and it has two power
amplifiers for both GSM 1800 and LTE technologies. Also this power amplifier has

an instant bandwidth which means the range of frequencies it can cover at one time.

Hence as depietl in the picture when we use GSM and LTE both in the same RRUs

we can use the 2x2 MIMO feature. Because if we define the GSM 1800 frequencies in
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one power amplifier it cannot define the far away spectrum of LTE band in the same
power amplifier due to thémitation of the instantaneous Bandwidth of the power
amplifier. Hence the LTE effective speed gets reduced by half due to this. If we want
to define LTE with 2x2 MIMO we need to shut down GSM 1800 or need to use an
additional RRU for that purpose whichlmincrease the CAPEX and OPEX in that
same timeThis is highly inefficient use of the spectrummere all the Mobitel users

speed gets half due to the spectrum fragmentation.

1 LTE 15 SISO (1x1 MIMO)- Max Speed 52 Mbps
1 LTE 15 MIMO (2x2 MIMO) — Max Speed @2 Mbps

RU
mev?r |4— Instantaneous BW: PA1 —»| To achieve MIMO both
Amplifier 1 Power Amplifiers shall
- LNA NA gabnsr:iL:ame frequencies
t t
< Power Power POYU,er Instantaneous BW: PA2 —b| os:‘.ion s atsame
= Amplifier | Amplifier Amphﬂer 2 P
=
i
[
=
< 5150 «— Instantaneous BW: PA1 —» l+— Instantaneous BW: PA2 —»
min Scenario  [F1 [r2 [F3 [ra [rs [r6 [F7 [F8 [Fo [F10 [F11 [F22
o) F1 to F5 operable in PA1 and F8 to F12 operable in PA2
e Ex: GL Site with LTE SISO and GSM
[ LTE Speed: 52Mbps ]
l-— Instantaneous BW: PA1 —>|
LTE GSM
MIMO «— Instantaneous BW: PA2 —»
| Scenario
POWER iR [/ [r [/ [re /7 [r8 [Fo [F10[F11|Fa2|
BBU Only F1 to F5 operable in both PA1 & PA2
Ex: GL Site with LTE MIMO and GSM
[ LTE Speed: 105Mbps |
Same Spectrum Holding with Contiguity will Have
Double Capacity with Same Equipment

| Transmitter Bandwidth - 40MHz

15 MHz 7.5 MHz 7.5 MHz 7.5M 15 MHz 5 MHz 10 MHz 7.5 MHz
Transmitter Bandwidth - 40MHz

\
Can use total spectrum but cannot deploy
MIMO (LTE speeds become half)

Figure5.19: Mobitel LTE speed problem due 1800 MHzfragmented spectrum

Source: Author
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Furthermore, if the spectrum gets continuous both Mobitel and Dialog can upgrade
their LTE speeds to 20 MH2x2 MIMO configuration by rdéarming the GSM
spectrum for LTE release and enhance the LTE speeds as follows to all their customers.
Because when the spectrum is continuous operators can do innovative initiatives for

higher LTE speeds.

1 Dialog from 15 MHz2x2 MIMO (102 Mbps) A 20 MHz 2x2 MIMO (200
Mbps)

T Mobitel from 15 MHz 1x1 MIMO (52 Mbpsp 20 MHz 2x2 MIMO (200
Mbps)

Also there is another key drawback with the fragmented spectrum blocks in 1800 and
2100MHz. It can lead to PIMPassive intemodulatior). PIM is very common in the
networks system It shows up when two or moRF signals are mixed together via

the nonlineadevices (Figur®.20. If the nonlinearity i€aused by the passive device,
such as connectors, antennas, cables and any contdssiafilr metals, the inter

modaulation is called pag/e intermodulation, or PIM.

Nonlinear System

f1 fl
7t
h

fi f

Figure 2.1 Inter-modulation of Two Carries

Figure5.20: Intermodulation of two carriers

Source: PIM analysis, Ericsson

| have analyzed the PIM effect to Sri Lankanbile operator’s bands and found the
problem is severe in the IBS (In building systems) where all the RF signals of all
operators gets mixed in the DAS (Distributed Antenna System) where severe

interference is caused to inter operators and intra opdranols.

From the belowPIM table, | found many combinations of PIM with intra operator

bands and inter operator bands.

1 Intra Operator bands PIM effect
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1. Mobitel LTE band (First 15 MHz) and GSM 1800 (Mid 5 MHz)
2. Mobitel GSM 1800 (Mid 5 MHz) and 2100 3G firtsto carriers
1 Inter operator PIM effect Mobitel LTE Band and Dialog GSM 1800
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Table5.7: PIM Effect to Sri Lankan Mobile operators

