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List of Acronymsand Abbreviations

List of Acronyms and Abbreviations

BBS The National Broadcasting Service of Bhutan

BICM Act Bhutan Broadcasting Information Communioas and Media Act
BIMA Bhutan Broadcast Infocomm and Media Authority

DTH Direct to Home Satellite Television Delivery

DVB Digital Video Broadcasting

DVB S2 Digital Video Broadcasting Satellite Standafd Generation
DVB-S Digital Video Broadcasting Satellite Standard

DVB-T Digital Video Broadcasting Terrestrial Standard

DVB-T2 Digital Video Broadcasting Terrestrial StandaP8 Generation
Dzongkhag Administrative or Provincial District Bhutan

Gewog Administrative sub-district of a DzongkhadBinutan

HDTV High Definition Television

ITU International Telecommunications Union

MolC Ministry of Information and Communications

MPEG2 Motion Pictures Expert Group Video Compressitandard 2
MPEG4 Motion Pictures Expert Group Video Compreassstandard 4
PPD Planning and Policy Department of MOIC

UHF Ultra High Frequency

VHF Very High Frequency
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1 Executive Summary

This report is the second of two reports in respasa request from the Secretary of the
Bhutan Ministry of Information and Communication fssistance with the development of a
Digital Television Migration Road Map. The firgport completed in January 2010, covered
general principles, technology, and guidance alddgital migration planning. The report
had to be prepared without the benefit of firsthendwledge of the Bhutanese broadcasting
landscape and envisaged a future field mission.

This second report has been prepared after thd Migsion to Bhutan which took place in
April 2010. The report reflects the findings oétheld mission to complete the consultants
mandate from the ITU to undertake a feasibilitydgtinto the future project for development
of a digital migration Road Map. In addition it prdes recommendations and guidance on
how the Digital Migration Working Committee of Blamt might commence, structure, and
progress its work on the Migration Road Map. Agegjed template/outline for the Road
Map and the Working Committee Report is includedhi@ Report to assist the Committee
structure its work (See Annex ).

The mission found that while resources in Bhutanlianited, there is sufficient expertise and

technical knowledge to allow the Working Committee undertake the task with some

ongoing external guidance. Digital Migration raisenportant policy and development

guestions. The final solutions must be developgd@ihbutan to fit Bhutan’s national needs

and at best an external expert can provide guidanagptions, planning, and the experience
of others who have undertaken the journey.

The Secretary’s Working Committee has represemtdtmm all relevant stakeholder groups
and has an in depth knowledge of local arrangenamdsieeds. The working committee has
been waiting for a final recommendation from thé&JI&xpert on Terms of Reference and
working arrangements. Draft Terms of Referenceeweovided in the first Report. Those
have been refined in the light of the findingslee field mission.

The report makes recommendations on the operatiotheo Working Committee, and
suggests a proposed timetable for its work as alproviding elements of the working
agenda on policy questions and options.

During the mission, and ITU Workshop, attended smhers of the Working Committee
was conducted by the Expert and the Senior Advitson the ITU Regional office. This
workshop covered ITU initiatives in the region, I'duidelines on Digital Migration, and a
workshop covering many aspects of digital migration

The report recommends:

a. Adoption of the Terms of Reference set out at AnAda this report.

b. Constitution of the Working Committee with the Ssary MolC as Sponsor, day-to-
day leadership of Head Telecommunications BIMA wilirector Planning and
Policy Department (PPD) MolC direct participatioa the focal point for MolC
coordination and input from the Secretary as dsedsn Sectio.2 of this Report.
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c. An initial, long, off-site meeting of the WorkingoBmittee should be held soon to
consider this mission report and the First Repuodt @ establish the work plan for the
Committee. A suggested agenda for this meetingbkas provided at Annex E to
this report.

d. A work timetable be adopted along the lines suggkst Sectior8.3 to ensure that
the work progresses in a timely manner, and thatip deliverables be defined
against a detailed project timeline that breaks rddive task into small manageable
units. The Working Committee should regularly negovogress against this schedule
and take action to resolve any impediments to @egr

e. The Working Committee considers what further aasrs is needed from ITU to
achieve the agreed work plan and deliverableseaw/titk proceeds.

The Consultant presented a draft of this report arghort overview on its findings to a
meeting of the Working Committee on 22 April 20 idre he departed Bhutan.
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2 Purpose and Objective for Mission

The Ministry of Information and Communication (MglGought assistance of ITU to
develop a comprehensive digital broadcasting ptarBhutan and was seeking assistance of
an Expert to assist in the development of termefdrence for the working committee and
assistance to guide the committee in its task. b&sec role of the Committee is to develop a
Road Map for digital migration (which will identifijow, when, and why migration should
take place in Bhutan). The decisions of Governnikat flow from this work will then
determine a second stage of work to implement #doestbns within the agreed timeframe.

In response to the Secretary’s request, the ITlhged Australian broadcasting Consultant,
Mr Colin Knowles to undertake a review of the exigtBhutan broadcasting system dod
conduct a feasibility study into a future projeot fleveloping a Road Map in Bhutan for
transition to digital terrestrial broadcasting.

This work would normally have commenced with theswudtant visiting to Bhutan to gather

information and to conduct a workshop on digitagration. For various reasons this could
not occur, and an initial report was prepared waykiemotely but in close consultation with
ITU and designated group of experts by MolC Bhutafhat report was updated after
feedback from Working Committee and the ITU and fihal version was delivered in late

January 2010. Since then, additional material pvagided by Bhutan in response to an ITU
Questionnaire on Digital Migration. The responseaitached to this report as Annex F.
Where appropriate, the commentary has been incatguobrinto the findings of the current
mission.

The first report included:

» guidance on a wide range of digital migration issue
» draft Terms of Reference for the Working Commitee
e guidance as to how the Committee might addredasis

In summary then, the current ITU project is inteshtke

» assist Bhutan talefine the projedior developing a Road Map; and
» asseswhatfurther assistancenay be needed for the working committee to coreplet
its mandate

2.1 Field Mission

The field mission in support of the project was emaken over the period 12-23 April 2010.
The consultant was in Bhutan for the full period & meer Sharma, Senior Advisor

ITU Regional Office for Asia and the Pacific paipated in the workshop and the first week
of the field mission. The purpose of the missicasvto enable the Expert to complete the
project defined by the ITU brief.

During the mission the Expert: conducted a worksbopDTV technology and migration;

interviewed key stakeholders; visited relevantlitees. The Expert has made an assessment
of the capacity of the Working Committee to complets task and recommended an
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organizational structure, action plan, and timetdbt the work, and suggested possible ways
in which the ITU might further assist with comptetiof the Road Map.

3 Mission Findings

3.1 Overview

The one-day workshop and subsequent discussiofis stakeholders showed there was a
mixed understanding of what digital migration wasamt to achieve. A number wondered
why migration was being considered in Bhutan antevmet aware that the ITU engagement
was in response to a request for assistance b$dbeetary of MolC Bhutan. However, it
was good to find that there was a consistency@ksiabout broadcasting issues generally.

The one day workshop combined with a meeting ofifi® Migration Working Committee
saw excellent engagement by all participants, andrdhusiasm to start work on the task of
the Committee. This workshop was very helpful emgstifying the migration story, and
emphasising the point that, DTV is simply a new andre efficient way of delivering
content to television viewers, but like all charnlyere are costs and benefits. It opens up new
opportunities and at the same time raises new ypgliestions that form the foundation for
any digital migration Road Map.

DTV is simply a new and more efficient way of deliing content to
television viewers. It opens up new opportunitiexaaises new policy
guestions. ..The Mission of the Working Committisgo determine how,
when, and on what basis DTV migration should ocaarBhutan

A number of stakeholders expressed concern thatititiative might produce a report that
would be left to gather dust and result in no deos being made. This seems in part to be
based on some previous history with other initediv However, the remarks more than
likely arise from the fact that no one was abladentify a champion for the project and a
source of leadership. Ways of addressing theseetns are suggested below:

3.2 Role and Structure of the Working Committee

The Mission of the Working Committee is to deterentrow, when, and on what basis DTV
migration should occur in Bhutan, and to produce fibhdings in the form of a digital
migration Road Map. The Road Map should be a dectrthat establishes the how, when,
and basis for migration in the wider context of Binis ICT strategy. Once this high level
Road Map is endorsed, there will be a need foriasef additional detailed implementation
guidelines that define how the migration will bepiemented in the subsequent phases,
legislation amended, regulations established, andrs to meet the agreed timetable for
migration. Very few of the high level decisionse aoncerned with technology; they are
basic policy, national interest, and economic gaaest A general understanding of what the
technology can deliver in terms of audience berafd the new opportunities and options it
can provide is all that is needed to shape theyalptions. The high level policy decisions
then flow through to the design of the technicatl @dministrative details necessary to
deliver the agreed outcomes.
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Membership of the Working Committee was determimest year, and draft Terms of
Reference were provided by the Expert in Januatgwever, the members of the committee
appear to have had no further discussions since Dddeember discussions with the
Consultant. Thus the workshop conducted duringnission was their first opportunity for
a wide ranging discussion. The workshop resultedhivery productive exchange and
identified that perhaps two things need to happeestablish the Committee on its journey.
Firstly, it needs to have clear leadership, andoaking timetable, and secondly to have a
work plan for the task.

The Secretary of MolC is the official Chairman bé&tWorking Committee. However, given
the diversity and challenges of his senior positienis unlikely to be able to provide
sufficiently regular attendance and attention thage day-to-day work of the committee.
Most countries establish a similar advisory and kiviy committee to explore and
recommend the way forward with digital migratioRor those committees, the Secretary of
the Department is usually the sponsor, and chaishipnof the committee is assigned to
someone who has the confidence of the industryenstahds the agenda, and who reports to
the sponsor. The sponsor receives regular repamt$,from time to time may attend the
committee to provide guidance. In this way the kvigr able to proceed with appropriate
policy input and direction from the Secretary oiopties and the Secretary able to oversight
the work without having to engage in its day-to-sagnagement. When recommendations
are being put for final discussion, the Secretaay rat times elect to attend the meeting to
provide additional input and/or to be satisfied $th that all relevant considerations have
been addressed, and assess the level of suppbirt tie committee for its proposals.

Another approach is to establish a small Task Favcearry out the detailed work and to
prepare recommendations for the industry advisagnmittee to consider. However,
because in Bhutan the membership would inevitablthe same for both the Task Force and
the Advisory Committee, so there is little pointieating separate groups.

To effectively set the agenda, develop the work jglad drive the work of the committee, the
convenor should have a sound knowledge of the lbesithg and ICT landscape in Bhutan,
the policy and the policy and regulatory framewoakd a broad understanding of the
possibilities and key requirements of the technplplgtforms.

After meeting with all key stakeholders and the Wg Committee members, in the opinion
of the Expert, Head Telecommunications in BIMA, Wangay Dorji, is the person who has
the appropriate depth and breadth of knowledge,nutmment, and capacity to drive the
Working Group Agenda to achieve the best outcome.

From a governance viewpoint, the Director PPD wdaddhe more logical choice given his
direct responsibilities for coordination of MolC lpy development activities and direct
reporting line to the Secretary. The challeng@as neither he nor his department has a good
understanding of the issues or possibilities ofitaigmigration, nor of the detailed
requirements that will give rise to policy quessonTherefore, he would need to rely on
other members of the committee to generate thedagéor the Working Committee. The
leader of the Committee must have sufficient urtdeding to set the Agenda and guide the
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Committee in its deliberations otherwise the woflkhe Committee will progress too slowly
and probably halt before its job is finished.

Director PPD MolIC has a very important role in @@mmittee for coordination and input on

policy questions and for carriage of the questidnmeugh the MolC approval processes.
These questions will cut across other aspects ef I@T developments and impact on

National development questions.  Thus his roleilsting these matters through the

administration quickly will be vital for the worlkf the Committee. The Director PPD would

also be well placed to keep the Secretary informedrogress and upcoming issues and
could bring to the Committee informed views asdbdtes the policy matters. MolC, PPD

should also provide the secretariat for the Worl@agnmittee.

The option of having and external expert availdblguide the Working Party through the

whole process would be an expensive and impracéitainative. The proper role of an

expert is to assist in setting the agenda, progidjnidance from time-to-time, and offering

critical appraisal of the proposals as they areetigped. Working Committee members must
contribute fully to the discussion, they must bgaged in the work, and be committed to the
outcomes.

The Expert recommends that the Secretary as spaasdr formal Chairman of the
Committee delegate the role of Convenor of the Wagk Group to Head
Telecommunications BIMA, with the direct supportifector PPD MolC

The Expert recommends that the Secretary as Sponsor and formal
Chairman of the Committee delegate the role of Convenor of the Working
Group to Head Telecommunications BIMA, with the direct support of
Director PPD MolC

Further expert assistance and support for the carvend Committee can be arranged with
ITU as suggested later in this report. While theesy be a perceived conflict of roles having
a BIMA officer reporting directly to the Secretalfyr this activity rather than through the
BIMA Board, this is probably unavoidable given thery limited number of people in
Bhutan who could lead this activity effectively.

3.3 Work Plan and Timetable

The work plan for the Committee should be fairlptand focused with regular deliverables
so that the subject can be resolved quickly andiefitly. If there is an open ended or long
timeframe for the work, it could quickly lose monw@m and loose direction. If the
necessary policy guidance is given quickly, thenary work of the committee could easily
be completed before the end of 2010, and evenpari@d as short as three months if the
members and support resources can give adequaedithe topic within that time period.