1800M TX RX 2100M X RX
1800 SubBand1 1805.0 1820.0 1710.0 1725.0 2100 SubBand1 2110.0 2120.0 1920.0 1930.0
1800 SubBand2 1857.5 1862.5 1762.5 1767.5 2100 SubBand?2 1960.0 1965.0
1800 SubBand3 1872.5 1880.0 1777.5 1785.0
1805 1806 1807 1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1857.5 1858 1859 1860 1861 1862 1862.5| 18725 1873 1874 1875 1876 1877 1878 1879 1880 2110 2111 2112 2113 2114 2115 2116 2117 2118 2119 212
1805 | 1805 1804 1803 1802 1801 1800 1799 1798 1797 1796 1795 1794 1793 1792 1791 1790 17525 1752 1751 1750 1749 1748 17475 1737.5 1737 1736 1735 1734 1733 1732 1731 1730| 1500 1499 1498 1497 1496 1495 1494 1493 1492 1491 1490| 1459 1458 1457 1456 1455
1806 | 1807 1806 1805 1804 1803 1802 1801 1800 1799 1798 1797 1796 1795 1794 1793 1792 17545 1754 1753 1752 1751 1750 17495 17395 1739 1738 1737 1736 1735 1734 1733 1732| 1502 1501 1500 1499 1498 1497 1496 1495 1494 1493 1492| 1461 1460 1459 1458 1457
1807 | 1809 1808 1807 1806 1805 1804 1803 1802 1801 1800 1799 1798 1797 1796 1795 1794 17565 1756 1755 1754 1753 1752 17515| 17415 1741 1740 1739 1738 1737 1736 1735 1734] 1504 1503 1502 1501 1500 1499 1498 1497 1496 1495 1494| 1463 1462 1461 1460 1459
1808 | 1811 1810 1809 1808 1807 1806 1805 1804 1803 1802 1801 1800 1799 1798 1797 1796 17585 1758 1757 1756 1755 1754 1753.5| 17435 1743 1742 1741 1740 1739 1738 1737 1736] 1506 1505 1504 1503 1502 1501 1500 1499 1498 1497 1496| 1465 1464 1463 1462 1461
1809 | 1813 1812 1811 1810 1809 1808 1807 1806 1805 1804 1803 1802 1801 1800 1799 1798 1760.5 1760 1759 1758 1757 1756 1755.5| 17455 1745 1744 1743 1742 1741 1740 1739 1738| 1508 1507 1506 1505 1504 1503 1502 1501 1500 1499 1498| 1467 1466 1465 1464 1463
1810 | 1815 1814 1813 1812 1811 1810 1809 1808 1807 1806 1805 1804 1803 1802 1801 1800 17625 1762 1761 1760 1759 1758 1757.5| 1747.5 1747 1746 1745 1744 1743 1742 1741 1740| 1510 1509 1508 1507 1506 1505 1504 1503 1502 1501 1500 1469 1468 1467 1466 1465
1811 | 1817 1816 1815 1814 1813 1812 1811 1810 1809 1808 1807 1806 1805 1804 1803 1802 17645 1764 1763 1762 1761 1760 1759.5| 17495 1749 1748 1747 1746 1745 1744 1743 1742| 1512 1511 1510 1509 1508 1507 1506 1505 1504 1503 1502| 1471 1470 1469 1468 1467
1812 | 1819 1818 1817 1816 1815 1814 1813 1812 1811 1810 1809 1808 1807 1806 1805 1804 17665 1766 1765 1764 1763 1762 17615| 17515 1751 1750 1749 1748 1747 1746 1745 1744] 1514 1513 1512 1511 1510 1509 1508 1507 1506 1505 1504 1473 1472 1471 1470 1469
1813 | 1821 1820 1819 1818 1817 1816 1815 1814 1813 1812 1811 1810 1809 1808 1807 1806 17685 1768 1767 1766 1765 1764 17635 17535 1753 1752 1751 1750 1749 1748 1747 1746| 1516 1515 1514 1513 1512 1511 1510 1509 1508 1507 1506| 1475 1474 1473 1472 1471
1814 | 1823 1822 1821 1820 1819 1818 1817 1816 1815 1814 1813 1812 1811 1810 1809 1808 17705 1770 1769 1768 1767 1766 17655| 17555 1755 1754 1753 1752 1751 1750 1749 1748| 1518 1517 1516 1515 1514 1513 1512 1511 1510 1509 1508| 1477 1476 1475 1474 1473
1815 | 1825 1824 1823 1822 1821 1820 1819 1818 1817 1816 1815 1814 1813 1812 1811 1810 17725 1772 1771 1770 1769 1768 17675 17575 1757 1756 1755 1754 1753 1752 1751 1750| 1520 1519 1518 1517 1516 1515 1514 1513 1512 1511 1510| 1479 1478 1477 1476 1475
1816 | 1827 1826 1825 1824 1823 1822 1821 1820 1819 1818 1817 1816 1815 1814 1813 1812| 17745 1774 1773 1772 1771 1770 17695| 17595 1759 1758 1757 1756 1755 1754 1753 1752 1522 1521 1520 1519 1518 1517 1516 1515 1514 1513 1512| 1481 1480 1479 1478 1477
1817 | 1829 1828 1827 1826 1825 1824 1823 1822 1821 1820 1819 1818 1817 1816 1815 1814| 17765 1776 1775 1774 1773 1772 17715 17615 1761 1760 1759 1758 1757 1756 1755 1754] 1524 1523 1522 1521 1520 1519 1518 1517 1516 1515 1514| 1483 1482 1481 1480 1479
1818 | 1831 1830 1829 1828 1827 1826 1825 1824 1823 1822 1821 1820 1819 1818 1817 1816 17785 1778 1777 1776 1775 1774 17735 17635 1763 1762 1761 1760 1759 1758 1757 1756| 1526 1525 1524 1523 1522 1521 1520 1519 1518 1517 1516| 1485 1484 1483 1482 1481
1819 1833 1832 1831 1830 1829 1828 1827 1826 1825 1824 1823 1822 1821 1820 1819 1818| 17805 1780 1779 1778 1777 1776 17755| 17655 1765 1764 1763 1762 1761 1760 1759 1758| 1528 1527 1526 1525 1524 1523 1522 1521 1520 1519 1518| 1487 1486 1485 1484 1483
1820 | 1835 1834 1833 1832 1831 1830 1829 1828 1827 1826 1825 1824 1823 1822 1821 1820 17825 1782 1781 1780 1779 1778 1777.5| 17675 1767 1766 1765 1764 1763 1762 1761 1760| 1530 1529 1528 1527 1526 1525 1524 1523 1522 1521 1520| 1489 1488 1487 1486 1485
1857.5| 1910 1909 1908 1907 1906 1905 1904 1903 1902 1901 1900 1899 1898 1897 1896 1895/ 18575 1857 1856 1855 1854 1853 18525| 18425 1842 1841 1840 1839 1838 1837 1836 1835| 1605 1604 1603 1602 1601 1600 1599 1598 1597 1596 1595| 1564 1563 1562 1561 1560
1858 1911 1910 1909 1908 1907 1906 1905 1904 1903 1902 1901 1900 1899 1898 1897 1896/ 18585 1858 1857 1856 1855 1854 18535 18435 1843 1842 1841 1840 1839 1838 1837 1836| 1606 1605 1604 1603 1602 1601 1600 1599 1598 1597 1596| 1565 1564 1563 1562 1561
1859 | 1913 1912 1911 1910 1909 1908 1907 1906 1905 1904 1903 1902 1901 1900 1899 1898 1860.5 1860 1859 1858 1857 1856 1855.5| 18455 1845 1844 1843 1842 1841 1840 1839 1838| 1608 1607 1606 1605 1604 1603 1602 1601 1600 1599 1598| 1567 1566 1565 1564 1563
1860 | 1915 1914 1913 1912 1911 1910 1909 1908 1907 1906 1905 1904 1903 1902 1901 1900/ 18625 1862 1861 1860 1859 1858 1857.5| 18475 1847 1846 1845 1844 1843 1842 1841 1840 1610 1609 1608 1607 1606 1605 1604 1603 1602 1601 1600| 1569 1568 1567 1566 1565
1861 | 1917 1916 1915 1914 1913 1912 1911 1910 1909 1908 1907 1906 1905 1904 1903 1902 1864.5 1864 1863 1862 1861 1860 1859.5| 1849.5 1849 1848 1847 1846 1845 1844 1843 1842| 1612 1611 1610 1609 1608 1607 1606 1605 1604 1603 1602 1571 1570 1569 1568 1567
1862 | 1919 1918 1917 1916 1915 1914 1913 1912 1911 1910 1909 1908 1907 1906 1905 1904 1866.5 1866 1865 1864 1863 1862 1861.5| 18515 1851 1850 1849 1848 1847 1846 1845 1844| 1614 1613 1612 1611 1610 1609 1608 1607 1606 1605 1604 1573 1572 1571 1570 1569
1862.5| 1920 1919 1918 1917 1916 1915 1914 1913 1912 1911 1910 1909 1908 1907 1906 1905 1867.5 1867 1866 1865 1864 1863 1862.5| 18525 1852 1851 1850 1849 1848 1847 1846 1845| 1615 1614 1613 1612 1611 1610 1609 1608 1607 1606 1605 1574 1573 1572 1571 1570
18725| 1940 1939 1938 1937 1936 1935 1934 1933 1932 1931 1930 1929 1928 1927 1926 1925 1887.5 1887 1886 1885 1884 1883 18825 18725 1872 1871 1870 1869 1868 1867 1866 1865| 1635 1634 1633 1632 1631 1630 1629 1628 1627 1626 1625 1594 1593 1592 1591 1590
1873 | 1941 1940 1939 1938 1937 1936 1935 1934 1933 1932 1931 1930 1929 1928 1927 1926 18885 1888 1887 1886 1885 1884 18835| 18735 1873 1872 1871 1870 1869 1868 1867 1866) 1636 1635 1634 1633 1632 1631 1630 1629 1628 1627 1626 1595 1594 1593 1592 1591
1874 | 1943 1942 1941 1940 1939 1938 1937 1936 1935 1934 1933 1932 1931 1930 1929 1928| 18905 1890 1889 1888 1887 1886 18855 18755 1875 1874 1873 1872 1871 1870 1869 1868| 1638 1637 1636 1635 1634 1633 1632 1631 1630 1629 1628| 1597 1596 1595 1594 1593
1875 | 1945 1944 1943 1942 1941 1940 1939 1938 1937 1936 1935 1934 1933 1932 1931 1930 18925 1892 1891 1890 1889 1888 1887.5| 1877.5 1877 1876 1875 1874 1873 1872 1871 1870| 1640 1639 1638 1637 1636 1635 1634 1633 1632 1631 1630 1599 1598 1597 1596 1595
1876 | 1947 1946 1945 1944 1943 1942 1941 1940 1939 1938 1937 1936 1935 1934 1933 1932 18945 1894 1893 1892 1891 1890 1889.5| 18795 1879 1878 1877 1876 1875 1874 1873 1872| 1642 1641 1640 1639 1638 1637 1636 1635 1634 1633 1632 1601 1600 1599 1598 1597
1877 1949 1948 1947 1946 1945 1944 1943 1942 1941 1940 1939 1938 1937 1936 1935 1934| 18965 1896 1895 1894 1893 1892 18915/ 18815 1881 1880 1879 1878 1877 1876 1875 1874| 1644 1643 1642 1641 1640 1639 1638 1637 1636 1635 1634 1603 1602 1601 1600 1599
1878 | 1951 1950 1949 1948 1947 1946 1945 1944 1943 1942 1941 1940 1939 1938 1937 1936 1898.5 1898 1897 1896 1895 1894 1893.5| 18835 1883 1882 1881 1880 1879 1878 1877 1876| 1646 1645 1644 1643 1642 1641 1640 1639 1638 1637 1636 1605 1604 1603 1602 1601
1879 | 1953 1952 1951 1950 1949 1948 1947 1946 1945 1944 1943 1942 1941 1940 1939 1938 19005 1900 1899 1898 1897 1896 18955| 18855 1885 1884 1883 1882 1881 1880 1879 1878| 1648 1647 1646 1645 1644 1643 1642 1641 1640 1639 1638 1607 1606 1605 1604 1603
1880 | 1955 1954 1953 1952 1951 1950 1949 1948 1947 1946 1945 1944 1943 1942 1941 1940 19025 1902 1901 1900 1899 1898 1897.5| 1887.5 1887 1886 1885 1884 1883 1882 1881 1880| 1650 1649 1648 1647 1646 1645 1644 1643 1642 1641 1640 1609 1608 1607 1606 1605
2110 | 2415 2414 2413 2412 2411 2410 2409 2408 2407 2406 2405 2404 2403 2402 2401 2400| 23625 2362 2361 2360 2359 2358 2357.5| 23475 2347 2346 2345 2344 2343 2342 2341 2340 2110 2109 2108 2107 2106 2105 2104 2103 2102 2101 2100| 2069 2068 2067 2066 2065|
2111 | 2417 2416 2415 2414 2413 2412 2411 2410 2409 2408 2407 2406 2405 2404 2403 2402| 23645 2364 2363 2362 2361 2360 23595 23495 2349 2348 2347 2346 2345 2344 2343 2342| 2112 2111 2110 2109 2108 2107 2106 2105 2104 2103 2102| 2071 2070 2069 2068 2067|
2112 | 2419 2418 2417 2416 2415 2414 2413 2412 2411 2410 2409 2408 2407 2406 2405 2404| 23665 2366 2365 2364 2363 2362 23615 23515 2351 2350 2349 2348 2347 2346 2345 2344| 2114 2113 2112 2111 2110 2109 2108 2107 2106 2105 2104| 2073 2072 2071 2070 2069
2113 | 2421 2420 2419 2418 2417 2416 2415 2414 2413 2412 2411 2410 2409 2408 2407 2406| 23685 2368 2367 2366 2365 2364 23635 23535 2353 2352 2351 2350 2349 2348 2347 2346| 2116 2115 2114 2113 2112 2111 2110 2109 2108 2107 2106| 2075 2074 2073 2072 2071
2114 | 2423 2422 2421 2420 2419 2418 2417 2416 2415 2414 2413 2412 2411 2410 2409 2408| 23705 2370 2369 2368 2367 2366 23655 23555 2355 2354 2353 2352 2351 2350 2349 2348| 2118 2117 2116 2115 2114 2113 2112 2111 2110 2109 2108| 2077 2076 2075 2074 2073
2115 | 2425 2424 2423 2422 2421 2420 2419 2418 2417 2416 2415 2414 2413 2412 2411 2410| 23725 2372 2371 2370 2369 2368 2367.5| 23575 2357 2356 2355 2354 2353 2352 2351 2350| 2120 2119 2118 2117 2116 2115 2114 2113 2112 2111 2110| 2079 2078 2077 2076 2075
2116 | 2427 2426 2425 2424 2423 2422 2421 2420 2419 2418 2417 2416 2415 2414 2413 2412| 23745 2374 2373 2372 2371 2370 23695 23595 2359 2358 2357 2356 2355 2354 2353 2352| 2122 2121 2120 2119 2118 2117 2116 2115 2114 2113 2112| 2081 2080 2079 2078 2077|
2117 | 2429 2428 2427 2426 2425 2424 2423 2422 2421 2420 2419 2418 2417 2416 2415 2414 23765 2376 2375 2374 2373 2372 23715| 23615 2361 2360 2359 2358 2357 2356 2355 2354| 2124 2123 2122 2121 2120 2119 2118 2117 2116 2115 2114| 2083 2082 2081 2080 2079
2118 | 2431 2430 2429 2428 2427 2426 2425 2424 2423 2422 2421 2420 2419 2418 2417 2416| 23785 2378 2377 2376 2375 2374 23735 23635 2363 2362 2361 2360 2359 2358 2357 2356| 2126 2125 2124 2123 2122 2121 2120 2119 2118 2117 2116| 2085 2084 2083 2082 2081
2119 | 2433 2432 2431 2430 2429 2428 2427 2426 2425 2424 2423 2422 2421 2420 2419 2418| 23805 2380 2379 2378 2377 2376 23755 23655 2365 2364 2363 2362 2361 2360 2359 2358| 2128 2127 2126 2125 2124 2123 2122 2121 2120 2119 2118| 2087 2086 2085 2084 2083|
2120 | 2435 2434 2433 2432 2431 2430 2429 2428 2427 2426 2425 2424 2423 2422 2421 2420| 23825 2382 2381 2380 2379 2378 2377.5| 23675 2367 2366 2365 2364 2363 2362 2361 2360 2130 2129 2128 2127 2126 2125 2124 2123 2122 2121 2120| 2089 2088 2087 2086 2085
2497 2496 2495 2494 2493 2492 2491 2490 2489 2488 2487 2486 2485 2484 2483 2482| 24445 2444 2443 2442 2441 2440 24395| 24295 2429 2428 2427 2426 2425 2424 2423 2422| 2192 2191 2190 2189 2188 2187 2186 2185 2184 2183 2182 2151 2150 2149 2148 2147
2499 2498 2497 2496 2495 2494 2493 2492 2491 2490 2489 2488 2487 2486 2485 2484| 24465 2446 2445 2444 2443 2442  24415| 24315 2431 2430 2429 2428 2427 2426 2425 2424] 2194 2193 2192 2191 2190 2189 2188 2187 2186 2185 2184 2153 2152 2151 2150 2149
2501 2500 2499 2498 2497 2496 2495 2494 2493 2492 2491 2490 2489 2488 2487 2486| 24485 2448 2447 2446 2445 2444 24435| 24335 2433 2432 2431 2430 2429 2428 2427 2426 2196 2195 2194 2193 2192 2191 2190 2189 2188 2187 2186| 2155 2154 2153 2152 2151
2503 2502 2501 2500 2499 2498 2497 2496 2495 2494 2493 2492 2491 2490 2489 2488| 2450.5 2450 2449 2448 2447 2446 24455| 24355 2435 2434 2433 2432 2431 2430 2429 2428| 2198 2197 2196 2195 2194 2193 2192 2191 2190 2189 2188 2157 2156 2155 2154 2153
2505 2504 2503 2502 2501 2500 2499 2498 2497 2496 2495 2494 2493 2492 2491 2490| 24525 2452 2451 2450 2449 2448 2447.5| 2437.5 2437 2436 2435 2434 2433 2432 2431 2430| 2200 2199 2198 2197 2196 2195 2194 2193 2192 2191 2190| 2159 2158 2157 2156 2155

Source: Author

81




5.2.1.3Several Options for Band 3 (1800 MHz) continuous plan

As highlighted earlier the spectrum need to be continuous to reap the best benefits out
of it. following are two spectrum realignment options which need to deployed on
urgent basisWith both Options Dialog and Mobitel can instantly convert the existing
LTE Bandwidth from 15 MHz to 20 MHz and improve the majority of the Broadband
user speeds from 100 Mbps to 150 Mbps.

Present Allocation

Band 3 [ 1800MHz) - Sri Lanka

15MHz 15MHz 7.5MHz 15MHz SMHz 10MHz 7.5MHz

Proposed Allocation — Option 1

Band 3 (1800MHz] - Sri Lanka
Hutch

27 5MHz 7.5MHz 15MHz 25MHz

Proposed Allocation — Option 2

Band 3 (1800MHz) - Sri Lanka

Hutch

25MHz 7.5MHz 15MHz 27.5MHz

Figure5.21: Spectrum continuous options

Source: Author

5.2.1.4Combination of Mobile and Fixed Bradband

Another important factor identified during the interviews is thate is a significant
spectrum inefficiency caused due to tlvdde of mobile and fixed wireless broadband.
During the TRCSL interviews | discovered that fixed broadband is intedito cover

give broadband to the rural segment and there are 3 fixed operators now currently at

the business.



Table5.8: Fixed Broadband Sri Lankan operators Spectrum details

Operat Zelililaitn Ba-rll-g\t/aldth Remaining
or  Operation  Frequency Band o Lor;tor Available in  Bandwidth
P the band
SLT Fixed | Band 38 (2600 TDD)| 30MHz 190 MHz | 160 MHz
Dialog Fixed Band 40 (2300 TDD)| 70-75MHz
100MH N
cam@ | Fixed | Band 40 (2300 TDD)| 20-25MHz ‘ one
Source TRCSL

From the spectrum bands we can see clearly lot of unused spectrum especially in the
2.6 GHz band. Also the LTE standard defines only a maximum of 20 MHz for the
spectrum bands so Dialog is using the excess frequency carriers to improve the
networkquality.

Another problem is the band offered for fixed broadband is 2.3/2.6 GHz which are
typically used for capacity bands in dense urban and urban areas. Hence the objective
of the TRCSL is not significantly met with the fixed broadband services.

When we compare the statistics of internet user in Sri Lanka we can clearly see people
adopt mobile broadband heavily compared to fixed broadband. Hence we should
release the unused spectrum for mobile use and remove this fixed and mobile
demarcation for broadbd spectrum release. During the literature survey | found all
the developed countries adopt this strategy. They don’t have a demarcation for fixed
wireless broadband. During the carrier aggregation features also we can see most
popular bands are LTE 1800H# and 26 GHz/2.3 GHz bandéPlease refer Table

5.8). With this capacity bands we can cater the broadband demandderte urban

and urban segments.
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Table5.9: LTE CA deployment bands

Source: GSA Report, October 2015

35
30
25
20
15

10

: [

3(1800)+7 3(1800)+38 3(1800)+ 40
(2600 FDD) ~ (2600TDD) (2300 TDD)

Source: GSA reporg015

5.2.2 Spectrum Sharing

3(1800)+7 (2600 2(1800)+38 3(1800)+ 40

No- Contry Operator : Fl]I)D] : [[2600 1]'DD] (lzsoo 1]'DD]
1 _|Albania |Albania Telekom v

2 |Australia Optus v
3 |Austria 3 v

4 |Denmark 3 v

5 |Denmark [Telenor v

6 _|Estonia Elisa v

7 _|Estonia EMT v

8 [Finland DNA v

9 _|Finland Elisa v

10 Finland [TeliaSonera v

11 France Bouygues Telecom v

12 France Free v

13 |Germany DT v

14 |Greece \Vodafone v

15 Hong Kong CSL v

16 Hong Kong 3 HK v

17 Hong Kong Smartone v

18 Hungary Magyar Telekom v

19 Indonesia Smartfren v
20 |italy [TimM v

21 |taly \Vodafone v
| 22 |Latvia Bite v
| 23 latvia LmT v

24 |Lithuania Bite v

25 Maldives Dhiraagu v

26 |New Zealand Spark v

27 |Norway [Telenor v

28 |Poland Polkomtel Plus v

29 Portugal Meo v

30 |Portugal \Vodafone v

31 |Romania Crange v

32 Russia MTS v
| 33 Kaudi Arabia STC v
34 [Singapore M1 v

35 [Singapore StarHub v

36 [Slovak Rep Slovak Telekom v

37 Slovania [Telekom Slovenije v

38 [South Africa [Telekom Mobile v

39 [Spain Movistar v

40 [Spain Vodafone v

41 Switzerland Salt v

42 PSwitzerland Swisscom v

43 UK EE v

From the interviews | found that the regulator has not allow sharing of spectrum in any

form. | had a detailed discussion with the TRCSL and they emphasize that this should

be done on command control method. | analyzed the rdsupectrum amount vs

subscriber number in each operators and found that the spectrum is not effectively used

specially the bottom end operatoPiease refer figure 5.21 for more details.
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Hz per Subscriber- GSM900
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8.00
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4.00

=
°

3.00

2.00

I Mobitel  Airtel Dialog  Etisalat  Hutch
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12.00
10.00
8.00

900MHz 2100MHz
6.00

GSM Coverage 3G 200
C H ¢ L e
overage overage:
o ]

Mobitel Airtel Dialog Etisalat Hutch

Note: Hz/sub. Calculated for clean spectrum only

Figure5.22: Spectrum utilization in different operators, Sri Lanka

Source: TRCSL

With the above results there is a serious quality impact on the high customer owned
operators like Dialog and Mobitel. The low end operator’s spectrum is not efficiently

used. But with th@RCSL discussion it was concluded if we allow spectrum sharing
with operators the leading operators will acquire more spectrum from the low end ones
with subsidized prices and the gap between the leading and the bottom ones will further

increase creatingn imbalance between the completion of all the operators.

But they agreed that if the low end operators can share their spectrum with each other
with the guidance of TRCSL and increase the spectrum utilization. With the Hutch and
Etisalat merger they ardgmning to use the existing GSM 1800 and 900 spectrums
together so that they can launch LTE in the 1800 and 900 both bands. Also with the
merger they have to release the redundant 5 MHz of spectrum on 900 band which can
be given to a smaller operator likdértel. Then Airtel can also launahsub 1GHz LTE

to cover the rural markeh economical manner
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5.2.2.1TV white spacing concept to Sri Lankan market

White Space describes the broadcasting frequencies in the wisgdestrum
Television networks leave gapstween stations for buffering purposes, and this space
can beused for 4@_TE to deliver shared broadbaidernet White Space may travel

up through plants, vegetation, and other barugrso 10 Km.Spectrunrange varies
according to the regigmoweve, White Space spectrum ranges from 470 MHz to 790
MHz.

This technology can be used in Sri Lanka also but in a very effective manner because
in the rural market all the TV channels does not get transmitted and we can use special
gaps to transmit LTE 700 Badband in these areas. Also we have some reserved bands
which are not in the operational mode where some bandwidth can be allocated as LTE
band 12,13 and 14 to transmit the LTE 700 signals. This can be ideal solution until the
fully fledge analog to digél conversion happens to minimize the digital dividend.