As set out in draft terms of reference that folldihe work of the Committee needs to be
undertaken in several stages:

1. Identify and make recommendations on key policystjoas that need to be decided
to enable options and recommendations on the nogsatuestion to be developed —
say within one month of commencement;
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2. Detailed analysis and recommendations about theadmawvhen of Digital Migration
through the development of a Migration Road Maphig could be completed within
3 months of receipt of policy guidance from Stageedommendation because work
can continue on a number of aspects of this pendorgirmation of the policy
direction); and

3. Recommendations on the regulation, planning andrathmatters necessary to give
effect to the migration. This last stage canndiyfadvance until the Road Map is
endorsed by the Minister and the Road Map may reseral refinements and
adjustments during the endorsement process. Bhetige will put in place detailed
planning, regulation etc which must reflect the @sdd direction. Work could
commence during the approval of Stage 2. StageuBddake 3-6 months taking
account of the detailed drafting and planning wibikd may be necessary, but may be
deferred if there were a decision to delay the cemsament of migration for some
time.

4. Coordinate communications on the migration stratagg actual implementation
according to the Road Map (depends on the timingroaened by Stages 1-3);
including formal definition of system standards.

This schedule suggests that complete work of tinentittee may take between 7-10 months
depending on how long formal consideration of tmegpessive recommendations takes.
Starting from now it should be possible to completage 1 by the end of May 2011, Stage 2
by end of September 2011, and Stage 3 could beletedbefore the end of 2011. Detailed
work by the relevant agencies to produce regulatioould be completed within the first
quarter of 2012. A schedule of this duration istoo ambitious, and the dates link well with
the scheduled completion of the national optidalefinetwork and other ICT initiatives. As
such the Road Map and subsequent regulations andipt and policy will provide a stable
and holistic framework for future broadcasting depenent.

The Road Map will establish when and how migrasbiould occur in Bhutan and how this
relates to other ICT initiatives. By completingtBigital Television Migration Road Map
early, there will be greater certainty for the Iatty and other initiatives can be made from a
fully informed position about the future digital@gision migration.

Bhutan will ultimately have to migrate to digital because manufacturers
will stop making analogue receivers. Migration is not a question of if,
but when and how migration should occur.

3.4 Terms of Reference

After considering the findings of the missions, thepert has made minor modifications to
the earlier draft Terms of Reference provided ie finst report. The proposed Terms of
Reference are Annex A to this report.

3.5 Migration Feasibility

The converged ICT Act in Bhutan provides a veryrsbplatform for launching a DTV
initiative. Most of the critical policy foundatisrthat will be required for DTV are already
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outlined in the Act (eg open access, infrastructsiraring, technology neutrality, and
separation of content and carriage). It will néedbe supported by appropriate Regulations
made under the Act once the Digital Migration Rosldp is approved. However,
implementation of Digital Broadcasting will toucim @ther legislation as well and to move
forward there should be harmonization of legiskatio provide ensure new services can
proceed with the least administrative complexitg anth administrative certainty. This will
be particularly critical if private investment  Ibe a driver of change.

Throughout the mission, and the workshop, the BExfmmd there was a high level of
enthusiasm, engagement and motivation to addressifjration question. In the Working
Committee meeting held in conjunction with the EagiMigration Workshop, participants
were invited to each list two key questions andceons they had about digital migration.
The questions raised are attached as Annex C lecaembers of the Committee thought
that they would form an excellent basis for themctonmence their future discussions.
These questions and the discussion that followed/ieti that the members of the Committee
have already thought about the issues and are teaglygage in enthusiastic and structured
debate and are committed to discovering the ansveer8hutan. This means that the
Working Committee has a good start towards addrgss mandate.

This enthusiasm needs to be nurtured. The Expestrmends that the Working Committee
be formally constituted, its Terms of Referenceeadr and that it commence work within the
next month. It would be useful for the Committeddke at least a full day, and perhaps two
full days without interruption working to a definedenda. In this meeting it should be able
to complete Stage 1 of its task and have a goodmstahding and start on Stage 2.

If the Working Committee is to remain motivated nthitaere must be a commitment from
MolIC to quickly address the policy questions raiggdthe Working Committee. Even if
final decisions can’t be made quickly, there shdaddast “in principle” agreement or advice
on potential difficulties so that the work can gooé uninterrupted.

3.5.1 Why Migration?

Although Bhutan does not currently use the partthefBroadcasting Band intended to be
cleared by migration to Digital Television, Teld@weis Broadcasts in Bhutan will ultimately
have to migrate to digital because manufacturelisstaip making analogue receivers. While
digital receivers today are comparatively more espee this is rapidly changing. Set-top-
box converters which allow digital television to bewed on existing analogue receivers
have become quite cheap in bulk quantity. Furtleemndigital television transmission will
provide additional capacity for delivery of addriad services at low marginal cost per
service. Like other ICT developments it opens pesasibilities to improve communication,
education, information, and cultural and socialelegment. Therefore it is not a question of
should Bhutan migrate, but rather when should grate.

3.6 Migration Affordability

Bhutan will require various forms of assistance itgplement digital migration. The
resources in country limited and the first majostalole will be the financial cost of the
infrastructure. Taking account of the way othée ldevelopments occur in Bhutan, the
infrastructure would most likely need an externang and training of staff to maintain the
assets once installed. Consumer conversion wdstdbe an issue because even though the
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retail cost of consumer set-top-box converters dristing television receivers has now
dropped below USD 25 and wholesale perhaps belo® W% this may still represent a
significant outlay for many households in Bhutan.

Some form of subsidy would need to be provideddsish the lowest income households
convert. Many in this group may not even havevislen existing terrestrial coverage is
incomplete and detailed information about the reauth take-up of cable in un-served areas
is not known, nor is there useful data about ther@of use of unregulated transborder DTH
services. However, at the lowest income levelstist of cable or transborder DTH is likely
to be unaffordable and this probably means theyatohave television. At best they may
have access to some collective viewing such aseitablished by BBS for the elections and
Coronation.

These are factors that the Working Committee wakahto determine as it progresses on the
development of the Road Map.

3.7 Readiness for Development of Road Map

Current ICT developments such as the installatibrfilore optic cable to all Gewogs
(smallest subordinate administrative district iruBdn) may open new opportunities and raise
consumer expectations. It may also facilitatedis¢ribution of Digital Television. Because
Digital Television needs to be reviewed as an iregart of the ICT revolution, early
decisions about DTV and the associated policiesasgistinter alia resolution of questions
about the development and digitization cable, aagf assist in resolving the current debate
about transborder DTH services.

Unlike most other developing countries, Bhutan eparted to have around 80% of its
population having access to cable services. Tloplpehat are not connected tend to be
people living too far from the villages to be readheconomically by cable. Many of these
may already have DTH satellite services. This sstggthat one option for Bhutan may be to
continue to rely on cable and DTH services rathantdevelop terrestrial DTV. However,
this is a complex question, because cable expamgpands on commercial decisions about
viability, satellite involves additional cost fooresumers. Neither option can be considered a
universal access solution unless there were somme & subsidy. This is an issue the
Working Party will need to consider.

There is no immediate spectrum urgency for Bhutamigrate to digital but cable operators
are keen to convert so that they can have bettgraioof their product and reduce piracy.
This would enable them to offer a range of servitem basic(essentially the free-to-air
services as may be determined appropriate), andcedaddhlue packages for other
programming. Because TV uses only Band Ill andva ¢hannels at the bottom of Band IV
there is no demand pressure for clearance. Howbeeause of the need to resolve matters
such as DTH, and to establish a stable platfornrcémnmercial investment in broadcasting
etc, the formulation of a Digital Migration Roadap! is important now so that all
developments can be seen in an overall context.

Even though questions of financial affordabilityna&n, now is the time when Bhutan should
establish its Road Map for digital migration. Wdith this Road Map, the practical aspects of
funding etc cannot start to be addressed. Unlesgetis a migration the Road Map,
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television will become an orphan in the aggressaxpansion of ICT in Bhutan and
opportunities for true convergence may be missed.

Unless there is a migration Road Map, television will become an
orphan in the aggressive expansion of ICT in Bhutan and opportunities
for true convergence may be missed.

3.7.1 Capability to prepare the Road Map

There is sufficient depth of knowledge and experti;é DTV and technology and policy

issues for the Working Committee to address itsdat:n The key work of the Committee
relates to the policy arrangements necessary toostip new multi-channel delivery vehicle

for television, and because it involves a technplabgange for viewers to benefit, how
should this be managed over time. These questim$o more complex or difficult than

those that Government faces every day in balanbumpet, national interest, and public
policy. The knowledge of the general capabilibéthe technology is sufficient, and assisted
by the documentation already provided, to allownfolation of options around the hard

guestions.

Digital migration must reflect the overall needs of Bhutan, and be
solution developed by Bhutanese for Bhutan.

A readymade solution cannot be provided externally, the Working Committee has ITU
assurance that it will receive essential guidaneentoring and review as may be needed to
complete the task.

3.7.2 Working Committee Resources

The membership of the Working Committee covers kaly stakeholders, those not
represented such as the Bhutan Telecom, appeavi® lfeen invited but have concluded
they had little to contribute to the deliberatiaofsthe Committee at this stage. Given the
limited number of people in the key agencies regwesd and supporting the Working
Committee, resources could be stretched unles@/trking Committee mandate is executed
as a high priority over a short duration. Subsetu@plementation work could be spread
over a longer period commensurate with the avditgbof resources and the agreed
timetable.

Because there are a limited number of people wb@eaailable to do detailed work that will

flow on from the Road Map, Bhutan may need furthssistance with implementation

development. The Working Committee would be Isegiported by an arrangement that
provided ongoing email exchange with the Experd @erhaps should it be necessary,
further short in-country visit to workshop the demped Road Map and future

implementation strategies.
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4 Development of the Road Map

During the Bhutan Digital Migration Workshop, Samegharma, Senior Advisor ITU
Regional Office for Asia and the Pacific, presentedession entitled “Guidelines on the
transition from Analogue to Digital Broadcasting”capy of which is Annex D to this
Report. The first task of the Working Committeetes outline the Road Map and to
determine what information and decisions are neéaledach step on the map. A work plan
to address these in an appropriate time sequerere should be made and serve as the
guiding activity plan for the Committee. The magmmponents of the Road Map are set out
in the ITU Guidelines

1. Policy and Regulation Framework
2. Market and Business Development
3. System and Network Standards

4. Analogue Switch-off Arrangements

Each of these has broadly been outlined earli¢henthree stage program for the Working
Committee.

4.1 Stage 1 Issues:

Given that digital migration must occur at somegtjim principle decisions are needed on the
foundational policy questions:

a. How are digital services to be delivered and whéithe the relative roles of
terrestrial, cable, and satellite in the mix, arfthwinitiatives may be necessary to
encourage public private partnership in the vertture

b. When will private television broadcasters enterrttegket and should they be
permitted to commence on analogue and later cotweligital or should they
commence with digital only?

c. Will there be further extensions of BBS serviceoudd these be digital so as to
avoid future need for migration, if so should thkesany incentive or subsidy for
converters in the digital only areas which areljike be in areas where
affordability may be an issue?

d. Will the digital transmission multiplex be sharexthat current and future services
can share a single transmitter or will there bg@asate multiplexer and
transmitters for each operator?

e. How many different programs will a single broadeaste permitted to provide on
a multiplex? Will any of these be HDTV? Will othéata services be permitted or
will data be limited to program associated data BPG or sub-titles?

f.  Should Emergency/Disaster broadcast to be incotptoahe extent possible into
digital television implementation?

These will provide the basis for development of Badicy and Regulatory Road Map and
define the overall system parameters for marketlamginess development and system and
network standards.
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The Expert’s commentary and guidance on the alluee issues are:

a. Role of the Different Platforms. Perhaps the first question that needs to be
addressed is the relative role of cable satelite] terrestrial delivery of television.
Cable is an important delivery vehicle in Bhutam anay also benefit from its own
digital conversion. Depending on what industryaagements are put in place to
manage this service and potential upgrade, it cawlcklerate the introduction of
Digital Television. DTH satellite services are extal to Bhutan and the subject of
current discussions on how to provide services #natrelevant to Bhutan, do not
seriously erode existing licensed cable servicHsis question needs to be addressed
in the overall model for future television. IT wdube difficult to envisage a
comprehensive television service in Bhutan whicth dot at least deliver a core
package of Bhutanese services via satellite bechisés the only way that remote
and isolated people could receive a service. Sushrvice may also serve to feed
DTV transmitters across the country, and also suppble operators with a core
package of services. Terrestrial services areently limited in coverage and are
only the BBS service. With some potential for opkifibre distribution in the next
year or so, an argument might be made that thislmay cheaper and more efficient
way to deliver services to transmitters and calgerators. This may be a good
option for the first few years of establishing DB¢rvices; however, at some point
some form of DTH service will be needed to reachrégmote households. The wide
acceptance of cable seems to suggest that vienersnakely to give up the choice
from a large number of channels to switch to DT¥t those who do not subscribe
should have access to core broadcast serviceddrag. These factors will need
careful consideration in determining the appropriatix of delivery options for
Bhutan as it moves into the digital age.

b. Competition: The InfoCom Act and the published draft broadcaspolicy support
the introduction of competition in broadcasting th@ remaining question to be
answered is when and how it will be introducedditfital services are to commence
early then it would make sense to start with thegdat population centres and
commence all new services on digital. Additiorevices would be an incentive for
consumers to take up digital, provided new ancetisting service were delivered on
the platform.

c. BBS Extension. BBS is currently completing the installationarfalogue television
transmitters in the 20 Dzongkhag. These transraittee able to be upgraded to
digital transmission but over the next year, thellebe a growing audience using the
analogue service. If further extensions are mdrend there is a decision to migrate
to digital, then there is an argument that the sewices be digital. However, before
this can occur, there needs to be a digital sidisatibution from BBS, because while
the current satellite feed could be used, it waelguire the installation of encoding
and multiplexing equipment at the new transmitiegss The cost of this would be
prohibitive. However, after the optical fibre isropleted, if BBS has access to the
fibre for its signal distribution, then it couldtablish a digital service to feed the new
transmitters from a common encoder and multiplexrimmphu. This equipment
would be able to serve the complete network eibiyesatellite of optical fibre. The
working group will need to assess the difficultydanost of linking any new
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transmitters to the cable before reaching a commusn this subject. Satellite
delivery would require a new transponder channélclwvwould be hard to justify as
a parallel to the current analogue satellite feédhere were only a handful of
transmitters serving a small population. Latethia conversion process, it could be
practical to switch the satellite distribution tigithl and install digital receivers at the
analogue transmitter locations which rely on si¢ell However, this would at the
same time create difficulties for viewers who rely the satellite for service. The
Working Committee will need to research these mattdét may be that there are no
immediate plans for expansion of BBS coverage iiclvibase there may be no need
for an immediate answer.

Multiplex Sharing: The Digital TV Multiplexer is a device that allswmultiple
services to be delivered over a single transmittBrepending on the system and
operational configurations chosen, a single DTWhdmaitter can deliver around
standard definition channels or various mixturesstaEndard definition and high
definition television and other data and audio iees:  For the early introduction of
DTV in Bhutan, there would be little point in trgrto establish High Definition this
can be changed later when there is a need. Sinnelsarepresent an enormous
increase in the potential service delivery (altfosgll small comparatively to cable)
and it opens the way for a private broadcasteratemially share this capacity to
deliver a new service. There may be other optitos educational or other
government information services to be deliveredonr of the channels. BBS has
indicated to the Expert that it would need add@iomesource to establish an
additional television service and that its curr@mirity is to improve its radio
services. It may be possible to use some chatmetbroadcast other services from
elsewhere that can be made available free to peowidre diversity. In any event,
with an initial small audience, and significant 0$0 establish a transmitter per
service, the Expert suggests that the system bengdharound a shared multiplex.
This can be changed in the future if there wasi@afft demand for additional
channels. Appropriate access policies, decisionsaltiplexer “ownership” etc will
need to be made if this option is taken up. Theeod proposed arrangement for
management of the Optical Fibre network may be efulgguide as to how the
multiplexer could be managed.

4.2 Stage 2 Issues

Stage 2 is concerned about analysing and makingme@ndation on a number of factors
that will lead to different options for migration:

a.
b
C.
d.
e
f
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What are the implications of including mobile te&wen in the mix? Does this make
sense in Bhutan?

. System transmission standards?

Spectrum to be used?
Total costs for all stakeholders against varionetiines?

. Consumer Impacts?

Implications for business and business development?
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g. Implications for national development such as caltudevelopment, education,
information?

h. Ways in which emergency warning can be incorporatedi what provisions need to
be made to guarantee such service are incorparated networks?

i. Content and whether there should be specific gmeglsuch as programming in the
national languages? Children’s content etc?

j.  Types of licence and associated regulatory framk@vor

k. Any further policy issues that arise from the abawduding the development of a
formal competition policy or guideline?

|. Detailed consideration of access regimes for infuature?
. Possible incentives and their cost?

When and how should migration commence?

A practical timetable for migration? and

© o 5 3

Possible arrangements for communicating to conssiiwed industry, and managing
the eventual change over process?

At this point it would be inappropriate for the EBxpto comment on more than standards,
spectrum and options for commencement. The o#dsres need much more input from
Working Party members. The commentary is providea guide to the issues the Working
Party must consider and are not formed recommeordati

a. Standards. The secretary’s letter to the ITU indicated thatuiim was leaning
towards the DVB-T standards for Bhutan. The Expertlerstand that India has
already decided to use DVB which is already esthbll or adopted by many
countries in South-East Asia, Europe, Australialndia does proceed with this, then
there is a strong chance that it will establish afiacturing or supply of consumer
equipment at low cost. Given the reliance on Infdia assistance, and its close
proximity adoption of an identical standard would bensible. Whether Bhutan
should adopt the most recent evolution of the DVBtandard to DVB-T2 is an open
guestion. If the T2/MPEG4 standard gains wide pizoee globally then there may
eventually be a need for a further migration ineimHowever, this would be an
easier migration because equipment to this standaaxjpected to be fully backwards
compatible. At present there is virtually no aomer equipment to deliver the T2
standard, and the first implementation will be e UK. If India were to adopt the
T2 standard then there may be a compelling argumdavour of the later standard.
From a spectrum perspective Bhutan’s relativelfitligse of spectrum and limited
demand in the foreseeable future, suggests thabriyeargument for T2 would be
because it was the latest standard. In other desntonsidering T2, spectrum
congestion is a driver to gain the spectrum pradiigtand improved service
carrying capacity offered by T2 compared with thiggioal DVB-T standard. The
other standard consideration is the use of MPEGdingofor compression over
MPEG 2 which is used by most existing digital brogsters. MPEG2 was the only
system available to the early adopters, MPEG4 taste now fallen and new
consumer equipment will soon have both MPEG4 andEGIP capability with little
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or no cost differential. Because MPEG4 allows me@evices to be accommodated in
the channel, it provides better flexibility for theure. Most countries would choose
to adopt MPEG4 in future. Those using MPEG2 cacpatert easily because of the
MPEG2 legacy. The UK and other countries in Eurppen to use MPEG4 in
conjunction with DVB-T2 because they are estaltighiew services and consumer
reception of existing services will not be affectedcause the DVB-T2/MPEG4
receivers will also receive DVB-T/MPEG2. The reseiis not true. The alternative
standards are those of China, Japan, and the U®fails of these were contained in
the first report and the Working Committee may wigtconduct further appraisal of
them. The main arguments against adopting theselatds is that the global support
for them outside of their countries of origin ig faore limited than for the DVB
family. The Expert could provide further detailadjuments for and against each of
the options if required, but this goes beyond ttwpe of the current ITU assignment
brief.

There are advantages in commencing migration earlier as a
more graduated approach can be taken and new possibilities
can start to be explored.

. Spectrum. Bhutan does not currently use any of the Broadwgddand Spectrum
that has been earmarked by the ITU for early anedagearance, or for sharing or
allocation to new types of services. Currently VVB&nd Il is used extensively with
a few low power services in the bottom part of UBi&ad IV. Bhutan should look to
maintain the current ITU Band Il and UHF broadcggéctrum in its National Plan
because these frequencies are harmonized intamallyioso consumer equipment
supply is cheaper. Unlike some developed countnbsre spectrum demand is
putting pressure on Broadcast Spectrum, this idikely to be the case in Bhutan in
the foreseeable future. Bhutan’s terrain means fitemuency coordination with
neighbours is necessary only for high power FM Bikdservices, or maybe some
television services near the borders. It would demsible to establish digital
television in the VHF Band where ever possible afehlly two channels removed
from the existing service. This will reduce thestt@mf combining equipment
necessary for the transmitters to share the egisfiansmit antenna. Adjacent
channels can be used where necessary but the damEquipment will be more
expensive. VHF will also provide better coveragristing consumer antennas can
be used.

Options for Commencement. There are advantages in commencing migration
earlier rather than later. In starting earliernttee more graduated approach can be
taken and at the same time the opportunities cam &t be explored. A possible
approach would be to commence service in Thimphmatch the current Analogue
coverage. This would provide the experience toldhgest and potentially the most
affluent city. At the same time this could be gpaortunity to introduce a private
broadcasting service to the available program mikie Thimphu market would
appear large enough to support a new broadcadteit amuld allow this to become
established before seeing digital expansion elseawvhim the next stage digital might
move to the 20 Dzongkhag using the optical fibrectory the program to the
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transmitters. The rest would naturally follow frahere. This graduated approach
has been used in all countries which have adoptgdaDTelevision. Simulcast of
analogue and digital would be needed until the ent had been substantially
converted which would perhaps take several ye&rsalogue switch off could also
be phased to take place progressively an appreprizriod after digital
commencement. A progressive extension and swigthasould also provide the
opportunity to redeploy and convert the relativedyv analogue transmitters to digital
as they were withdrawn from service. The timingl appropriateness of such a
strategy will need more detailed financial and coner analysis. By starting in
Thimphu and delaying further extension for a yearso, there would be better
opportunity to obtain real data on consumer inte@asd about how to communicate
the change to consumers and the industry. Takneglétic view, commencement of
a pilot digital transmission by the end of 2012 Wobe possible subject to the
availability of funds to purchase a transmitter dhd associated multiplexing and
encoding equipment. This suggested schedule asstimaethe preparation of the
Road Map proceeds in accordance with the timetdilén Sectior.3

4.3 Stage 3 Issues

Stage 3 is concerned with the mechanics of impléatiem once a decision is made on
migration as such the Working Committee need peepaty a broad Road Map of the tasks
involved and some ideas about how they will be wadten and by whom. Hence, detailed
consideration of Stage 3 beyond this broad levelbmleft for the time being, and revisited
after Stage 2 and possible timing of digital comosmnent and migration is established. It
will involve careful review of all legislation andegulation that may impact on the
establishment and operation of infrastructure aenvises that eventually make up the
complete package of broadcast and broadcast Iiké&ss for Bhutan.

4.4 Progressing the Work: Working Committee Action Plan

The Expert presented the report and conclusiona &pecial meeting of the Working
Committee before he departed Bhutan. The immediatée steps for the Working Committee
should be:

1. Meet to discuss the recommendations and suggestantained in both Consultant
Reports.

2. Discuss the Draft Terms of Reference set out ini@e8.4 and Annex A and agree a
final version.

3. Agree the working arrangements and organizaticgh@fVorking Committee

4. Hold first full working meeting of the Committee tevelop a work plan based on
Annex | as discussed below, determination of piiesj a provisional allocation of
work and timetable for deliverables. This meetsigpuld also agree a forward
schedule of meetings. In general deliverablesc(dision papers on the topic as draft
sections of the report, should be circulated inaade and become the topic for the
next meeting).

All four items could be addressed in a first conmeresive meeting of the Committee. To
assist this action, the Expert has prepared a Agghda for the first meeting which is shown
at Annex E. In addition the Expert has preparetiggested outline for a completed Road
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Map. This is provided at Annex |. This outlineutsb form a logical work plan for the
Committee as described in the introduction to theudnent.

The document could initially become a comprehensgport on the recommendations and
deliberations of the Committee, and record the dyug assumptions and policy
objectives/decision. After DTV Migration Recommatidns have been adopted the
document should be updated to reflect decisionseaigand thus become the Road Map for
Digital Migration. At that time it may be appropgte to expand the sections on
implementation and to update other parts as mayeloessary in the lapse of time. In any
event, the task of moving from a Working CommitiReport to Road Map will be fairly
simple using this approach.

5 Further Assistance for the Working Committee

The nominated Working Committee should be fully petent to address Stage 1 and the
majority of the Stage 2 questions. The suggesisddt and headings for the Road Map and
Report should provide strong guidance to the wonkl @hould enable the Working
Committee to substantially complete its task withouch additional assistance.

If further assistance is required it may be inffilowing areas:

a. Critical Review of draft reports and recommendagitimat support the Road Map and
its development;

b. Assisting the Committee and Secretary at imporstexges of the work if discussion
gets bogged down in deliberation of options;

c. Development of the future implementation strategyRoad Map; and

The ITU Senior advisor has indicated that ITU wslbnsider the provision of further
assistance as may be necessary if Bhutan so requistitan is one of the pilot countries for
preparation of a developing country Road Map sokware will assist the process for other
countries covered by the recently constituted ITojdet.

Ways of delivering further assistance will depemdtbe defined needs after the Working
Committee reviews its agenda and work plan.

The Expert believes that the reports provided ahdroavailable documentation, referenced
in the First Report, will enable Bhutan to make sidarable progress with the task using
occasional expert input by email or web based exgda Assistance beyond that would need
to be established on its merits as the Working @rptoceeds with its mission.  Such

assistance would need to be arranged by ITU inutai®n with the Expert.

Beyond the formulation of the Road Map, Bhutan magd assistance with detailed review
of legislation and regulation and other things uport the decisions arising from the Road
Map, as the task may stretch the limited resousseslable in Bhutan. Likewise further
input may be required at the point actual migratoiel communication strategies are being
planned.

Report on ITU Digital Migration Expert Field Missido Bhutan April 2010 22



If the suggestions contained in this report abbetdrganization and work and Agenda of the
Working Committee are adopted, then Bhutan showdable to move a considerable
distance towards defining its Migration Road Magnirwithin its own resources. Until the
work is underway and the challenges and any knayeeghps emerge no useful assessment
of the need for and type of assistance that mare@eired can be made beyond the above
suggestions.

6 Recommendations

From the findings of the mission material providedhis report and analysis and guidance
reflected in the first report the following apprbato development of the Digital Television
Migration Road Map for Bhutan is recommended:

a. Adoption of the Terms of Reference set out at AnAda this report

b. Constitution of the Working Committee with the Ssary MolC as Sponsor, day-to-
day leadership of Head Telecommunications BIMA wiBPD MolC direct
participation as the focal point for MolC coordiimgt and input from the Secretary as
discussed in Sectidh2 of this Report.

c. An initial long off-site meeting of the Working Conittee should be held soon to
consider this mission report and the guidance aoadiaherein and that contained in
the First Report. (A draft Agenda for this meetisgontained in Annex E).

d. A working timetable be adopted along the lines sstgd in Sectio.3 to ensure
that the work progresses in a timely manner, aatigpecific deliverables defined by
the draft Road Map topics in Annex | be mapped aendetailed timeline that breaks
down the task into small manageable units. The Kligr Committee should
regularly report progress against this schedule tak@ action to resolve any
impediments to progress.

e. The Working Committee considers what further assist is needed from ITU to
achieve the agreed work plan and deliverableseawtink proceeds.
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Annex A
ITU Field Mission on Digital Television Migration in Bhutan

7.1 Annex A: Working Committee Terms of Reference

Digital Migration Working Committee
Recommended Terms of Reference

The Working Committee is appointed by the Secretary MolC who is the sponsor of the project. The Committee is required to
make recommendations to the Secretary MolC on all aspects of the introduction of digital television to Bhutan as described in
these Terms of Reference.