LTE Band 12 698 716 728
LTE Band 13 746 756 777

LTE Band 14 l 757 767 l 788 798
v

35[.. | as] a9 0] s1] s2] s3] s4] s8] 55 57 ) 60 61] 62[ 63].. [e9]
S F R R 3 ¥ g 3 g ¥ g g 88
‘ ' ‘ ‘ TR R R RR R
< o~ Qo o0 Xo] < o~ Q 0 [No] < o Q Q0
Q O — — o~ o < L wn ‘.D l\ 0 [ D
© ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
Voice of Asia (Pvt.) Networks N' Eliya Reserved
50 Dialog Television (Pvt.) Ltd. Gongala, Kalutara, Magalkanda Reserved
50 Dialog Television (Pvt.) Ltd. Colombo Operational
51 MTV Hunnasgiriya, Kandy Operational
51 SLRC Kalutara Operational
51 VIS Broadcasting (Pvt.) Ltd. Nayabedda Reserved
52 SLRC Colombo, Kalutara, Namunukula Operational
52 IWS Holdings Kandy Operational
53 People's Media Network (Pvt.) Ltd. Colombo Operational
53 Television & Radio Network Hunnasgiriya, Nayabedda Operational
54 Dialog Television (Pvt.) Ltd. Badulla, Madulsima Reserved
54 Shri Global Television Company (Pvt.) Ltd. Colombo, Kandy Reserved
54 VIS Broadcasting (Pvt.) Ltd. Karagahatenna Reserved
55 VIS Broadcasting (Pvt.) Ltd. Colombo, Gongala, Kandy, Nayabedda Reserved
56 VIS Broadcasting (Pvt.) Ltd. Gongala, Ratnapura Reserved
56 Power House Ltd. Kalutara Operational
56 MGM Networks (Pvt.) Ltd. Kandy Operational
57 Digital Broadcasting Services Islandwide Reserved
58 MTV Colombo, Hunnasgiriya Operational
59 Digital Broadcasting Services Islandwide Reserved
60 E.W. Balasuriya & Company Ltd. Colombo Operational
61 SLRC Islandwide Reserved
62 Shri Global Television Company (Pvt.) Ltd. Gongala Reserved
62 SumathiHoldings Colombo Operational
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LTE & UMTS 700 Band 12 (UL: 698 - 716 MHz, DL: 728 - 746MHz) =y Operational

698 MHz 716 Mz |
- 4 8 Reserved
L 746 MHz |
(Badulla)/ VIS K vis D L
Shri Global Television (Colombo, Kandy) | Kandy. Nmbedda)

o >~ S 756 758 768 777 787 788 798

| Band 12 UL l | Band 12 DL | ‘l-ﬂiinku

LTE & UMTS 700 Band 13 (UL: 777 - 787 MHz, DL: 746 - 756 MHz) LTE & UMTS 700 Band 14 (UL: 788 - 798 MHz, DL: 757 - 767 MHz) Orerational
|7n MHz 787 MHz | [ 788 MHz : 798 MHzl
= 5 > - > Reserved

jtal Broadcasting Islandwide SLRC (Islandwide) L

| o e SLRC "MI f ) | U

746 MHz 756 MHe | | 757 Mz 767 MHz

e e — 2}

VIS Broadcast (Col, Gongala,
Kandy, Nayabedda)

Figure5.23 TV broadcast spectrum vs possible LTE spectrum bands

Source: TRCSL

5.2.2.2LicensedShared Acess

LSA was developedas a method of providingccess tolicensed bandsvhich
otherwise wouldn't be possible in certain European nations. A lot of the work on LSA
thus far has been around for the 2.3 GHz band where LSA is goinchighagilized

in the Europe regianTable 5.%hows a forecast on ti@pact of LSA for broadband

coverage population.

Table5.10: Opening the 2.3 GHz band with LSA

Equivalent population
coverage with LSA

Equivalent population. 1% 17% 17% 17%
coverage without LSA®

Source: Plum study, 2015
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Sri Lanka also have the opportunity to use LSA witferent operators to increasesth
spectrum utilization but from the interview data it is concluded that this need to done
with proper TRCSL guidance.

5.2.2.3Cognitive Radio as a spectrum sharing technique

Cognitive Radio is fairly a new technology which is still under research and will be
bendicial to Sri Lanka in the futureHHowever,there are some features in the LTE
3GGP releases that LTE and G$8&h interoperate and share the spectrum within each
technology.Hence when the GSM traffic is low the LTE bandwidth gets increased
from 3 MHz to 5MHz andincrease the date spee@salog and Mobitel both have
deployed this feature in the Sub 1 GHz LTE deployments.

5.2.3 Spectrum Trading

Spectrum trading ensures that spectrum doesn't lie fallow and creates improved
flexibility in company planning, but stead is used to provide valuable solutions.
Spectrum trading agreements are governed by law and subject to the rules. They may

be subject to evaluation under law.

It makes sense for authorities to be notified of spectrum trading agreements and also
to grant acceptance. Notification requirements maintain transparency, which makes it
clear which entities maintain spectrum use rights and ensuring that trading
arrangements aren't aigtompetitive. Governments need to implement appropriate and

effective method$or managing notification requests of range trading agreements.

During the interviews | found out that that some spectrum is offered to low end
operators for subsidized price hence there is some risk for the high end operator to
acquirethis subsidized sctrumand make profit out of it. TRCSL should carefully
monitor this and need to encourage genuine spectrum trades only. Also they should
maintain the right balance between the leading and lower end operators otherwise the

market competition will collapse

But if the spectrum is used by another entity like TV broadcasters it can easily make
this trade and improve the broadband presence in the country. By trading both parties

get benefited hence some restrictions which have for spectrum release can be
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acconmodated easily with this trading strate@yt TRCSL intervention is necessary
at the beginning because once you give coverage it will be verytthhaedtore the
coverage if the spectrum need to be returned to the original owner.

5.3 Spectrum Licensing

As discussed earlier this has 3 dimensions.
1. Auction and cost of access
2. License obligations
3. Technology neutrality

5.3.1.1Auction and cost of access

During theprecommercialmobile era, spectrum allocation was done on following

three methods

1. First Come First Servedsiving license to the first applicant for it, if
that is the only one

2. Beauty contests: Asking applicants to make written requests for the
license, and allocating the licenses to those making the most convincing
case

3. Reserving particular entity: Speciallprf which there was excess

demand at a zero or negligible price (stimes referred to as lotteries)

But with the dawn of mobile technology tiaiction hasdisplaced earlier methods.
Here,licenses are awarded tioe highest bidders in the auction which gieted the

highest income to the government.

From the interview data | have summarized #dwantage®f using Auction as a
spectrum allocation mechanismiich is best suited for a developing country like Sri

Lanka.

More demand than available spectrum
Geneates substantial revenue for the state
Efficient spectrum usageln an auction, firms are betting on their ability to

make a profit on the license. If they over bid, they have deceived themselves,

89



and will pay the price. This should mean that licensed te go to those best
able to exploit them

1 Want a mechanism that is fair, transparent and robust (nmeddean legally
challenged yet)

1 TRCSL put licenseonditions andfilicense condition is not met TRCSL can
revoke the spectrum

But during the interviees | found that auctions is not the best approach to assign
spectrum in Sri Lanka. Becausden we analyze the past auction data we see that
there is high chance that only the leading operators bid a high value and acquire the
spectrum at any cost. Theyealooking for the future benefits of this spectrum and
often over value the spectrum. Hence the low end operators do not have a chance to
acquire spectrum through an auctidtence action should not be the only way of
spectrum allocation. Administrativéi@cation is encouraged to create fair grounds for

all operators. Auction should be used for demand management

To provide high quality, widespread and cheap mobile solutions, mobile operators
need predictable and affordable access to radio spectrum. Bpeciverage is a vital

input for a market that is flourishingsood spectrum pricing policiewvill improve

social and consumer welfare in developing nations. Policies that attempt to maximize
state revenues may have a negative impact susigl€ost brodband packagesnd
reducedhetwork investmentOn average, between 2010 &@ll7, spectrum prices in
developing markets werthree timeanore than theleveloped countriefRegulators

and governments play tal part in increasing spectrum costs. Includuhigectly

setting high closing rates, placing high aucticeserve pricesrestriction the
distribution of spectrumA study by GSMA, discovered moderatserveprices in
developing nations were greater than five times those of developed nations over the
period considered, after income levels are taken into consider@mvernments
appear to be driving these higher prices to maximize state revenues, especially when

they are highly indebted or face challenges in accessing financial markets.
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Although high profits from spectrum assignments increase public capital to help
facilitate short term public sector fiscal pressures, there can be significant effects for
the mobile broadband marketwith mobile services that are much maxpensive,

lower quality. This prevents societies from using technology to accelerate

development and cripples the evolution of the matmiteadband

High spectrum prices in developing countries are linked to more expensive, lower
guality mobile broadbahservicesFrom the figure 5.25 we can clearly see the DL and

UL speeds gets reduced when the spectrum access cost increases.
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The situation is same in Sri Lanka and fueled more due to the severe competition in
the telecom markefAs a nation who is struggling with lot of debts, the government
use the spectrum to attract short term cash to the economy. Hence we must be very
careful at least in future because the higher price will ultimately hinder the broadband
investment and quality in the long run.

This will be crucial in the 5G spectrum award scenario because since the 5G spectrum
is planned touse a higher frequency ban@ band) the operators need more sites
compared to the traditional 4G network deployment. Hence high spectrum price on 5G
can lead to @ unhealthy balance in the 5G total eco systémam the operator

interviews they highlighted the need of subsidized guc&G spectrum.

5.3.1.2License obligations

Accreditation Governments impose obligations on licensees targeted at achieving
policy objectives that are specific. These may include obligations relating to universal
accessibility, such as coverage aetdvice commitments.

In Choosing whether to impose such obligations, licepauthorities should consider:

1 The berfits and costs of these duties

1 Whether there are less costlgams to achieve the objectives.

Whether There's a different regulatory obligation required to support universal
availability goals will be determined by the market circumstances. Contest frequently
compels the access to cheap mobile services given that policy and cost are key

elements tat operators try to gain a competéiedge over their competitors.
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Stringent Coverage or service demands carry risks. Obligations may induce operators
to deploy networks and services quicker than commercially or economically practical
way. By way of insince, this might arise where technology is still in an early phase
with a number of technical flaws remaining or where equipment costs are
comparatively high before more widespread worldwide 4gkeObligations may
additionally induce operators to incarskes (e.g. by deploying systems in advance of
adequate demand for those services) which can cause financial issues particularly for
entrantswithout recognized cash flows.

Some Authorities have sought alternative ways to ensure accessibility in r@sl are
while avoiding ineffectivenetwork duplication as follows,

1 The German regulator imposedsharedresponsibility on all operators that
acquired 800 MHz to organize to ensure coverage in rural regionsebefo
rolling out to urban regions

1 800 MHz licenses in Sweden included an obligation to provide broadband to

places Currently lacking access to other types of broadband.