The Working Committee should undertake its task in several stages:

5. Identify and make recommendations on key policy questions that need to be decided to enable options and
recommendations on the migrations question to be developed;

6. Detailed analysis and recommendations about the how and when of Digital Migration; and

7. Recommendations on the regulation, planning and other matters necessary to give effect to the migration.
The Committee should complete the above stages against the following timetable:

. Stage 1: Report by [1 month after commencement]

. Stage 2: Report [3 months] after receipt of policy direction from Stage 1

. Stage 3: [6 months after receiving Government response to Stage 2 Recommendations]
In undertaking its task the Working Committee should recommend:

1. How when and why digital television should be introduced into Bhutan;

2. The preferred approach to the strategic policy questions set out in Section 3.1 of the ITU Digital Broadcasting
Migration Bhutan Report (Copied as Annex B to the April 2010 ITU field mission report);

3. The system standards to be adopted in Bhutan for digital television;

4. How cable television, and potential DTH services should be structured to complement and integrate the digital
television solutions;

5.  How and when competitive services should be introduced into Bhutan, including ways in which such services might
be introduced in an equitable manner;

6. The number and type of television services that may be required/practical in Bhutan over the next 5-10 year time
period including multi-channel, HDTV, and other services using this technology;

7.  Whether digital television should be introduced using a multi-service per transmitter channel basis or as a simple
multi-program single licence per transmitter solution;

8. Changes to existing legislation and regulations are needed to implement the proposals;
9. Arrangements for equitable access to transmission infrastructure

10. A practical timetable for implementation of digital television in Bhutan;

11. Forms and duration of any assistance which might be needed to facilitate digital migration

12. Arrangements for assisting viewers understand digital migration including factors that might determine when
analogue switch-off might occur

In making these recommendations, the Committee should:

. Assess the costs of digital conversion for all stakeholders (Government, Broadcasters, Infrastructure, Consumers)
including both capital and ongoing operating costs;

. Develop detailed spectrum and channel plans for implementation of digital television including recommendations on
the channel plans to apply post analogue switch-off;

. Determine arrangements for establishing the necessary standards in Bhutan to implement the recommended
approach (eg technical standards, and associated service specifications);

. Consider Programming aspects for digital television in relation to the advancement of the National communications
and information goals and whether any particular prescriptions should be made in the allocation of capacity;

The Working Committee may establish a Task Groups to assist in the detailed development of its positions on the above

questions.

[Approved By, and Date]
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Annex B
ITU Field Mission on Digital Television Migration in Bhutan

7.2 Annex B: Strategic Policy Considerations

(From Section of First Report by ITU Expert withnai improvements highlighted)

A digital migration strategy needs to commence with consideration of some fundamental policy
matters including:

a.
b.

Why consider migration to digital?

What are the national and public policy objectives to be advanced through digital
migration? What are the major enabling factors (eg content, new types of services,
specialist channels such as education and information services...)?

What form of digital television is needed to deliver these objectives (eg. multi-channel,
HDTV, mobile television, associated data services....)? How will this change over time?
Should provision be made in the migration framework to enable such evolution in the
future?

Will new services be considered in the strategy (television, data, and other types of
services?

What technical standards should be adopted that will best serve the needs of Bhutan, be
cost effective and sustainable? How will these be mandated for Bhutan

f. What is the preferred video display standard? Should this be mandated or can it be left to the

broadcasters to decide what best meets their needs?

What particular factors should be considered in reaching a decision on the technical
standard?

How will consumer migration to digital be accomplished (simulcast, subsidy, new
programmes...)?

i. What would be considered an appropriate penetration of receivers to consider migration

sufficiently advanced to turn off analogue? (eg x% of the current analogue television
penetration? One per household? One per village? Multiple receivers per household?).

j- Should future extension of services to those places without any television be implemented a

digital only services? At what point would this be a sensible strategy (assuming 100%
coverage in analogue is not achieved by the time migration commences)?

To what extent should broadcasters have freedom to use the data stream (eg can they use
the allocated data stream for additional services? Will they be required to hold separate
licences for each service? What types of licence would be appropriate?

I. How would any new broadcasters be accommodated (eg digital only new services, new

m.

services commencing on analogue and migrating to digital...)?

What expected future changes in needs or services should be considered in formulation of
the strategy so that they can be enabled easily at the appropriate time?

To what extent should IPTV and Internet services (which may be used to rebroadcast or
allow replay of broadcast programmes) be considered in the framework?

What is a realistic timeframe for migration given economic capacity of Bhutan, the need to
ensure most people can receive services intended for them, the cost of professional and
consumer equipment, the resources including technical capacity to implement the
migration and to create or acquire any new content needed to assist in the process?

Will assistance be provided to consumers? What form should that take? At what point
would it be announced or decided?
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g. How will cable and DTH services be integrated with any new DTV services and how can
these be migrated to Digital? What services will they be expected to carry from the DTV
mix?

r. Will any assistance be provided to broadcasters and cable operators to assist them to
achieve the roll-out of digital services in a timely manner?

s. Wil any new entrants receive the same assistance as may be contemplated for existing
broadcasters (eg BBS)? Would this depend on whether they have to migrate from
analogue or commence directly on digital? Would any subsidy apply if they are sharing a
common multiplexer and infrastructure?

t. What is the most appropriate spectrum to use for Digital to minimize cost, maximize service
delivery etc against potential competing needs for spectrum by other services including
other ICT services such as mobile telephone?.

u. What factors will determine the end of analogue transmissions and the end of any
simulcast period?

v. What is to happen to the spectrum vacated by analogue transmissions?

w. What other ICT and other services need to be considered in the spectrum and planning
decisions? (eg Mobile TV using say DVB-H technology)

X. What role should satellite play in achieving universal coverage of Bhutan and what is the
optimal way to achieve this from a technical, cost and user perspective?

g. Assignment of Logical Channel Numbers for Bhutan digital services.
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Annex C
ITU Fidd Mission on Digital Television Migration in Bhutan

7.3 Annex C: Working Committee Questions at ITU Dig ital Migration
Workshop (April 2010)

© o N

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.
25.

Bhutan Digital Migration Working Committee
Areas of Interest and Questions Raised by Working Committee Members in
ITU Digital Migration Workshop 13 April 2010

Based on discussions digital migration in Bhutan range of options are in consideration.
Analogue extension is still in progress and DTH is in the discussion to achieve coverage of
remote areas. SS

DTH, ANALOGUE, DTV: what is the most relevant to Bhutan? — could the
Malaysian/Indonesian solution to DTH have any application in Bhutan. SS

Who is the champion of DTV Migration in Bhutan? Leadership of the program? Who will they
be? Who should they be? SS

Standards which are most appropriate and affordable to Bhutan?

How can DTV be promoted, who should play the lead role, what are the tasks to carry out to
do this? What are the responsibilities of the different players and agencies?

What framework is needed prior to the transition — BIMA needs to be ready before the
migration

What incentives can be provided to the service provider et al

How should we start? What time frame? What service first?

What are the cost benefits to consumer and others for the transition?

. What spectrum should be used for ITU — International standardization etc. — What freedoms

to have National Solutions.

Is it necessary at all to have a transition to Digital in a country like Bhutan?

No evident clear objective for the Working Committee.

Benefits of Digital? Act has broad regulatory framework — need to link Policy — Level Playing
Field for service providers to do business

Key areas where organizations who are implementer — what is the capacity of the
organizations to deliver the program? (eg BIMA Spectrum, capacity planning — efficiency)
Where will the content come from? What new content will be needed for Digital?

Should there be content policy in support?

The initiative came from Bhutan/Minister not ITU

Government is planning DTH — is this sensible? Concern about cultural integrity — Bhutanese
programming could be swamped if BBS is only one in a field of many?

Clarity of policy and regulation for private sector to have clear basis to invest? Needs
leadership per earlier question

DTH would be a disincentive for private cable and other operators to invest in indigenous
technology?? Need a policy to attract investment?

How do existing businesses in broadcast and broadband be included in the digitalization
initiatives

Spectrum — lots of channels need lots of spectrum — DTV more efficient. What incentives to
operators in return for the benefit of spectrum saving — how can private sector contribute?
WHAT are the implications for broadcasting production of digital v existing analogue?
What are the appropriate DRM arrangements?

Single BBS service — OS content has lots of adverts. How to protect Bhutan from OS
commercial content — other countries have clean feed? (See Q34)
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Annex D
ITU Field Mission on Digital Television Migration in Bhutan

7.4 Annex D: ITU Guidelines on the Transition from  Analogue to Digital
Broadcasting — Workshop Presentation April 2010

Guidelines on the transition from Analogue
to Digital Broadcasting
| —

April 2010

Sameer Sharma , Senior Advisor
ITU Regional Office for Asia and the Pacific
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Annex E
ITU Fidd Mission on Digital Television Migration in Bhutan

7.5 Annex E: Suggested Agenda for Planning Meeting of Working Committee

A

Suggested Agenda and Work Plan
For the Recommended I nitial Long M eeting of the Working Committee
1-2 days

Introduction and Purpose
Discussion of Consultant’s Reports and Recommeumisti
Terms of Reference for Working Committee

Future Working Arrangements and Organization iniclgérrangements for
circulation of meeting records of decisions, ddaftuments etc.

Review Consultant’s Suggested Road Map OutlineVlodk Plan contained in Field
Mission Report

Review Consultant’s Suggested Timetable for theRMmd agree an appropriate
timetable taking account of available resourcesmratities

Allocate tasks for development of draft sectionghefroad map and establish
reporting deadlines for delivery of drafts for Wimigx Group Discussion

Establish timetable for future meetings and allec#liverables tentatively to the
agenda for those meetings.

Discuss Key Policy Guidance that may be neede@-Csasultant’s suggestions and
associated material.

Reference M aterial

1. First Report from ITU Consultant (Final Report daganuary 2010)

Field Mission Report from ITU Consultant (Draft sem 1.0 dated April final
version to come from consultant and ITU shortly)

Draft Terms of Reference for the Committee as Ugdiaty Consultant during the
Field Mission\

4. Working Committee Discussion Questions from ITU iRigpMigration Workshop

Strategic Questions from the Consultant’s first &tep
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7.6 Annex F: Bhutan Responses to ITU DTV Migration
Questionnaire
Questionnaire Part |
Q.1 Ministerial and organisational broadcast responsibilities

Ql1 Please list each ministry and/or organisations, together with their respective responsibilities, for each of
the following sound and television broadcasting issues:

Policy, Broadcaster licensing, Broadcaster Regulation, Spectrum Regulation, International coordination of
spectrum use, Technical planning.

(For example, some administrations have separate ministries responsible for broadcasting policy or broadcaster
licensing matters and spectrum management or spectrum usage licensing, other administrations have separate
organisations for broadcasting and non-broadcasting services and separate ministries organisations from sound
and television broadcasting)

Ministry/Organisation Name Responsibilities

1 | Department of Information & Media, Ministry of Media (including broadcasting) Policy

Information & Communications .
Media development

2 | Bhutan InfoComm & Media Authority Broadcaster regulation, licensing, spectrum
regulation, international coordination spectrum,
technical planning

Q1.2  Which of the above ministries or organisations would take overall responsibility for the introduction of
digital broadcasting in your country?

MolC

Q2 Plans for the introduction of digital broadcasting

Q2.1 Does the government or regulator have any plans to introduce digital terrestrial broadcasting services?
(Please indicate ONE of the following)

1 No plans at this moment

Currently developing a plan for the introduction of digital broadcasting services N

Finalising a plan for the introduction of digital broadcasting services

Installation stage

Trial service stage

Simulcasting

~N| o O M W N

Other (Please describe)

Q2.2 If in question 2.1 you have selected option 1, has the government or regulator identified a year when it
will start the process of introducing digital broadcasting?
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Yes - please indicate the date for the relevant Radio TV Mobile Data
service(s)

No - please explain why your country has no
current plans for introducing digital broadcasting
and if this relates to a particular difficulty in
converting to digital broadcasting, please also
describe the problem

Q2.3 What year has the government or regulator chosen for the end of the transition period?

i) Under the GEO6 Regional Broadcasting Agreement, the end date for the

transition from analogue to digital broadcasting is 17 June 2015 in the band 470-862 MHz. However, in the band
174-230 MHz, while most countries also agreed the 17 June 2015 will be the end date for the transition from
analogue to digital broadcasting, some countries chose an end date of 17 June 2020

ii) some countries are planning to convert to digital broadcasting before 17 June 2015)

Q2.4 Which of the following groups is leading the demand for the introduction of digital broadcasting?

a Government v
b Broadcasters N
c Industry

d Consumers

e Other

Q3 Digital broadcast requirements

Q3.1  Which of the following digital services is the government or regulator considering, or intending to
introduce? (please indicate ALL relevant services)

1 Digital radio broadcasting

Digital terrestrial television broadcasting service

Interactive service

\/
\/
Digital terrestrial mobile television broadcasting service N
\/
v
\/

2
3
4 Datacasting
5
6

Other (please describe) (IPTV)

Q3.2  Which of the following requirements does the government or regulator intend to provide in your country
(Yes or N0)? (please indicate ALL relevant requirements)

Digital terrestrial broadcasting provides the opportunity to introduce new services, as well as change and
enhance the provision of existing services

1 Provide additional programme channels

Extend the existing coverage of services in terms of population or territory Yes

Introduce new services like datacasting

Use the digital dividend to introduce other radiocommnunication services

2
3
4 Increase the broadcast licence revenue from new broadcasters
5
6

Incorporate the terrestrial broadcast infrastructure within a public warning, disaster mitigation and Yes
relief system

7 Other (please describe)
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Q3.3 If the requirements listed in question 3.2 are not the same for digital radio broadcasting, digital television
broadcasting or digital mobile television broadcasting, please detail the difference in requirements between these
services.