During my interviews | found TRCSL alsllows the globallicense obligations

during spectrum awards,
1. Coverage targets with spectrum
2. QOS targets with spectrum
3. Broadband Volume
4. New technology targetsith spectrum
5. Number of sites deployed with the new spectrum

During the investigation | found that operators are not adhering the coverage targets
to the maximum level. They are specifying two parameters as population and
geographic coverage percentagat Bie rural markeis ignored to some extedtie to

the low ROI. This can be economically achieved in the operator’s Sub 1 GHz
broadband deployments. Hence in the sub 1GHz spectrum release special attention
should be given for the rural market coverageamsion. With that we can come close

to the universal coverage targets.
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5.3.1.3Technology neutrality

Technologyneutralspectrum licensing is broadly considegesiabest practice when
assigning spectrum to cellular operators. It empowers mobile operatordatonre
spectrum used for GSM (2G) or 3G to 4G andd&gGording to the market demand

This maximizes spectral performance in a specialized sense and maximizes efficient
utilization of spectrum. Because of this, users benefit from greaibile broadband
policy, with higherdata rates and lower mobile dataces.Additionally, whenever

the newtechnologies come, the previous technology gets underutilized hence that the
operator is forced to put new technology at the present spectrum bands.
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Figure5.27: Global connections by technology
Source: The Mobile Economy Report, GSMA
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The spectral efficiency of 4G combined with MIMO is such thaarening 850 MHz

or 900 MHz spectrum from 2G to 4G with 4x4MIMO delivers afd@/d increase in
mobile data capacity. For 1800 MHz, where higher orders of MIMO could be
deployed, moving fron&SM to 4G delivers a bits/Hz improvement of up to 26 times.
Hence technology neutrality plays a key raoleen formulating policy, pricing and

technical requirements fonobile spectrum licenses.

Spectrunre-farmingwill push the technology from lega@¢/3G tolatest4G andsG
technologieswvhich delivers significant benefits concerning spectral efficiency and
effective use of spectrum. Thus, telecoms regulators should take action to make all

spectrum licenses technologgutral

From the analysis | found @hSri Lanka don’t have technology neutrality in the
spectrum bands. The operators have to pay a capex amount in order to change the
technology in the current spectrum portfolithis has created a big hurdle to the
operators specially the low end ones wiikey try to deploy a new technology like

LTE from their exiting bands. Hence this is must to foster the innovation in the Sri

Lankan mobile broadband market.
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6. CONCLUSION

The main objective of this research project is to prepare a policy framewmdbtie
broadband spectrum management for Sri Lardféer gathering data from the
interviews of all parties my final policy suggestions are as follows.
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Table6.1: Mobile Broadband spectruRolicy recommendation

SPECTRUM
PLANNING

Band plan
harmonization

All spectrum allocation should be done by harmonized bands by
and regional body APT

Pros

1.All spectrum bands will be free fromterference with
different technologies

2.Cost of equipment in the total ecosystem will go do
due to economies of scale

Extended GSM 900 to be converted to L850 to eliminate Indian

Pros
GSM 900 inteference to Airtel and Mobitel will be

_Crossborder ducting interference cleared
interference Regional level harmonization is mandatory to eliminate the Pros
interference Regional level interference will be eliminated
All mobile operators should deploy Sub 1GHz broadband using L| Pros
900/850 technologies to increase the rural market Broadband 1.Rural BB penetration will be dramatically improved
penetration 2. Good economical BB model will be maintained
Pros

Spectrum road
map

Quick adoption to the LTE 700 for universal access in Sri Lanka

Universal BB penetration in the whole country with hig
capacity

2.3/2.6 GHz should be released for mobile broadband for dense
capacity requirement

Pros
Will fill the future BB capacity demand in the future

5G spectrum allocation enhanced Broadbasidbllows

1. Coverage and Capacity Layer: Sub6lGHz--> C band (3.3 3.8
GHz). This is to be released on urgent basis.

2. Coverage layer for mMTC, eMBB, URLLC: Sub 2 GHz This is
for massive 10T and Ultra reliable/Low latency applications.
Operatas can be given the freedom tefeem the existing spectrum
for this purpose

3. Super data layer: Above 6 GHz mm wave in 28,40,681 GHz.
This one to release when 5G network capacity is matured in SL

Pros

1.Early release of the spectrum will enable $imooth
5G deployment and customer migration in the country
2. a good 5G network in the country will increase the
process automation and increase efficiency in the
economy

3. Many new services will be introduced over 5G whig
will have a positive impadh the country
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SPECTRUM
MANAGEMENT

Always use the highest technology for Broadband.

. . L Pros
Sf[?li::et:]ucr;\ Spectrum should be continuous to maximize the utilization Spectrum efficiency will be increased whic
Should remove the demarcation of mobile and fixed wireless broad IS mardaory due to the nature of its scay
and allow 2.3/2.6 GHz to be used by both parties
- Spectrum sharing for low end operators shdngchllowed to
Spectrum maximize the utilization Pros
pec - TV white spacing technology should be allowed for mobile operat{ Underutilized spectrum will be allowed
Sharing . . )
- LSA should be allowed for mobile operators use for maximum benefit
- Cognitive radio technologies should be encouraged to use
Pros
Underutilized spectrum will be allowed to
Spectrum use for maximum benefit
Trpa ding - Spectrum trading to be allowed with the guidance of regulator Cons

Spectrum gap between strong and weak
operators aaincrease and reduce the mark
competition
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SPECTRUM
LICENSING

Auction is not entirely suitable for Sri Lanka. Need to have
balance with administratevzassignment and auction allocati

Pros
Spectrum distribution between operators becomes fair
foster good competitive environment

Auctions and cosi

Need to bring down the high cost in spectrum pricing

Pros
Cost will down in the total ecosystem of BB which

of access includes he customer BB
Pros
. - Becomes of the high frequency spectrum plan the nun
1[\I0?eod ;?actgrssmer the 5G spectrum award for subsidized p of sites in the network in 5G will increase hence the
P subsidized spectrum will bring down the cost ofto@l
ecosystem
L . Pros
Careful monitoring system to introduce to check whether 1 Ensures the given spectrum is utilized effectively to
, operators are meeting the license obligations b . 9 P y
License enefit the citizens of the country
obligations _ . . Pros
Special aftetion should be given for rural market broadbar Increase the BB penetration in the rural market where
penetration enhancement
operators have a low ROI
Pros
Technolo 1. Increase thepgctrum efficiency
Neutralitygy All spectrum bands should make technology neutral 2. Makes the operators become innovative

3. New technologies are deployed without any delays
benefiting the customers

Source: Author
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6.1 Further Research Opportunities

There are few opportunities can be identified to coetithis research in future to

fulfill all the regulatory aspects related to broadbapelctrum managemei8ince this
research is focused only to the mobile broadband, it is possible to do a same kind of
research for the fixedired networksand 10T technalgiesbased on the conclusion
made in this thesis. The broadband technologies are growing in a rapid way according
to the data requirement in the modern world and the networks are also expanded
quickly by the operators to face the competeriderefore,it is essential to do the
researches to find thehat should be included and excluded to the broadband policy
in the future.
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Appendix A: Survey Responses

Survey Response 01

Resource Person : Manager- Radio Planningind Optimization
Company : Mobitel PVT LTD

Band plan harmonization

1. Do you thing Spectrum bands should be harmonized at international and
regional levels? Please state the importance of this in the Sri Lankan context?

Yes, we should uséTU harmonized bands for mobile broadband and it should
again be harmonized the regional level from APT.

2. How cost is effected by band harmonization?
When we harmonize the scale increases and the cost per network equipment and
devices gets reduced.

3. Is there any correlation to cross border interference?
If we don’t harmonize regionally unwanted interference can effeMobitel’ s
Extended GSM 900 has an interference with the LTE 850 operator in India. The
interference is happening due the ducting effect on the Indi@n Lanka sea

border and it effects seasonally.

Cross-border interference

4. What is theimpact of cross border interference?
When we have cross border interference we can get unwanted interference between
operator’s which hampers the QOS of the customers. Normally if this occurs we
need to

5. What is the effect of this toQuality of service?
Since the interferences effects our GSM 900 UL the main KPIs drastically get

effected.

. Voice call and Signaling session drops (TCH and SDCCH)
. SMS and SMS related application (e.g. reloads, activation) failures

. Voice quality degadation

102



Poor accessibility due to inability to decode signaling channels

Handover failures

6. What are the steps need to take to minimize this in Sri Lanka?

Bandharmonization in the regional level is mandatory to minimize this effect.

Spectrum road map

7. Does TRCSL need to have a Spectrum Road map&s

8. How soon this plan need to executedBefore 3-5 years tahe new technology

launch.
. What is the importance of this? To keep Sri Lanka up to date with global

deployments

10.What is the importance of sub 1GHz fequency band in the broadband

domain?

Sri Lanka is a leading position in terms of 2G/3G/4G/5G deployments globally.
SriLanka’ mobile penetration is more than 100% but internet penetration is around
35%. Since Sri Lanka has a majority of population inrtlral segmentThe most
economical way to increase penetration in this segment is Sub 1GHz broadband

availability.

11.How the spectrum bands should be planned to cater the broadband coverage

and capacity in the Rural, Sub urban and Urban areasMigh band (1- 6 GHz)

for capacity and below sub 1GHz for rural market

12.What other steps can be taken to increase the amount of commercially

available spectrum for mobile broadband?

Currently LTE is the dominant broadband volume driver hence it is critical to
introducea capacity LTE band to support the growing demand. Eg: 2.3/2.6/2.1
GHz

13.How soon 5G technology should be deployed in Sri Lanka?

Commercial deployment should start on 2020 and customer migration to 5G
should be mandated by 2022.

14.What are spectrum bands usedor 5G now and future? C band(3.3-3.8 GHz)

/ mm Waveabove 28 GHz

Spectrum efficiency
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15.What should be done to encourage efficient use of spectrum by TRCSL?
- Spectrum allocation should be contiguous and TRC should advocate spectrum
contiguity in an event adperator merger.
- Spectrum should be used for technology with highest benefit Eg: LTE over
CDMA, LTE over analog TV.
16.What is the advantage of having a continues spectrum for single operator?
- Operator CAPEX requirement per site is reduced. This result ane m
aggressive CAPEX expansions.
- High speeds for users
17.Does the technologyavea relationship with spectrum efficiency?
Yes

Spectrum Sharing

18.What is the use case for spectrum sharing?

- Small players in the market can make use of spectrum sharing to provide
technology competition to large players which will help to avoid monopoly in
the telecom market.

- Technologies with low spectrum efficiency can be shared within minimal
spectrum making way for better technologies witbre spectrum efficiency.

Eg: combinel800 bands to pave way for LTE
19.What do see the benefits of Licensed Shared Access(LSAes
20.How to we share the spectrum assigned for different services? Eg: TV White
Spacing?As an intermediate step this option is ideal for rural broadband until
digital TV migration is completed.
21.What is the future in Cognitive Radio Technologies?
We have deployed cloud radio features on this category. Also if we had continuous

spectrum we can ushis feature more efficiently.

Spectrum Trading

22.What are the benefits of spctrum trading?
This is good approach in terms of business but should be strongly regulated
because this could lead to monopolistic behavior of large operators in Sri Lanka

23.Can it use to increase the spectrum utilization?
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Yes.

Auctions and cost of access

24.1s auction the best way to release spectrum?
Auction should not be the only way of spectrum allocation. Administrative
allocation is encouraged to create fair grounds for all operators. Auction should be
used for demand management
25.What is your perception alout spectrum cost in Sri Lanka?
It is very high compared to developed countries. Base prices should be re
considered allowing all operators to participate in competitive bidding by TRCSL
26.Do we have enough consultation with mobile operators and other
stakeholders?
Yes, but encouraged to factor in the global and local market trends.
27.Does Auction need to be fair and transparent to all stakeholders?
Yes

License obligations

28.What are the coverage targets with new spectrum?
Coverage target shild be set on a timee allocating for business take up

29.What are the QOS targets with new spectrum?
Global and regional benchmark values should be used. The QOS target need to be
normalized with ARPU.

30.What are the new technology targets with new spectrum?

The technology tde used with the new spectrum release

31.What are the conditions in the license renewal process?
- Coverage targets with spectrum
- QOS targets with spectrum
- New technology targets with spectrum
- Number of sites deployed with the new spectrum

Technology Neutrality

32.1s spectrum should be free from Technology?
Yes

33.How this effects to new technology deployments?
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When new technology coméke older technology usage decreases. Hence the
utilized spectrum should be used for new technologies without any barriers EQ:
Refarming GSM 1800 spectrum for LTE band 3 deployments

34.How does this promote innovation in the market?
When the spectrum restriction is removed operator can innovate and introduced

new technologies without any delays.
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Survey Response 02

Resource Person : Senior Manager Radio Planningind Optimization
Company : Dialog Axiata

Band plan harmonization

1. Do you thing Spectrum bands should be harmonized at international and
regional levels? Please state the importance of this in the Sri Laak

context?

Yes, it should be harmonized in the global and regional level. Also he pointed out
that among the local operator bands should be harmonized to minimize the
interference

2. How cost is effected by band harmonization?
Through economies of scale theces get reduced
3. Is there any correlation to cross border interference?

Yes. When the band is not harmonized we can get interferences.

Cross-border interference

4. What is theimpact of cross border interference?

There is an interference to our Dialog 2B GHz TDD system from Indian 2.3

GHz LTE operator Reliance Jio. The band 2.3 uses TDD technology to separate
DL and UL. Depending on the traffic demand the DL and UL slot interval changes.
The interference is coming to Dialog because the Indian openadoDialog uses

two different slot interval configuration in the 2.3 GHz LTE band. Hence as
explained earlier due to the ducting effect Indian DL can have an interference to

Dialog UL seasonally.
5. What is the effect of this to Quality of service?

Since theinterference happens to our UL. The QOS of our LTE fixed broadband
network drops drastically. Many complaints are present and we are unable to

restore their services.
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6. What are the steps need to take to minimize this in Sri Lanka?
Band harmonizatiois a nust. Also with the TDD systems there should be separate
standards to mitigate the interference between DL and UL for different operators.

Spectrum road map

7. Does TRCSL need to have a Spectrum Road magpzs
8. How soon this plan need to executed®t least befoe 2 years
9. What is the importance of this? The new technology adoption can be
delayed.
10.What is the importance of sub 1GHz frequency band in the broadband
domain?
This is must to cover the rural broadband market. We hafsrmeed from GSM
900 and allocatedlMHz LTE. This BW is limited and can’t cater the total demand.
TRCSL should take actions to release more spectrum in sub 1GHz domain.700
LTE should be expedited.
11.How the spectrum bands should be planned to cater the broadband
coverage and capacity in tk Rural, Sub urban and Urban areas?
High band (1- 6 GHz) for capacity and below sub 1GHz for rural market
Also he pointed out that PIM should be taken in to account when spectrum is
divided between operators. This is critical when IBS sites are dejpladyere the
RF signal are transmitted through a shared antenna system.
12.What other steps can be taken to increase the amount of commercially
available spectrum for mobile broadband?
With the high broadband growth LTE 1800 carrier is getting heavily coed)ést
the near future. Hence the 2.6/2.3 GHz spectrum should be allocateubiie
operators also.
13.How soon 5G technology should be deployed in Sri Lanka?
Commercial deployment should start on 2020
14.What are spectrum bands used for 5G now and future?
- Chband (3.33.8 GHz)
- mm Wave above 280/66/71GHz

Spectrum efficiency
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15.What should be done to encourage efficient use of spectrum by TRCSL?

- Spectrum allocation should be contiguous

16. What is the advantage of having a continues spectrum for single operator?
Can deliver high speeds to consumers. Spectruiraneing can be efficiently
used.

17.Does the technology have a relationship with spectrum efficiency?

Yes Higher technology has higher spectral efficienstill we are using analog

TV for broadcast purposeshieh is a very inefficient technology which consumes

larger BW. If we convert to digital TV we need very less BW with high quality.

Spectrum Sharing

18.What is the use case for spectrum sharing?

- Spectrum is efficiently utilized.

- Sri Lankan community can beritediltra-high speed internet

- Promotes innovation

19.What do see the benefits of Licensed Shared Access(LSAVi-Fi can be
used to load balance the LTE traffic in the hot spot areas in dense urban
segment.

20.How to we share the spectrum assigned for different sgces? Eg: TV
White Spacing?This is a good suggestion to give rurabédband service.
Also since the delay of digital TV conversion.

21.What is the future in Cognitive Radio Technologies?

Good technology research is still ongoing. But we have deployed fatures in

both GSM 1800 and LTE both which allocates more BW to LTE when the GSM

traffic is low.

Spectrum Trading

22.What are the benefits of spectrum trading?

Spectrum should be free from regulation as much as possible. With spectrum
trading we can havbenefits to both seller and the buyer.

23.Can it use to increase the spectrum utilization?

Yes, definitely
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Auctions and cost of access

24.1s auction the best way to release spectrum?

Auction is one of the best ways to allocate resources which have over d&uand.

it should not be the only way of awarding spectrum

25.What is your perception about spectrum cost in Sri Lanka?

Prices are very high compared to develop countries. When the operator pays a

premium price we need to pass that to the end customer. Heigaat a

sustainable model. 5G on the way TRCSL should allocate the spectrum in a

subsidize manner.

26.Do we have enough consultation with mobile operators and other
stakeholders?

No

27.Does Auction need to be fair and transparent to all stakeholders?

Yes But ©me spectrum is allocated in an administrative manner to some operators

ignoring the market dynamics.

License obligations

28.What are the coverage targets with new spectrum?
- Population penetration
- Geographic penetration
29.What are the QOS targets with new spectim?
DL&UL Speeds/Latency etc.
30.What are the new technology targets with new spectrum?
New technology deployed site count vs district should be mentioned.
31.What are the conditions in the license renewal process?
- Coverage targets with spectrum

- QOS targets wh spectrum

Technology Neutrality

32.1s spectrum should be free from Technology?
Yes

33.How this effects to new technology deployments?
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New technology deployments can be deployed with minimum time to market.

34.How does this promote innovation in the market?

When the operator is free from technology they can innovate and deploy

technologes according to market demand.
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Survey Response 03

Resource Person : Manager- Radio Planning
Company : Hutch/Etisalat

Band plan harmonization

1. Do you thing Spectrum bands should be harmonized at international and
regional levels? Please state the importance of this in the Sri Lankan

context?

Yes. We are a developing country hence we should ideally our investment can be
of costly. We need to lower both our CAPBXd OPEX cost structures. Hence we

should get the harmonized bands to minimize the cost structure.
Also for roaming requirement bands should be harmonized.

2. How cost is effected by band harmonization?
When the band get harmonized the use scale gets high will reduce the unit
cost.

3. Is there any correlation to cross border interference?

Yes.When we use harmonized bands we can minimize the interfe@oaptries

wise regulators should have close relationship

Cross-border interference

4. What is theimpact of cross border interference?
When the bands are not harmonized we can get unwanted interferences across
the borders. Also whetine operators are from different natioriss very hard
to troubleshoot the interference.
5. What is the effect of this to Qualilyy of service?
When there is an interference happens QOS gets drastically reduced.
6. What are the steps need to take to minimize this in Sri Lanka?
We must use the harmonized bands as much as possible. Also we should keep a
close eye on the Asian giants oflia and China since those two make a huge

contribution for the band harmonization.
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Spectrum road map

7. Does TRCSL need to have a Spectrum Road mapi
8. How soon this plan need to executed®hen the standard$TU/3GGP)get
finalized spectrum should be relea@sASAP.
9. What is the importance of this?Existing spectrumneed to be considered
when introducing new technology
10.What is the importance of sub 1GHz frequency band in the broadband
domain?
This is critical for rural broadband. We are now combining both fatwl
Etisalat 900 spectrum and carrying ouffaeming activity to release 3 MHz
for LTE broadband rural deployments.
11.How the spectrum bands should be planned to cater the broadband
coverage and capacity in the Rural, Sub urban and Urban areas?
Rural- Sub 1GHz- High coverage/ Low Capacity
Urban- 1.8/2.1 GHz- High capacity
Dense Urban 1.8/2.1/2.3/2.6 GHz Ultra high capacity
12.What other steps can be taken to increase the amount of commercially
available spectrum for mobile broadband?
Fixed and mobé demarcation can be removed to allocate more spectrum for
mobile BB which has the highest demand than fixed wireless BB.
13.How soon 5G technology should be deployed in Sri Lanka?
5G deployment is not matured in the global scale. The device eco system is
also still not ready. Hence we must start this on 2021.
14.What are spectrum bands used for 5G now and future?
- C band (3.383.8 GHz) — This is the ideal band to start the 5G
deployment because of coverage requirement

- mm Wave- As a super data layer

Spectrum efficiency

15.What should be done to encourage efficient use of spectrum by TRCSL?
- Use of spectrum efficient new technologies.

16.What is the advantage of having a continues spectrum for single operator?
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Spectrum rdraming can belone easily. Spectrum efficiency high.Can use
single RRUs for multi technologies. This saves both Capex and Opex. Eg: 1800
GSM and LTE 1800 in one RRU.

17.Does the technology have a relationship with spectrum efficiency?

Yes. Higher technology has higher spectral efficiency.

Spectrum Shaing

18.What is the use case for spectrum sharing?

- Spectrunefficiency is increased

- Underutilizeareas spectrum can be shared with other operators

19.What do see the benefits of Licensed Shared Access(DSAVi-Fiand LTE
Can be both share the traffic in hobspreas in Sri Lanka.