Digital radio

broadcasting

Digital television
broadcasting

Digital mobile
television
broadcasting

Q4
Q4.1

ITU assistance

If assistance was provided to your country in the transition from analogue to digital broadcasting, which

of the following areas of expertise would be most helpful, marking each item on a scale from 1 to 5 (where 1
equals least important and 5 equals most important):

(Note: ITU resources are limited and will normally be in the form of provision of expert advice and assistance)

1

Adapting the Road Map to the requirements of your country

Ensuring national legislation is ready for the transition to digital broadcasting

Identifying potential sources of financing and preparation of budget

Collection of technical information

N[ N| |

Development of customer awareness

Provision of receivers

~N| O g A WODN

Technical or regulatory expertise

8

Other (Please specify)

Q4.2

Please provide any relevant additional information in relation to the items you have marked as most

important, in question 4.1.

Assess the feasibility or readiness of migrating to Digital Broadcasting.

Q4.3

If the ITU chose your country as a pilot for the transition from analogue to digital broadcasting in Asia-

Pacific Region, would your government be prepared to participate?

Yes

No (if no, then indicate date when you could participate)

Q4.4

Please provide the name and department of the person that can provide the necessary commitment to

the project.

Secretary, Ministry of Information & Communications

Q4.5

If the government or regulator has already started to introduce digital terrestrial broadcasting, what are

the main problems that have been encountered?

Q5
Q5.1

Digital broadcasting policy

Has the government or regulator indicated any preference for a particular form of digital broadcast

licensing and regulation? (please indicate ALL relevant cases)

‘ a

| Only existing analogue services will be allowed to convert to digital broadcasting
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b New entrants and existing analogue services will be licensed for digital broadcasting
[+ During the transition period only new entrants will be licensed for digital broadcasting
d During the transition period only existing broadcasters will be licensed for digital broadcasting
e Other (Please specify)
Q5.2 If the options listed in question 5.1 for digital broadcast licensing and regulation are not the same for

digital radio broadcasting, digital television broadcasting or digital mobile television broadcasting, please detall
the difference in requirements between these services.

Digital radio
broadcasting

Digital television
broadcasting

Digital mobile
television
broadcasting

Q5.3

access?

Has the government or regulator identified how many digital broadcasters it is prepared to grant

Yes (please indicate number)

public broadcasters - independent broadcasters -

No

Q5.4

How many broadcasters have currently indicated a desire to provide digital services?

(please indicate number)

public broadcasters - 1 independent broadcasters -

Q5.5 How will the government or regulator select the successful new broadcasters? (Please indicate the
method of selection applicable to public broadcasters and independent broadcasters)
Method of selection Public Independent
broadcaster broadcaster
1 Selection of licensee is by “beauty contest”
2 Selection of licensee is by auction
3 First come, first served v v
4 Other (Please specify)
Q5.6  Will the government or regulator require digital broadcasters to provide specific services?

Yes (please describe the specific
services required)

No

v

Q5.7

Does the government or regulator impose a requirement on broadcasters to provide coverage to a
minimum % of the population or territory (this limit may be based on national coverage, or regional coverage
where the broadcaster is only licensed to provide coverage in an area smaller than the whole country) ?

Yes (Please specify)
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No v

Q6 Licensing and regulation issues

Q6.1 If the government or regulator permits independent broadcasters, please indicate which of the following
broadcast licence conditions apply? (please select One option)

1 The fee for the broadcast licence is spread over the period of the licence with fee instalments v
paid annually

2 The fee for the broadcast licence is paid as a lump sum when the licence is awarded

3 Other (Please specify)

Q6.2 If the government or regulator permits independent broadcasters, what is the normal time period of the
broadcast licence, in years?

Maximum of 15years |:|

Q6.3 If the government or regulator permits independent broadcasters, then does the government or
regulator place any limitations on foreign ownership? (please select One option)

1 Foreign ownership is not permitted v
2 Foreign ownership is limited to a % of the broadcasting company (please indicate the percentage)

3 There are no restrictions on foreign ownership

4 Other (Please specify)

Q6.4 If the government has decided to introduce digital mobile television, which broadcast standard has it
considered or selected to provide this service? (Please indicate which standard would be used for mobile
broadcasting)

The GE-06 Regional Broadcasting Agreement is based on T-DAB for radio and DVB-T for digital television
broadcasting, different standards would be required for mobile television broadcasting

DVB-H v

MediaFLO

OneSeg

T-DMB

Other (please specify) Depends on the recommendation of the expert

Q6.5 Is the government or regulator considering the introduction of HDTV services?

No

Yes (please specify) After the introduction of digital broadcasting yes.

Q7 Digital broadcasting financial issues

Q7.1 Has your government, regulator or broadcasters analysed the cost of introducing digital services,
including the costs to the general public?

Yes

No N

Q7.2 Has the government or regulator indicated how the transition by broadcasters to digital terrestrial
broadcasting will be funded?
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No N

Yes (If yes, please indicate which of the following approaches apply):

1 | Government to fully fund the process for both state and independent broadcasters

2 | Government to partially fund the process for both state and independent broadcasters (if yes,
please indicate either the minimum % of costs or the minimum costs in US $ millions, the
government will fund)

3 Government to fully fund the process for state broadcasters only

4 | Government to partially fund the process for state broadcasters only (if yes, please indicate either
the minimum % of costs or the minimum costs in US $ millions, the government will fund)

5 | Government to provide grants or loans to the broadcasters (if yes, please indicate the minimum
value of these grants or loans in US $ millions)

6 Broadcasters expected to fund the process from their own income or resources

7 Other (please specify)

Q7.3 If the government or regulator is not funding the transition by broadcasters to digital broadcasting, nor
are they providing grants or loans to independent broadcasters, will they provide other incentives to allow
independent broadcasters to recover the costs (e.g., extending the broadcast licence period) ?

Yes (please specify)

No Possibly, but will depend greatly on the expert’s recommendations

Q7.4 Has the government or regulator indicated whether they will subsidise the consumers costs in
converting to digital terrestrial broadcasting?

To receive digital broadcasts consumers will need to purchase new or additional equipment. This equipment may
be limited to a separate converter, known as a “set-top box.” However, in some areas, either due to a change in
the frequencies used for transmission, or because of a weak broadcast signal there may be a need to replace
the receiving antenna and antenna cable.

No N

Yes (Please specify)

Q7.5 Has the government or regulator decided whether to offset the costs of digital conversion by the sale of
broadcast licences to new broadcasters or the sale of spectrum released by the digital dividend to new services?

Yes (please specify)

No N

Q8 Existing access to digital and mobile services
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Q8.1  Can the general public in your country already receive digital broadcast services, if so please indicate
which sources of digital broadcast services are available (please indicate ALL sources)

1 digital radio broadcasting from broadcasters within the country
2 digital television broadcasting from broadcasters within the country
3 digital services provided by cable operators
4 digital services accessed over the internet v
5 digital services provided by satellite
Q8.2 Please indicate the extent of mobile phone usage in your country by
Number of mobile phones (1000s) 390
The percentage of the population with access 57.5 %

to mobile phone services

The percentage of the total area of the 64 %
country covered by mobile phone services

Q8.3  What percentage of the population have access to internet services ?

Q9 Broadcasting Structure

Q9.1  Which organisation(s) provide terrestrial broadcasting in your country, how are they funded and what
type of broadcast service do they provide?

In some countries terrestrial broadcasting is operated solely by the government, in other countries terrestrial
broadcasting is operated by government and independent organisations. Both public and independent
broadcasters may be funded from a variety of sources, although independent broadcasters are not funded by
government.

Please list the relevant broadcasting organisations, whether they are government or non-government, the two
principle funding mechanisms and their approximate percentage contribution to the broadcaster’s total income
and whether they provide both radio or television services using the following codes as indicated in the examples
shown on the first three lines. Note: the % of income does not have to equal 100%, as broadcasters have a
number of methods for earning income e.g., the sale of programmes to other broadcasters. (Please add
additional rows as required).

Funding Mechanism key

Government - the most common are through general taxation, a public subscription, the purchase by the
consumer of an annual licence or authority to receive radio or television broadcasts.

Advertising — sale of time for commercials, sponsorship of programmes etc.

Subscription services — limiting provision of some programmes to customers who have paid an additional
subscription.

Terrestrial broadcast key

A — Analogue services, D — Digital services, A/D — Analogue and Digital services

Organisation Name Public Funding % Terrestrial

Broadcaster Mechanism of income -
(YeS/NO) Radio TV

1 |Bhutan Broadcasting Service Corporation Yes Government 0.5% A A

2  |Kuzoo FM No Private A

3 | Radio Valley No Private A

4 | Centennial Radio No Private A

5
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Q9.2 If terrestrial broadcasting is provided by more than one non-government organisation, then do these
non-government broadcasters compete with each other for listeners or viewers within the same geographical
area?

Yes Yes

No

Q9.3 If the answer to 9.2 is Yes, then is this competition between the broadcasters limited to radio
broadcasting or does it apply for both radio and television broadcasting?

Radio only N

Both radio and television

Q10 National Frequency Usage

Q10.1 Is the government or regulator satisfied that the digital assignments and allotments your country has in
the GEO6 Plan will enable digital terrestrial broadcasting to be implemented to the extent and timescales
required?

Yes v

No (Please explain difficulty)

Q10.2 Were any of your country’s digital assignments and allotments obtained at RRC-06 listed with a remark
indicating further coordination was required before it can be brought into operation?

At the Regional Radiocommunication Conference in 2006, some digital assignments and allotments were listed
in the digital Plan with remarks, indicating that further coordination was required with:

- existing analogue broadcasting assignments (until the end of the transition period), or

- new digital broadcasting assignments/allotments or

- existing assignments to other primary terrestrial services)

Yes v

No

Q10.3 If the answer to question 10.2 is Yes, do any of these digital assignments and allotments still require
further coordination before they can be brought into operation?

No v

Yes (Please list the relevant
assignments)

Q10.4 If the answer to question 10.2 is Yes, does the requirement for further coordination inhibit your country’s
ability to implement digital broadcasting and are there any difficulties in achieving the required coordination. (For
example some digital assignments cannot be brought into use until an analogue assignment in a neighbouring
country has been switched off)?

No 4

Yes (Please explain)
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Q10.5 What is the highest frequency used in your country for provision of terrestrial analogue broadcasting at:
MHz

VHF 88-108 for FM Radio
186-192 for TV

UHF 512 - 518 for TV

Q10.6 In the band 790-862 MHz, there is a primary allocation to the fixed service in Region 1. Is this frequency
band used in your country for fixed service operation?

Yes
No v

Q10.7 In your country, are any existing analogue broadcasting assignments in the band 790-862 MHz used for
the fixed service (the GE89 Regional Broadcasting Agreement permitted administrations to use their
broadcasting assignments in the frequency band 790 - 862 MHz for the fixed service)?

Yes
No v

Q10.8 Is your country currently using or proposing to use any of your GEO6 digital broadcasting assignments
or allotments in the band 790-862 MHz for the fixed service (the GEO6 Regional Broadcasting Agreement, also
permits administrations to operate non-broadcasting primary services under the mask of a digital broadcasting

entry in the Plan)?

Yes
No v

Q10.9 If the answer to question 10.8 is Yes, then please provide a list of the relevant plan entries

No

Yes (Please list the relevant plan entries)

Q10.10 Is your government or regulator considering, or has it already decided, to use the digital dividend arising
from the transition to digital broadcasting to limit your countries use of the band 790-860 MHz for digital
broadcasting services. ?

At WRC-07, a number of countries in Africa entered a new footnote making mobile services, except aeronautical
mobile, co-primary with broadcasting and fixed services in the band 790-860 MHz. This footnote is effective until
2015, when a further new footnote comes into force making mobile services, except aeronautical mobile, co-
primary with broadcasting and fixed services in the band 790-860 MHz across all of Region 1.

No

Yes (Please specify)

Q11 Country statistics

Q11.1 Please indicate the following

Total area of country (in sq km): 38,394 sqg.km.
Total population size (in millions) 693,407 (2009)
Q11.2 What % of the population live within the following areas and what area does this cover ?
% of population % country area
- City dwellers: 21% Not known

- Rural location, town dwellers:
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- Remote village/country dwellers: 79% Not known

Q11.3 Please identify any significant trends in population distribution

Rural-urban migration growing annually @ 7%

Q11.4 What are the major languages spoken and the % of the population speaking them?

Languages spoken by % of population
Dzongkha Not known
English Not known
Sharchop-kha Not known
Lhotsham-kha Not known

Q11.5 Please list the top 5 cities / population centres and their populations:

cities / population centres populations
(1,000)
1 Thimphu 98
2 Chukha 74
3 Samtse 60
4 Trashigang 51
5 Sarpang 41

Q11.6 Please explain any significant variations between the total land area of the country and the populated
areas of the country

Q11.7 Please provide any information relevant to the planning of radiocommunication services (e.g. the
existence of significant bodies of inland water, the country topology - mountainous very flat)

Mountainous terrain

Questionnaire Part Il

Section lla : Current Status Of Terrestrial Broadcasting Services

Q12 Analogue terrestrial television broadcasting service

Q12.1 What TV broadcast standard is currently used for analogue terrestrial broadcasting?
TV Standard
NTSC

PAL PAL
SECAM

Q12.2 How many analogue terrestrial broadcasting channels are currently available?

Q12.3 Please indicate the current number of viewers and average viewing time for each

analogue broadcasting channel, as shown in the example for the “Example Broadcasting Company Ltd”
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Channel % of the population within average number of viewers average viewing time

transmission coverage per week per week
(millions) (Hours)
BBSTV 20-T/ 50 with cable 0.05 3hrs
BBS Radio | 80 0.3 10hrs

(Please add more lines as appropriate)

Q12.4 What is the current combined coverage by all analogue terrestrial broadcasting services in your country
in terms of total population and territory?

Combined coverage from all analogue terrestrial
broadcasting

% of population % of territory

15 70

Q12,5 Please indicate in the following table the % of the population in your country that currently receive free
to air television services by the following means:

% of viewers

A separate externally mounted VHF/UHF antenna 15

An individual indoor aerial

Common antenna and distribution system (e.g. Multi-storey
buildings or low rise blocks of units)

Retransmission from the local cable operator 85

Q12.6 Which of the following frequency bands are currently used in your country for analogue terrestrial
broadcasting ?

VHF 174-223 MHz N
223-230 MHz
230-238 MHz

246-254 MHz
UHF 470-790 MHz Channel 21
790-862 MHz
862-890 MHz

Other

Q12.7 Please indicate the total number of homes in your country (i.e. “TV homes”) that have television
reception equipment in them?

Appr. 40,000

Q12.8 Please indicate the percentage of “TV homes” for each of the following?

| | TV homes with: % of homes % of colour TV sets |
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1TV set 15 15

a. more than 1 TV set 5 5—
b. AVCR —
c. A DVD recorder 2 2—

Q12.9 Are there any existing problems with fm radio reception or analogue television reception?

No 4

Yes (Interference from neibouring countries- India in the south, east and west and China in the north)

Q13 Digital terrestrial broadcasting service (see section 8 for mobile broadcasting)

Q13.1 Is your country providing digital terrestrial broadcasting services?

Yes

No v

Q13.2 Can any part of the population receive digital terrestrial broadcasting from neighbouring countries?

No (If you have also answered No to question 13.1, then please go to question 14.1) No

Yes

Q13.3 If the answer to question 13.2 is Yes, please indicate the following

Type of digital terrestrial Coverage from other countries digital terrestrial broadcasting
broadcasting service - -
% of population % of territory
Radio
Television

If you answered No to question 13.1, then please go to question 14.1

Q13.4 Inthe GE-06 Regional Broadcasting Agreement, radio broadcasting is based on T-DAB and television
broadcasting is based on DVB-T, it is therefore assumed that these broadcasting standards are being used for
provision of digital broadcasting services in your country, is this assumption correct?

Yes

No (Please indicate which standards will be
used)

Q13.5 Which of the following digital terrestrial services are currently available in your country?

1 Television
2 Radio
3 Data

4 Interactive

Q13.6 How many broadcasters are currently providing digital terrestrial broadcasting services in your country?

Q13.7 What is the current combined coverage by all digital terrestrial broadcasting
services in your country in terms of total population and territory?

Combined coverage from all digital terrestrial broadcasting

% of population % of territory
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Q13.8 How many programme or data channels are provided in each digital television multiplex?
Number
1 Television ch
2 Radio ch
3 Data ch
Q13.9 How many programme or data channels are provided in each digital radio multiplex?
Number
1 Radio ch
2 Data ch
Q13.10 What was the start year for these digital television multiplex services?
Start year
1 Digital terrestrial television broadcasting
2 Digital terrestrial radio broadcasting
3 Digital terrestrial data services
Q13.11 What was the start year for these digital radio multiplex services ?
Start year
1 Digital terrestrial radio broadcasting
2 Digital terrestrial data services
Q13.12 Which of the following frequency bands are currently used in your country for digital terrestrial
broadcasting?
VHF 174-223 MHz
223-230 MHz
Other
UHF 470-790 MHz
790-862 MHz
Other
Q13.13 How many of the following items of equipment are distributed in your country?
Numbers
(1000s)
a. A new DTTB set top box used with a standard TV set
An integrated digital television set (i.e. one with a DTTB tuner built in, including digital
televisions with Plasma or LCD displays)
C. A digital TV tuner card and a PC
Q14 Digital terrestrial mobile broadcasting service
Q14.1 Is your country providing a digital terrestrial mobile television broadcasting services ?
No (Please go to question 15.1) v
Yes
Q14.2 Please indicate the standard adopted for digital terrestrial television mobile broadcasting
| | Mobile broadcast standard Yes/No
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a | DVB-H
b MediaFLO
c Oneseg
d | T-DMB
Other (please specify)
Q14.3 Which of the following digital terrestrial mobile broadcasting services are currently available in your
country?
1 Video
2 Radio
3 Data
4 Interactive
Q14.4 How many broadcasters are currently providing digital terrestrial mobile broadcasting services in your
country?
Q14.5 How many programme or data channels are provided in each multiplex?
Number
1 Video ch
2 Radio ch
3 Data ch
Q14.6 What was the commencement year for these digital terrestrial mobile broadcasting services.
Q 14.7 Which of the following frequency bands are currently used in your country
for digital terrestrial broadcasting?
VHF 174-223 MHz
223-230 MHz
Other
UHF 470-790 MHz
790-862 MHz
Other
Q14.8 Within the bands indicated in question 14.7, please list the channels and bandwidth used for digital
terrestrial mobile broadcasting services
Channels Bandwidth
(MHz)
1
2.
3
4
Q14.9 How many of the following receivers have been sold in your country for digital terrestrial mobile

broadcasting service?

Numbers
(1000s)

Mobile phone
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b. | PMP

¢ | Car navigator
d. | Other

Section llb Current Status of cable TV Services

Q15 Analogue cable TV service
Q15.1 Are analogue cable TV services available in your country?

No (Please go to question 16.1)

Yes \
Q15.2 How many cable operators are providing analogue TV services in your country?

Q15.3 How many analogue TV programme channels are available on cable TV

services? 40
1-BBS

Q15.4 How many homes have access to analogue cable TV services?

40,000 approx.

Q15.5 What transmission method is used by the cable operator for the subscriber

local loop?
Yes/No
1 Coaxial cable Yes
2. | Fibre optic cable Yes
3 Wireless (LMDS or MMDS)
4 Both wireless and cable

Q15.6 If options 3 or 4 are selected in question 15.5, then what range of frequencies are allocated for wireless
operation?

From To
(GHz) (GHz)

Q16 Digital cable TV service
Q16.1 Are digital cable TV services available in your country ?

No (Please go to question 17.1) No
Yes
Q16.2 How many cable operators are providing digital TV services in your
country? ‘
NIL
Q16.3 How many digital TV programme channels are available on cable TV
services? ‘
Q16.4 How many homes have access to digital cable TV services?
Q16.5 What transmission method is used by the cable operator for the subscriber ch
local loop?
................ (1000s)
Yes/No
1 Coaxial cable Yes
2. | Fibre optic cable Yes
3 Wireless (LMDS or MMDS)
4. | Both wireless and cable
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Q16.6 If options 3 or 4 are selected in question 16.5, then what range of frequencies are allocated for wireless
operation ?

From To
(GHz) (GHz)

Section llc Current Status of Satellite Broadcast Services

Q17 Analogue satellite TV service
Q17.1 Are analogue satellite TV services available in your country ?

No (Please go to question 18.1)

Yes N
Q17.2 How many satellite operators providing analogue TV programmes can be

accessed from your country?

Q17.3 How many national broadcasters’ analogue programme channels can be
accessed from satellite operators? ‘ 1
Q17.4 What is the total number of analogue programme channels that can be
accessed from satellite operators (including trans-national direct to home TV
services) ? [odch
Q17.5 How many homes have access to analogue TV satellite services ?
) ) o ‘ ............... ch
Q17.6 What frequencies are allocated to analogue satellite TV services in your
country ?
Type of access Frequency Frequency
From(GHz) To (GHz)
1 Uplink (only if the uplink to the satellite is from 6.322 6.328
within your country)

2 Downlink 4.097 4.103
Q18 Digital satellite TV service
Q18.1 Are digital satellite TV services available in your country ?

No (End of questionnaire)

Yes
Q18.2 How many satellite operators providing digital TV programmes can be
accessed from your country? ‘
Q18.3 How many national broadcasters’ digital programme channels can be
accessed from satellite operators? ‘
Q18.4 What is the total number of digital programme channels that can be
accessed from satellite operators (including trans-national direct to home TV
services)? Lo ch
Q18.5 How many homes have access to digital TV satellite services?
Q18.6 What frequencies are allocated to digital satellite TV services inyour | ............... ch
country?

(1000s)
Type of access Frequency Frequency
From(GHz) To (GHz)
1 Uplink (only if the uplink to the satellite is from
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within your country)

2 Downlink
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Annex G

ITU Field Mission on Digital Television Migration in Bhutan

7.7 Annex G: List of Persons Interviewed by the Exp

ert during the Mission in
addition to members attending the Working Committee

Meeting

Name Position Organization
Hon Lyonpo Nandalal Rai | Minister MolC
Mr Kinley Dorji Secretary MolC
Mr Bhimlal Suberi Director PPD MolC
Mr Kinley T. Wangchuk Director IM MolC
Mr Karma Wangdi Officiating Director DITT MolC
Mr Sonam Phuntsho Director BIMA

Mr Thinley Dorji

Managing Director

Bhutan Telecom

Ms Pema Choden

Managing Director

Bhutan Broadcasting
Service

Mr Tashi Tshering Executive Director TashiCell

Mr Wangay Dorji Head Telecommunications | BIMA

Mr Jigme Wangdi Head Radcom & Resource | BIMA
Management

Mr Panchaman Rai Officiating Chief Engineer | BBS

Mr Rinzy Dorgi

Chairman and MD of
DrukCom

Cable TV Operators
Association Bhutan

Mr Ronrig S Mututsang

CEO

SamdenTech

Several Staff Reporting to
Director General — DG
Caught up in SAARC

Dept of School Education

Working Committee
Members
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7.8 Annex H :Bhutan Digital Migration Plan Working

Annex H

ITU Fiedd Mission on Digital Television Migration in Bhutan

Group Membership

March 2010
WORKING GROUP MEMBERS
# | Name Designation Agency email mobile#
Deo Kumar | Manager, Bhutan
1 | Bishwa Promotion Telecom deo.biswa@bt.bt 17113027
Jigme Executive
2 | Wangdhi Engineer BIMA Jigme@bicma.gov.bt 77600204
Karma Sr. ICT
3 | Wangdhi Officer DIT kwangdi@dit.gov.bt
Ngawang Satellite
4 | Dorji Engineer BBS ngawangdorji@bbs.com.bt
Panchaman | Offtg. Chief
5| Rai Engineer BBS pancha rai@bbs.com.bt 17602526
Will represent
Chairman both ITAB and
6 | Rinzin Dorji | ITAB ABCO rinzy@druknet.bt 17110217
Subash
7 | Sharma Engineer Tashi InfoComsubash.sharma@tashicell.com 77101010
Sonam
8 | Dhendup PPD, MolC sdendup@moic.gov.bt 17875525
Tshering
9 | Dhendup ICT Officer DolM, MoIC | tshering.dhendup@gmail.com
Wangay Executive
10 | Dorji Engineer BIMA wangdorji@druknet.bt 17624363
PPD, MolC
(will attend the
Dorji Planning meetings on
12 | Wangmo Officer and off) dwangmo@moic.gov.bt
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Annex |
ITU Fidd Mission on Digital Television Migration in Bhutan

7.9 Annex | : Digital Migration Workshop Expert's P owerpoint Slides

:@ =

Committed to connecting the world

Digital Migration Workshop
Thimphu, Bhutan April 2010

Colin J Knowles
ITU Consultant/Expert
colin.knowles@bigpond.com
Tel: +61 418 535 885
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Annex J
ITU Fidd Mission on Digital Television Migration in Bhutan

7.10 Annex J: Outline for Bhutan DTV Road Map
A Guide for the Working Committee

This is an outline of a possible form of a fingboet of the Working Committee, which could
then easily be converted to the Roadmap after dassare made by simply updating the
document to reflect the agreed strategies. Itravjpled to serve as a guide for the Working
Committee and the various sections can be usedh@sWork Plan and responsibility
assigned to various members of the Committee toib®rthe necessary information in
advance of Working Group Discussion which wouldhthe documented into the report as
the work progresses. The order of headings cachbaged to suit the need and some of the
headings may not be relevant. Information to patgusome of the headings will be found in
the First ITU Consultancy Report delivered in Jarpua010. Some guidance on other parts
is contained in the Second Report (the Consultdfigld Visit Report dated April 2010).

The work of the Committee and its deliberationsukh@enerally follow the logical flow
given in this outline which will then allow the Canittees deliberations, and arguments to be
easily captured. The usual way to progress isake ta heading and develop the fact base,
such as the Technology or Policy Options, to wipgethe possible alternative and arguments
and then to discuss these in the Working Committeketermine if all of the options have
been covered and the pros and cons and then tdhvreaecommendation on a way forward

Note that where there is a lot of detail, this dddae put into a supporting Appendix to the
Report and the headlines mentioned in the bodgeofdport along with any particular
observations as to how the facts might assist maldr the work

7.10.1 Introduction and Purpose

Explain the reason why Bhutan is considering DT\gidtion and the background to
creation of the Working Committee, its functions.ein other words why is this Road
Map/Report being written?