20.How to we share the spectrum assigned for different services? Eg: TV
White Spacing?Some spectrum used for other technologies arefficiently
used. Eg: 700 MHz use for broadcast TV is using analog TV which is not
efficient
Also TV spectrunmeed to be continuous and align so that some spectrum can
be released for BB.

21.What is the future in Cognitive Radio Technologies?
We are testing cloud air features for simultaneous operations of GSM 1800 and
LTE 1800

Spectrum Trading

22.What are the benefits of spectrum trading?
Spectrum should be free from regulation as much as possible. With spectrum

trading we can have benefits to both seller and the buyer.

23.Can it use to increase the spectrum utilization?

Yes, definitely

Auctions and cost of acess

24.1s auction the best way to release spectrum?
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Small player like us don’t have a chance in an Auction. Hence TRCSL must

consider a fair playing ground bsn administrative approach in spectrum

allocation There sould have a basgpectrumallocation toall operatorsand the

rest of the spectrum can be auctioned according to the demand.

25.What is your perception about spectrum cost in Sri Lanka?

Spectrum price is very high. Especially if it comes under an auction the price gets

multiplied by 2 or 3 times # base priceHigh price gets transfer to the end

customer henceot sustainable model.

26.Do we have enough consultation with mobile operators and other
stakeholders?

No

27.Does Auction need to be fair and transparent to all stakeholders?

Yes

License obligatiors

28.What are the coverage targets with new spectrum?
- Minimum coverage percentage
29.What are the QOS targets with new spectrum?
Standard QOS KPlIs
30.What are the new technology targets with new spectrum?
New technology deployed site count vs district should betiowed.
31.What are the conditions in the license renewal process?
- Coverage targets with spectrum
- QOS targets with spectrum
- Should not misuse the spectrum

Technology Neutrality

32.Is spectrum should be free from Technology?
Yes

33.How this effects to new technolog deployments?
Fast deployment of new technologies

34.How does this promote innovation in the market?

Operator is free to trial and deploy technologies to the market
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Survey Response 04

Resource Person : Senior Manager Radio Planningind Optimization
Compalty : Bharati Airtel Lanka

Band plan harmonization

1. Do you thing Spectrum bands should be harmonized at international and
regional levels? Please state the importance of this in the Sri Lankan

context?

Yes. When the spectrum gets harmonized cost is redagdalso reduce the

possible interferences between operators.

2. How cost is effected by band harmonization?
Due to economies of scale cost is reduced.

3. Is there any correlation to cross border interference?

Yes.We have a severe interference from the In@&@ LTE operatorTheir DL
gets coincide with out GSM 900 UL. Due to this we have dimensioned our network
from 1800 MHz frequency. This has severely affected our profitability because our

CAPEX and OPEX is very high compared to other operators.

Cross-border interference

4. What is theimpact of cross border interference?
When the bands are not harmonized we can get unwanted interferences across
the bordersOur GSM900 interference is a classic example for this scenario

5. What is the effect of this to Quality ofservice?
Our GSM 900 voice network QOS severely downgraded during the
interference

6. What are the steps need to take to minimize this in Sri Lanka?

We must use the harmonized bands as much as po3$fl&L should coordinate

with the Indian regulators andhould take necessary steps to mitigate this

interference

Spectrum road map
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7. Does TRCSL need to have a Spectrum Road mapi

8. How soon this plan need to executedWhen the standards get finalized
spectrum should be released ASAP.

9. What is the importance of his? If we delay this new technology deployment
will be delayed

10.What is the importance of sub 1GHz frequency band in the broadband
domain?
This is critical for rural broadban@ut we don’t have any spectrum to deploy
this. Our current 900 spectrutrasonly 5 MHz which cannot be further
reduced for LTE

11.How the spectrum bands should be planned to cater the broadband
coverage and capacity in the Rural, Sub urban and Urban areas?
Rural- Sub1GHz
Urban-1.8/2.1 GHz
Dense Urban 1.8/2.1/2.3/2.6 GHz

12.What other steps can be taken to increase the amount of commercially
available spectrum for mobile broadband?
Fixed and mobile demarcation can be removed to allocate more spectrum for
mobile BB Since we don’t have a LTE band. If the TRCSL allocate some
spectrum in the 2.6GHz band, we are ready to deploy LTE in that band.

13.How soon 5G technology should be deployed in Sri Lanka?
5G deployment is not matured in the global scale. The device eco system is
also still not ready.

14.What are spectrum bands used for 5G na and future?

- Cband (3.33.8 GHz)

- mm Wave- As a super data layer

Spectrum efficiency

15.What should be done to encourage efficient use of spectrum by TRCSL?

- Use of spectrum efficient new technologies.

16.What is the advantage of having a continues spectrunoif single operator?
Spectrum rdraming can be done easily.

17.Does the technology have a relationship with spectrum efficiency?
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Yes. Higher technology has higher spectral efficiency.

Spectrum Sharing

18.What is the use case for spectrum sharing?

- Spectrum eftiiency is increased.

- Small operators need to have the flexibility to share their spectrum and give
completion to the market leaders.

19.What do see the benefits of Licensed Shared Access(LUSASpectrum
utilization can be increased

20.How to we share the spectrm assigned for different services? Eg: TV
White Spacing?700 MHz spectrum is ideal for universal broadband service
in Sri Lanka.TRCSL should speed up the digital TV conversion

21.What is the future in Cognitive Radio Technologies?
There are some new featuraesthe 3GGP releaseshich supports spectrum

sharing concepts like this.

Spectrum Trading

22.What are the benefits of spectrum trading?

Since there is a severe scarcity in the spectrum. TRCSL should consider giving
spectrum from other services.

23.Can it use D increase the spectrum utilization?

Yes

Auctions and cost of access

24.1s auction the best way to release spectrum?
Small player like us don’t have a chance in an Auction. Hence TRCSL must
consider a fair playing grourtd all operators otherwise the gapveeéen the big

and small players will increase.
25.What is your perception about spectrum cost in Sri Lanka?

Spectrum price is very higRrices should make low for developing countries like
Sri Lanka.
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26.Do we have enough consultation with mobile operators and ttwer
stakeholders?

No

27.Does Auction need to be fair and transparent to all stakeholders?

Yes

License obligations

28.What are the coverage targets with new spectrum?
- Coverage targets should be based on the target market of the business plan
29.What are the QOS tamgets with new spectrum?
Population/Geographic coverage%,
30.What are the new technology targets with new spectrum?
New technology deployed site count
31.What are the conditions in the license renewal process?
- Coverage targets with spectrum
- QOS targets with spe&rum

Technology Neutrality

32.Is spectrum should be free from Technology?
Yes

33.How this effects to new technology deployments?
Fast deployment of new technologies

34.How does this promote innovation in the market?

Operator is free to trial and deploy technoésgiccording to market demand
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Survey Response 05

Resource Person : Deputy Director- Spectrum Management
Company : TRCSL

Band plan harmonization

1. Do you thing Spectrum bands should be harmonized at international and
regional levels? Please state thinportance of this in the Sri Lankan

context?
Yes. When the spectrum gets harmonized andtinterference both gets reduced.

2. How cost is effected by band harmonization?
Due to economies of scale cost is reduced.

3. Is there any correlation to cross bordelinterference?

Yes.We have one case for Mobitel and Airtel where the Sri Lankan E GSM 900
band gets interfered from the Indian LTE 850 band. This interference is mainly
happening in the northern part of Sri Lanka. During the GSM release there was a
civil war going in the northern part hence this issue was not addressed at the initial

stage. This has resulted regional harmonization conflict.

Cross-border interference

4. What is theimpact of cross border interference?
When the bands are not harmonized we atrugwanted interferences across
the borders.
5. What is the effect of this to Quality of service?
QOS will drastically drop
6. What are the steps need to take to minimize this in Sri Lanka?
We must use the harmonized bagdtsbally and regionally as much assgible.
Also we must have a close tie and harmonized with the regional giants like India
and China because their deployments plans have a big impact to the total South

Asian region.

Spectrum road map
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7.
8.

10.

11.

12.

13.

14.

Does TRCSL need to have a Spectrum Road mapyzs
How som this plan need to executed®hen thelTU/3GGP standards get
finalizedand need to wait for the correct demand. If we release the spectrum
soon the total ecosystems will collapse. But need to have the right balance. Too
much of delay can become a big pesb
What is the importance of this?If we delay this new technology deployment
will be delayed
What is the importance of sub 1GHz frequency band in the broadband
domain?
This is critical for rural broadbandur plans are to give all the mobile
operators taleast 3MHz of sub 1 GHz band from 900/850 bands. The only
operator who does not have plans is Airtel and we are checking possibility of
accommodating it to them.
How the spectrum bands should be planned to cater the broadband
coverage and capacity in thékural, Sub urban and Urban areas?
Rural- Sub 1GHz
Urban-1.8/2.1 GHz
Dense Urban 1.8/2.1/2.6 GHz
What other steps can be taken to increase the amount of commercially
available spectrum for mobile broadband?
We are now working with operators tdease some spectrum for mobile BB.
Further information cannot be provided.
How soon 5G technology should be deployed in Sri Lanka?
We have given trial licenses to Mobitel and Dialog in C band and commercial
spectrum release is WIP
What are spectrum bandsused for 5G now and future?

- C band (3.83.8 GHz)- Initially we are planning to release from this

band
- 2.6 GHz- We have vacant spectrum in this band. We are checking the
possibility of releasing this spectrum to 5G as a coverage band.

- mm Wave- This will be given later
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Spectrum efficiency

15. What should be done to encourage efficient use of spectrum by TRCSL?

- Use of spectrum efficient new technologies.

16.What is the advantage of having a continues spectrum for single operator?
Spectrum rdraming can be doneasily.

17.Does the technology have a relationship with spectrum efficiency?

Yes. Higher technology has higher spectral efficiency.

Spectrum Sharing

18.What is the use case for spectrum sharing?
We can’t allow this for big operators but for small players,spectrum sharing
has some way forward.

19.What do see the benefits of Licensed Shared Access(LU®ASpectrum
utilization can be increased

20.How to we share the spectrum assigned for different services? Eg: TV
White Spacing?This is stuck with the Digital TV convdos. This spectrum
will not be released any time sooner.

21.What is the future in Cognitive Radio Technologies?

Operators are encouraged to use these within their licensed spectrum limits

Spectrum Trading

22.What are the benefits of spectrum trading?

This is notideal for a country like Sri Lanka. If walow this big playemwill get
more spectrum from the small players and the competitionmedlice

23.Can it use to increase the spectrum utilization?