7.10.2 Current State of Television Broadcasting Development

This section explains the current situation foregdion and sets the framework against
which migration must be considered. All aspectsusthbe stated in summary form. The
details can go to Annexes but in the ideal thisikhbecome a reliable repository of factual
information about the infrastructure, costs andsvaywhich television is currently
delivered, the programming and limitations etc #dredway it is distributed.

It should include mention of current concerns saglDTH etc as these are things for which
solutions might be easier in the wider context aWD
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7.10.2.1 Freeto Air

This will be about BBS Television Delivery, but ¢dunclude issues about trans-border
terrestrial if there is any relevance .

7.10.2.1.1 Transmitter Locations and estimated Coverage anda@hel
Allocations/Spectrum Used

7.10.2.1.2 Transmitter Input Arrangements
How are the transmitters feed with program (egligatewireless link, optical cable)

7.10.2.1.3 Other Delivery Arrangements

Information about special arrangements for remakages (such as communal TV viewing,
from DTH or cable feed such as those installedHerElection and Coronation in the 176
locations without TV should be mentioned here.

7.10.2.1.4 Transmission Hours

7.10.2.1.5 Program Content

7.10.2.1.6 Costs and possibly current investment and remainliig of the
infrastructure

7.10.3Any Current Developments (service extensions plashioe proposed or in
train)

7.10.3.1 Cable

As cable is an important means of delivery in Bhutawill be important to the DTV
delivery as well. This section will document wisaknown about the cable systems so that
the plans can take into account the public depereden this means of delivery.

7.10.3.1.1 Description of Cable Arrangements Locations andissdted
Coverage: Subscriber Numbers

7.10.3.1.2 Cable Technology in Use (eg Fibre, Coaxial, Digitat Analogue)

7.10.3.1.3 Costs and possibly current investment and remainliig of the
infrastructure
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7.10.3.1.4 Any Current Developments

7.10.3.1.5 Concerns (pirating content??etc)

7.10.3.2 DTH

Given the concerns mentioned to the Consultarg, séms an important question to be
considered along with DTV so it should be mentioimethis background data repository of
issues.

7.10.3.2.1 Description of current arrangements including BB3ddribution if it
is available DTH

7.10.3.2.2 Current situation and Developments

7.10.3.2.3 Costs (if relevant)
Could include here the costs incurred in BBS dstion of its program to transmitters.

7.10.4 Current Concerns and Related Developments

This section should describe any current mattecoocerns that may need to be taken into
consideration by the Working Committee during idilaerations and which might shape the
recommended outcomes.

7.104.1 Any particular concerns about existing TV arrangements.

7.10.4.2 Related ICT Developments

As DTV is an important component of the ICT langszdt can be put into context here and
any relevant developments mentioned. One of th& mportant ones is the roll-out of
Optical Fibre Cable across the county.

7.10.4.2.1 Optical Fibre Roll-Out and Capacity

7.10.5 Policy Objectives/options relevant to DTV

Some of the points listed below may already ber@eanight need early decisions to allow
the DTV Migration strategy to be adequately shapddnce as the work progresses these
might change from being questions to MolC to agisacties that are documented as
foundational to the work. As policy confirmatioragntake some time, the Working
Committee should make recommendations and thethesecommendations as the way to
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move forward. If there is a change later thanabsumption can be changed and the other
conclusions adjusted if necessary.

7.105.1 DTV Objectives (SDTV/HDTV/Emergency Broadcast....)

What do we want to do with DTV and what types o¥ses should be considered by the
Committee in its system a and service planningaegi This might include SDTV, possible
numbers of channels, future HDTV and so on. Ithh&et out the strategy of moving from
one to the other as economic conditions and contmuaeids change.

7.10.5.2 Target Coverage

What do we expect to cover and over what time frantie DTV, and how will the balance
be addressed

7.10.5.3 Competition

How and when might competitive private broadcassieryices be introduced. Should they
be digital only, should any new services be delay®d Digital is in place. etc

7.10.5.4 Access

If infrastructure is shared (and some must bepeesve of the solution) then what
arrangements should be in place to ensure levgingldield and at the same time
appropriate charges for shared facilities.

7.10.5.5 Content

Are there any desired content outcomes for DTVHdgcational Channel, Government
Information Channel, which could use some of the napacity provided by DTV at very
low marginal cost.

7.10.5.6 ??Mobile Televison?

Is this a concern or aspiration. Different teclogs have different ways of delivering this.
Some need separate infrastructure. What the caeemeeds to decide or know is this
relevant to Bhutan and how would this sit in relatio future mobile telephony etc. There
would be cost for mobile DTV that needs to be festianto the decisions

7.10.5.7 Spectrum

Are there any compelling spectrum issues to beesseid such as Digital Dividend (as
Bhutan does not use any of the bands ITU expedeés by 2015 and there is no pressing
demand for alternative use of the spectrum tharait not be a relevant concern. That
should be mentioned. At the same time it mightdbevant to mention agreements as to long
term preservation of particular bands etc.

7.10.5.8 Arrangementsfor New Servicesin theInterim?

If there are new services would they be allowedttst on Analogue, and if so what rights
would they have to migrate, simulcast etc.

7.10.5.8.1 Requests from Private Operators?
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How are requests for private channels going todrelled while the DTV migration work is
in train, and before commencement of DTV.

7.10.5.8.2 BBS Extensions

Are further extensions for BBS to continue on Argale or should new transmitters in areas
not currently served go immediately to Digital?

7.10.6 Relationship with Other ICT Policies

The headings are a guide as to possible policysareelevance that should be considered
by the Committee

7.10.6.1 Access

7.10.6.2 Education

7.10.6.3 National Development

7.10.7 Digital Television Standards

In this section the options should be considerednf® Bhutan Standard. It may be useful to
list the various world standards and some of ttlediracteristics (see the ITU Report on
Digital Migration ITU Rep 2140 for summarized dé&ta(An extract is attached to this
outline)

7.10.7.1 Special Consider ations (eg following lead of 1ndia??)
This may impact on timing and choice and so idevent factor

7.10.7.2 Analysis of Options

This depends on how strongly the preference alresafty DVB as to whether there needs to
be much said about the other systems. It woulgdognent to mention and analyse things
like whether to adopt DVB-T or DVB-T2, MPEG2 v MPBG Guidance is contained in the
Consultants Field Mission Report for Bhutan.

7.10.7.3 Preferred Option

7.10.7.4  Arrangementsto formalize the standard in Bhutan

What are the arrangements to make this a Natidaald&rd, and how will the nation specific
components and tables within the standard be douieti€eg through the National
Standards Body, By Government Proclamation.....)

7.10.7.4.1 Availability of Equipment
Consumer and Professional production/transmissigtniftlition equipment.
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7.10.7.4.2 Commentary on preferred configuration of the systém

How should the preferred system be set up. Edcsedata rates, number of channels in the
multiplex, type of sound system to be used, eroorection, Electronic Program Guide,
allocation of data capacity, preferred data radeshannels, Use of Wide Screen formats and
arrangements to accommodate viewing of 4:3 receiwtc.

7.10.8 Spectrum Consideration

What channels should be used and what are theiptanancerns if any for implementing

the recommended standard. For example are DT\icesrto be in the same frequency band
as existing analogue transmitters, how far awaylshihey be spaced in frequency (eg
adjacent channel or one channel removed in VHF,itmidHF) see second consultants report
for commentary on this.

7.10.8.1 Proposed Spectrum to be used for DTV

7.10.8.2 Preferred channel assignmentsand why

7.10.9 Proposed Delivery Model
Shared or stand alone multiplexer

7.109.1 Multiplexer Arrangements

How channels on a shared multiplexer will be madagéao should “own” the multiplex,
how do others get access, arrangements for actess e

7.10.9.2 Mix of Terrestrial, Cable, Satellitein delivery of DTV

How do other delivery means fit into the model otilee DTV broadcast system is
determined

7.10.9.3 Industry implications (cable industry etc and switchover to
digital)
How and when should cable start moving to a digieivery model, how will DTV services

appear in the cable channel line up, will the catgmultiplex be carried transparently or
will it have to be recoded etc.

7.10.9.4 Possible transition and development of DTV reach over time

Clearly it would not be sensible to start everyvehatrone time, Therefore there should be a
plan that will see DTV start in one or two majontres and then expand over time. Just how
far should the plan to reach before it is no lonmgasonable to deliver the signal terrestrially

7.10.10 Infrastructure Implications
What does it mean for towers, etc.
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7.10.10.1 Transmission Towersand Facilities

7.10.10.2 Electric Power

7.10.10.3 Distribution System for DTV signal
Will this be via the optical fibre cable or via site? In some cases it will be a mix.

7.10.10.4 Cable Services
What are the implications for cable operators?

7.10.10.5 Studio/Production Implications

What investment is required for encoding, multijphgx presentation of new channels if any
and so on. Who should be responsible for estabgisloperating, maintaining etc.

7.10.10.6 PossibleIndustry Incentivesto support Transition

Discuss possible incentives, such as exemptioms ¢haties on imported equipment, direct
financial subsidy, licence fees and any other opéind arrangements and suggest what
might be needed and the likely costs.

7.10.11 Content Opportunities

Discuss new and current possibilities that DTV rdgliver for new content that advances
GNH and national development. What might suchaitiites cost and how could they be
fazed over time

7.10.11.1 Education

7.10.11.2 Local Production

7.10.11.3 Information Services

7.10.11.4 Etc?

7.10.12 Regulatory Impacts

What changes or additions are needed to existieg and regulations to enable the preferred
solution.

7.10.12.1 Changesto existing L egidation?
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7.10.12.2 New Regulations?

7.10.13 Timing Considerations

When should all of this happen. What makes semse &n economic and practical point of
view. This section should discuss options andrarai a considered solution. It can’t be
considered in isolation from economic aspects meetl in the next section so drafting may
require a few cycles once the overall cash flovd aptions are considered. The
arrangements for roll-out over time also impacttaas.

7.10.13.1 Optionsfor rolling out DTV and eventual Analogue Switch Off

7.10.13.2 Proposed Roll-Out Timetable

7.10.13.3 Determining appropriate schedule of Analogue Switch Off

What factors might be relevant to switch off. Anere specific targets to be achieved, or
should there be a prescribed date to aim for.

7.10.14 Consumer Impacts

Discussion of ways of receiving DTV, (eg integratedeiver, set top box), issues related to
4:3 analogue displays v 16:9 in modern wide scr8epply of receivers etc.

7.10.14.1 How Consumer can accessDTV

7.10.14.2 Receiver Supply

7.10.14.3 Possible Assistance to some viewers?

What assistance may be needed for low income grdwaps might this be managed, what
would it cost etc.

7.10.14.3.1 FTA options

7.10.14.3.2 Cable?

7.10.14.3.3 Satellite?

7.10.15 Economic Considerations
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7.10.15.1 Costs

7.10.15.1.1 Government
All costs for Government, including regulatory cgshcentives etc.

7.10.15.1.2 Broadcaster

7.10.15.1.3 Cable Operators

7.10.15.1.4 Public

7.10.15.2 Benefits

Many of these will be qualitative rather than qaine or very difficult to assess in hard
terms. However, this is not a new problem on mubdilicy and in this section the benefits
should be summarized in whatever form is appropaaid might cover things like improved
access to information, improved literacy, enterta@nt choices in Bhutanese languages....etc

7.10.15.3 Estimated cash flow requirement

Against the proposed plan what cash would be neetied. If there are options then these
should be set out as alternatives (eg a more sralggressive roll-out will have significantly
different cash flows)

7.10.15.4 Funding Arrangements
Where might the funds come from? What are theipiiies?

7.10.16 Post Switchover Spectrum Considerations

Will any of the spectrum be cleared or earmarkeaftber uses at the end of the migration (it
could perhaps occur earlier where spectrum is waican

7.10.16.1 National Band Spectrum Planning Considerations

7.10.17 DTV Implementation

In this section we look at rolling out DTV agaittisé plan. What has to be done? Who will
do it? When will they do it? What are the spediéisks to be performed.

7.10.17.1 Responsibilitiesfor | mplementation amongst various
Stakeholders
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7.10.17.2 Switchover Principlesand Arrangements

7.10.17.2.1 Simulcast?

7.10.17.2.2 Roll-out of Digital Only Services to Unserved Comnities?
7.10.17.2.3 Switch Off of Analogue

7.10.17.2.4 How will the change be managed

7.10.17.3 Communications Strategies

How and when will consumers and industry startaarformed of the changes.
7.10.17.3.1 How will industry and community be informed abouté changes

7.10.17.3.2 When should communication campaigns start

7.10.18 DTV Recommendations and Proposed Timetable

7.10.18.1 Summary of Recommendations from Above and Decisions

In the draft stage this section will set out whegds to be done to make it happen, what
decisions Government has to take etc. When thisides are made, the document could be
updated to reflect the decisions taken so thagdbimes the model against which the
developments will occur.
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AnnesK to
ITU Fidd Mission on Digital Television Migration in Bhutan

7.11 Annex K: Extract from ITU Report 2140 descri  bing the various
DTV systems around the world.

Description of Various DTV System
from ITU Report 2140 Section 2

2.6.2.1 ATSC

The ATSC Digital Television Standard was desigrethaiximize the ability to transmit high quality
video and audio and ancillary data within a sirgjlHz terrestrial television broadcast channelsThi
design focus resulted in the advent of digital hdeffinition television (HDTV) and multi channel
surround-sound as well as the capability to providgtichannel standard definition and data
broadcast and interactive services

The 8-VSB modulation mode for terrestrial broadicastvas designed for spectral efficiency,
maximizing the data throughput with a low receigarrier-to-noise@/N) threshold requirement,

high immunity to both co-channel and adjacent ckhimerference and a high robustness to
transmission errors. The characteristics of 8-V#@&wathe use of DTV channels in a crowded
spectrum environment that contains both analogdedaital television signals. Lower power
requirements of 8-VSB allow ATSC DTV stations tas¢xon channels where analogue stations
cannot due to interference constraints. The sgexffraiency and power requirement characteristics
of 8-VSB are essential to the conversion of teri@dbroadcast transmission from analogue to digita
since new spectrum is not allotted during the itenmsphase.