Yes

Auctions and cost of access

24.1s auction the best way to relase spectrum?

TRCSL must consider a fair playing ground to all operators otherwise the gap
between the big and small players will incredsence we will initially allocate a
base spectrum for all the operators. Further spectrum will be allocated through

auctions with the market demand.

122



25.What is your perception about spectrum cost in Sri Lanka?

Spectrum price is gazette in the parliament. We are following

26.Do we have enough consultation with mobile operators and other
stakeholders?

Yes, thorough consultatioof all parties are taken before a decision is made.

27.Does Auction need to be fair and transparent to all stakeholders?

Yes

License obligations

28.What are the coverage targets with new spectrum?
- Population coverage %
- Rural coverage %
29.What are the QOS targetswith new spectrum?
Standard KPIs
30.What are the new technology targets with new spectrum?
- New technology deployed site cow# District
- Rural BB penetration
31.What are the conditions in the license renewal process?
- Coverage targets with spectrum
- QOS targetsvith spectrum
- Broadband Volume
- New technology targets with spectrum

- Number of sites deployed with the new spectrum

Technology Neutrality

32.1s spectrum should be free from Technology?

Should be yes, but due to current market completion operators can ¢hange
technology in a spectrum by investing etimae payment and getting the approval
from TRCSL

33.How this effects to new technology deployments?

Fast deployment of new technologies

34.How does this promote innovation in the market?

Operator is free to trial @deploy technologies according to market demand
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Survey Response 06

Resource Person : Manager RF Service Department
Company : Huawei technologiesanka company pvt Itd

Band plan harmonization

1. Do you thing Spectrum bands should be harmonized at internathal and
regional levels? Please state the importance of this in the Sri Lankan

context?

Yes, it should be harmonized in the global and regional level. We can smooth out
our supply and installation of the network equipment manufacturing prodfess.
can hae a right balance in the device and network ecosystem.

2. How cost is effected by band harmonization?

Through economies of scale the prices get redircdmbth device and network
equipment The operator gets the benefit of this.

3. Is there any correlation to doss border interference?

Yes. When the band is not harmonized we can get interferences.

Cross-border interference

4. What is theimpact of cross border interference?
This impact the network quality.

5. What is the effect of this to Quality of service?
When theinterference is present the QOS gets reduced and many customer
complaints comes.

6. What are the steps need to take to minimize this in Sri Lanka?

Band harmonization is a must.

Spectrum road map

7. Does TRCSL need to have a Spectrum Road map&s
8. How soon thisplan need to executedWhen the relevant standard gets

finalized.
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9. What is the importance of this?Since we are the equipment manufacturer we
need to take the risk and start the network equipment manufacturing. If the
spectrum release gets delayed it Wdimper the total ecosystem.

10.What is the importance of sub 1GHz frequency band in the broadband
domain?

This isidealto cover the rural broadband markehe low frequencies signal travel

far and have good in building coverage. This is a good economégatovcover

the rural segment which has low population density where do not need high

capacity.

11.How the spectrum bands should be planned to cater the broadband
coverage and capacity in the Rural, Sub urban and Urban areas?

High band (1- 6 GHz) for capaty and below sub 1GHz for rural market.

12.What other steps can be taken to increase the amount of commercially
available spectrum for mobile broadband?

With the high broadband growth LTE 1800 carrier is getting heavily congested in

the near future. Hencée¢ 2.6/2.3 GHz spectrum should be allocated to mobile

operators also.

13.How soon 5G technology should be deployed in Sri Lanka?

Commercial deployment should start on 2020

14.What are spectrum bands used for 5G now and future?

- Cband (3.33.8 GHz)
- mm Wave abve 2840 GHz

Spectrum efficiency

15.What should be done to encourage efficient use of spectrum by TRCSL?

- Spectrum allocation should be contiguous

16.What is the advantage of having a continues spectrum for single operator?
Can deliver high speeds to consum&sectrum rdraming can be efficiently

used.

17.Does the technology have a relationship with spectrum efficiency?

Yes. Higher technology has higher spectral efficiency.
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Spectrum Sharing

18.What is the use case for spectrum sharing?

- Spectrum is efficiently uzed.

- Promotes innovation

19.What do see the benefits of Licensed Shared Access(USANi-Fi can be
used to load balance the LTE traffic in the hot spot areas in dense urban
segment.

20.How to we share the spectrum assigned for different services? Eg: TV
White Spacing?This is a good suggestion to give rural broadband service.
Operators can have universal access through this spectrum band.

21.What is the future in Cognitive Radio Technologies?

We have many cloud air features in LTE which can simultaneously ustspe

for both LTE and GSM.

Spectrum Trading

22.What are the benefits of spectrum trading?

Spectrum should be free from regulation as much as possible. With spectrum
trading we can have benefits to both seller and the buyer.

23.Can it use to increase the speaim utilization?

Yes, definitely

Auctions and cost of access

24.1s auction the best way to release spectrum?

Auction is one of the best ways to allocate resources which have over demand. But

it should not be the only way of awarding spectrum

25.What is your perception about spectrum cost in Sri Lanka?

Prices are very high compared to develop countries. When the operator pays a

premium priceto spectrum his investing capability gets reduced for network

infrastructure which can be harmful in the long run.

26.Do we hawe enough consultation with mobile operators and other
stakeholders?

N/A
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27.Does Auction need to be fair and transparent to all stakeholders?
N/A

License obligations

28.What are the coverage targets with new spectrum?
- Population penetration
- Geographic penetratio
29.What are the QOS targets with new spectrum?
DL&UL Speeds/Latency etc.
30.What are the new technology targets with new spectrum?
New technology deployed site count vs district should be mentioned.
31.What are the conditions in the license renewal process?
- Coveage targets with spectrum
- QOS targets with spectrum

Technology Neutrality

32.1s spectrum should be free from Technology?

Yes

33.How this effects to new technology deployments?

New technology deployments can be deployed with minimum time to market.

34.How does ths promote innovation in the market?

When the operator is free from technology they can innovate and deploy

technologies according to market demand.
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Survey Response 07

Resource Person : Head- RF supply and delivery
Company : ZTE Lanka pvt Itd

Band plan harmonization

1. Do you thing Spectrum bands should be harmonized at international and
regional levels? Please state the importance of this in the Sri Lankan

context?

Yes, it should be harmonized in the global and regional |&Vel.can use the
economief scale and the price will be reduced to the total region. It is easy for
our future roadmaps. Eg: when the spectrums get harmonized we can plan the

future Hardware units with ease.

2. How cost is effected by band harmonization?

Through economies of scalket prices get reduced in both device and network
equipment.

3. Is there any correlation to cross border interference?

Yes. When the band is not harmonized we can get interferences.

Cross-border interference

4. What is theimpact of cross border interference?
This impact the network quality.
5. What is the effect of this to Quality of service?
When the interference is present the QOS gets reduced and many customer
complaints comes.
6. What are the steps need to take to minimize this in Sri Lanka?
Band harmonization i@ mustOperators within Sri Lanka need to get the band

harmonization. Then the interference effect is minimized

Spectrum road map

7. Does TRCSL need to have a Spectrum Road mapyes
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8. How soon this plan need to executedWhen the relevant standard gets
finalized.
9. What is the importance of this? The technologies can be deployed with
minimum time to market
10.What is the importance of sub 1GHz frequency band in the broadband
domain?
This is ideal to cover the rural broadband marke®ri Lanka. Also this is very
economical for operators. Eg: LTE 900 can be easily deployed using the same
RRUs for GSM. Hence additional network investment is minimized. Also operator
gets the benefit of covering more area from less number of sites.
11.How the spectrum bands should be pianed to cater the broadband
coverage and capacity in the Rural, Sub urban and Urban areas?
- Rural- Sub 1GHz
- Urban-1.8/2.1 GHz
- Dense Urban 1.8/2.1/2.6 GHz
12.What other steps can be taken to increase the amount of commercially
available spectrum for mdile broadband?
Some spectrum bands are still not released. Those can be released on urgent basis
for mobile broadband Eg: 2.6 GHz band for LTE
13.How soon 5G technology should be deployed in Sri Lanka?
Commercial deployment should start on 2020
14.What are spectrum bands used for 5G now and future?
- Cband (3.33.8 GHz)
- mm Wave above 28/40 GHz

Spectrum efficiency

15.What should be done to encourage efficient use of spectrum by TRCSL?

- Spectrum allocation should be contiguous

16.What is the advantage of having a astinues spectrum for single operator?
Can deliver high speeds to consumers. Spectruinan@ng can be efficiently

used.
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17.Does the technology have a relationship with spectrum efficiency?
Yes. Higher technology has higher spectral efficiency.

Spectrum Sharing

18.What is the use case for spectrum sharing?
- Spectrum is efficiently utilized.
- Promotes innovation
19. What do see the benefits of Licensed Shared Access(LSA
Spectrum utilization can be increased.
20.How to we share the spectrum assigned for different seces? Eg: TV
White Spacing?This is a good suggestion to give rural broadband service.
21.What is the future in Cognitive Radio Technologies?
many cloud air featuresre availablein LTE which the spectrumcan be
simultaneously for both LTE and GSM.

Spectum Trading

22.What are the benefits of spectrum trading?

Spectrum should be free from regulation as much as possible. With spectrum
trading we can have benefits to both seller and the buyer.

23.Can it use to increase the spectrum utilization?

Yes, definitely

Auctions and cost of access

24.1s auction the best way to release spectrum?

Auction is one of the best ways to allocate resources which have over demand. But
it should not be the only way of awarding spectrum

25.What is your perception about spectrum cost in Sri lanka?

Prices are very high compared to develop countries. When the operator pays a
premium price to spectrum his investing capability gets reduced for network

infrastructure which can be harmful in the long run.
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26.Do we have enough consultation with mobileoperators and other
stakeholders?

N/A

27.Does Auction need to be fair and transparent to all stakeholders?

N/A

License obligations

28.What are the coverage targets with new spectrum?
- Population penetration
- Geographic penetration
29.What are the QOS targets with newspectrum?
DL&UL Speeds/Latency etc.
30.What are the new technology targets with new spectrum?
New technology deployed site count vs district should be mentioned.
31.What are the conditions in the license renewal process?
- Coverage targets with spectrum

- QOS targts with spectrum

Technology Neutrality

32.Is spectrum should be free from Technology?

Yes

33.How this effects to new technology deployments?

New technology deployments can be deployed with minimum time to market.

34.How does this promote innovation in the market?

When the operator is free from technology they can innovate and deploy

technologies according to market demand.
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