The ATSC system uses the MPEG-2 transport streataxsyor the packetization and multiplexing of
video, audio, and data signals for digital broatlogssystems. The Program and System Information
Protocol (PSIP) defined in ATSC standard A/65, ssrall collection of tables designed to operate
within every Transport Stream (TS) for terresthiedadcast of digital television. Its purpose is to
describe the information at the system and evertddor all virtual channels (channel numbers are
not tied directly to the actual RF channel frequgmarried in a particular TS. Additionally,
information for analogue channels as well as digitannels from other Transport Streams may be
incorporated.

ATSC utilizes the MPEG-2 video stream syntax (MRiofile at High Level) for the coding of video.
Table 1 lists the compression formats allowed AR SC Digital Television Standard. Note that
both 60.00 Hz and 59.94 (60x1000/1001) Hz pictates are allowed. Dual rates are allowed also at
the picture rates of

30 Hz and 24 Hz.

TABLE 1
Compression formats
Vertical lines | Pixels | Aspect ratio Picturerate
1080 1920 16:9 60I, 30P, 24P
720 1280 16:9 60P, 30P, 24P
480 704 16:9 and 4:3 60P, 601, 30P, 24P
480 640 4:3 60P, 601, 30P, 24P
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The ATSC Standard - Digital Audio Compression (AXa8 defined in the ATSC A/52B is used for
the coding of audio. Enhanced AC-3 (E-AC-3) whicbyides additional coding tools and
capabilities is also defined by the A/52B Standard.

ATSC has developed a suite of data broadcast sdsdad the ACAP standard for interactive
television services.

ATSC-M/H

ATSC-M/H (A/153) provides mobile/pedestrian/handhiletoadcasting services using a portion of the
~19.39 Mbit/s ATSC 8-VSB payload, while the remands still available for HD and/or multiple
SD television services. The M/H system is a duaesh system—the ATSC service multiplex for
existing digital television services and the M/Hivéee multiplex for one or more mobile, pedestrian
and handheld services.

The ATSC Mobile/Handheld service (M/H) shares tlne RF channel as a standard ATSC
broadcast service described in ATSC A/53. M/H iabded by using a portion of the total available
19.4 Mbit/s bandwidth and utilizing delivery ové? transport. The overall M/H system is illustrated
in Fig. 4.

FIGURE 4
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More detailed information on ATSC can be found ih.§, Part 2.

2.6.2.2 ChinaDTV
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China DTTB national standard, “Framing structutearmel coding and modulation for digital
television terrestrial broadcasting system” waseasison 18 August 2006 by standardization
administration of China and was enforced dmM\ligust 2007. The ChinaDTV system was designed
with built-in flexibility, adapt to variety of reggion: it is capable of coping not only with fixed
reception but also mobile reception, simultaneossfyports the application in the adjacent channels
to an analogue TV channel, and the framework aflsifrequency network with the same
programme.

The ChinaDTV system had a special design of thes&iience frame header and symbol guard
interval insertion that can achieve rapid and &ffitchannel estimation and equalization, Low
Density Parity Check coding (LDPC), spread spectitamsmission of the system information, etc.
The system supports data rates from 4.813 Mbit32t486 Mbit/s, having application to standard-
definition television (SDTV) and high-definitionléxision (HDTV). Also the system was designed
for the current 8 MHz TV channel spacing used iin@h

It provides service flexibility, with constellatianapping of 64-QAM, 32-QAM, 16-QAM, 4-QAM,
4-QAM-NR, FEC coding LDPC (7488, 3008, (7488, 4512188, 6016), frame header length
PN420, PN595, PN945 and two kinds of convolutiontdrieaving possibility, if desired, of many
options. Mobile reception is possible for 4-QAM-NRQAM even 16-QAM and also for higher
modulation orders, proven by extensive laboratoeasarements and field trials under different
channel conditions.

The system had strong robustness under differafitomments, against the echoes from terrain or
buildings or co-channel signals from distant traiti@rs or in an SFN. This capability will improve
spectrum utilization efficiency when planning dégitelevision services in crowded spectrum
conditions as occurs in China.

The ChinaDTV system included randomization for ggeatispersal, channel coding, interleaving,
constellation mapping, framing structure, procegsififrame information, processing of baseband
signals and RF signals in every 8MHz digital tedémn band in UHF and VHF spectrum.

Now, a series of relevant digital terrestrial té&d&n specifications are under development, and
several transmitting stations in Olympic cities beéng established, and the HDTV program has been
launched in Beijing in October, 2007.

2.6.2.3 DVB-H

The merger of audiovisual and telecommunicationises has already been implemented, as most
telecommunication actors envisage having TV oveBxINo doubt the user will soon require the
associated service environment to be availabléhemiove. Services can be expected to benefit from
a window of opportunity of 8-15 years (eight yerthe approximate time frame from now until
analogue TV simulcast is turned off in most cowstriwhile 10-15 years is the time before new radio
systems, whose requirements are currently beirayisied under the label "4G", are rolled out-
assuming it will take ten years for 3G to reachakreven point). The opportunity comes from the
fact that cellular associated with DVB-T/H wouldtg@atially have some of the expected 4G
capabilities.

At the basis for the commercial provision of coment services in mobility, particularly use is made
of the DVB-T/DVB-H standard and the concept of W@éss communication networks (GSM/GPRS,
UMTS) combined with terrestrial DVB broadcast netkg

In the new business and regulatory environmentaiger-term activities of various international
work-groups such as DVB and 3GPP have slowed dewndastry searches for a shorter-term return
on investment. The project will bridge this receahd with the latest technological developments,
allowing DVB in particular to keep its worldwide hination as a broadcasting standard toolbox by
supporting the design and testing of the DVB-H déad that is necessary because DVB-T is
presently being challenged by ISDB-T in mobilitydgsower consumption issues.
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A study on mobile TV (October 2007) was made byRbéicy Department of the Economic and
Scientific Policy Directorate of the European Rarient.

More detailed information on DVB-H can be foundPart 2, § 1.7.

26.24DVB-T

The Digital Video Broadcasting — Terrestrial (DVB-dystem was essentially designed with built-in
flexibility, in order to be able to adapt to allasinels: it is capable of coping not only with clear
channel but with interleaved planning, i.e. in dugacent channels to an analogue transmission, and
even co-channel operation for the same programnuiffeyent transmitters (SFN).

The multi-carrier (DVB-T) system was designed ordly for the 8 MHz UHF channel spacing used
in Europe and has been adapted to fit 7 and 6 Midnmels. Depending on the choice of coding and
modulation parameters, data rates from 20 to 3a/Mban be realized to deliver high quality digital
television through the broadcasting channels. Hyjualver data rates can be employed in cases
where additional ruggedness is considered to hieathés

It also permits service flexibility, with the pob8ity of reception by rooftop antennas and al§o, i
desired, of portable reception. Mobile receptiopdssible for quadrature phase shift keying (QPSK)
and also for higher modulation orders, proven lgmsive laboratory measurements and field trials
under different channel conditions.

The system was also designed to be robust agatesterence from delayed signals, either echoes
from terrain or buildings or signals from distarartsmitters in an SFN. This capability will improve
spectrum utilization efficiency when planning daditelevision services in crowded spectrum
conditions as occurs in Europe.

The DVB-T system features a number of selectablarpeters, which allows it to accommodate a
large range of values f@/N ratio and channel behaviour, allowing fixed, pblga or mobile
reception, with a trade-off in the usable bit rdtke range of parameters allows the broadcasters to
select an appropriate mode for the foreseen apiglica-or instance, a very robust mode (with
correspondingly lower payload) is needed to enpartable reception. A moderately robust mode
with a higher payload could be used where thealigirvices are interleaved with analogue services
(for example in the adjacent channels to analogite).less robust modes with the highest payloads
can be used if a clear channel is available fotalitglevision broadcasting.

More detailed information on DVB-T can be foundPart 1, 8§ 1.6.

2.6.251SDB-T

The Integrated Services Digital Broadcasting - @stial (ISDB-T) system (used in Japan) is
designed to provide reliable high-quality videoyisth, and data broadcasting not only for fixed
receivers but also for portable/mobile receivetse $ystem is also provided flexibility, expandapili
and commonality/interoperability for multimedia bdrasting. The system is rugged because it uses
orthogonal frequency division multiplexing (OFDMrdulation, two-dimensional (time-domain and
frequency-domain) interleaving, and concatenateat-@orrection codes.

The ISDB-T system uses OFDM modulation associatiéu vand segmentation which is called
band-segmented transmission OFDM (BST-OFDM). THaBYT system consists of 13 OFDM
segments. Each segment has a bandwidth B/14 Mhize@@s the bandwidth of a terrestrial TV
channel: 6, 7 or 8 MHz depending the region), se segment occupies bandwidth 6/14 MHz (428.57
kHz), 7/14 MHz (500 kHz) or 8/14 MHz (571.29 kHZhe system has a wide variety of transmission
parameters for choosing the carrier modulationmseheoding rate of the inner error-correcting code,
length of time interleaving, etc. Each segmens&gned to a layer, for which a set of transmission
parameters can be selected individually.

Report on ITU Digital Migration Expert Field Missicdo Bhutan April 2010 65



The system supports hierarchical transmission dbupree layers (Layers A, B, and C). The
transmission parameters can be changed in eabless tayers. In particular, the centre segment of
this hierarchical transmission can be receiveddndheld receivers (called “One-Seg”). Owing to the
common structure of each OFDM segment, a one-segmegiver can “partially” receive a program
transmitted on the centre segment of an ISDB-Tai{partial reception is the name given to the
means by which a receiver picks out only part efttansmission bandwidth). The system has three
transmission modes (Modes 1, 2, and 3) havingréiffiecarrier intervals in order to deal with a
variety of conditions such as the variable guatdriral length as determined by the network
configuration and the Doppler shift occurring inbile reception.

The system uses MPEG-2 Video coding and MPEG-2ramhchaudio coding (AAC). Moreover, it
adopts MPEG-2 Systems for encapsulating data streBmerefore various forms of digital content,
such as sound, text, still pictures, and other,data be transmitted simultaneously. It has
commonality and interoperability with other systemsing MPEG-2 Systems, such as ISDB-S,
ISDB-C, and ISDB-Tg.

More detailed information on ISDB-T can be foundPart 2, § 1.8.

26.26T-DMB

For mobile multimedia broadcasting services, thpuRéc of Korea developed a video standard,
Terrestrial Digital Multimedia Broadcasting (T-DMBJhich is fully backward compatible with
T-DAB. Terrestrial Digital Multimedia Broadcastir{@-DMB) is designed to provide video services
for users in mobile environment with the backwandhpatibility with Digital Sound Broadcasting
(DSB) System A. The MPEG-4 AVC is known to have poession efficiency as high as up to twice
that of MPEG-4 Part 2 Visual (ISO/IEC 14496-2). TMBEG-4 BSAC is known to have the same
compression efficiency as MPEG-4 AAC (Advanced Audoding) and is characterized by its
additional functionality of fine grain scalabilitfhe Binary Format for Scene (BIFS) provides a
flexible composition capability for various multiaia objects in conjunction with MPEG-4
Synchronization Layer (SL) that enables smoothednd of different types of multimedia objects
for interactive services. For audio services, D§Bt&n A in Recommendation ITU-R BS.1114 uses
MUSICAM, however T-DMB system does MPEG-4 BSAC oPEG-4 AAC as well as MUSICAM
to provide enriched service supplemented by stitpes and texts.

More detailed information is given the Report ITUBR 2049 and in § 1.9.1, Part 2.

2.6.2.7 Forward Link Only (FLO)

Forward link only (FLO) is a mobile digital broadtzg technology designed to provide mobile
reception of broadcast multimedia content on hasdseaddress the physical limitations of the
handheld terminal, including power consumption, memmobility, and form-factor constraints.
Service elements of FLO include reception of reaktbroadcast video and audio streams; access to
multimedia services, and wide area and localizedesd in the same carrier. FLO system is designed
to support access control, subscription manageraadtjnteractive services via IP.

2.6.2.81SDB-Tss

ISDB-Tsg system is known as Multimedia System “F” of Recaenafation ITU-R BT.1833, is
designed to provide video, high-quality audio aathdservices which can be configured flexibly. In
addition, support of script interpreter for richntent format provides content and service flexipili
in multimedia broadcasting for handheld receivers.

More detailed information is given in § 2.5.1.3.

27  Summary
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TABLE 2

Standard Channels Band Modulation Applicable
standards
ATSC 6 MHz UHF/VHF 8-VSB A/52,A/53, A/65,
A/153
ChinaDTV 8 MHz UHF/VHF OFDM GB 20600-2006
DVB-T 6, 7 and 8 MHz UHF/VHF OFDM EN 300 744
DVB-H 5,6, 7 and 8 MHz UHF/VHF OFDM EN 302 304
ISDB-T 6, 7 and 8 MHz UHF/VHF Segmented OFDM ARIB>B31
T-DMB 1.75 MHz VHF/1.5GHz OFDM ETSI TS 102 427 and
ETSI TS 102 428
FLO 5, 6,7 and 8 MHz UHF/VHF OFDM TIA 1099
ISDB-Tsg 0.43, 0.50, 0.57 MHz UHF/VHF Segmented OFDM ARIB STD-B29
1.29,1.50, 1.71 MHz

2.8  Evaluation of potential Digital Sound and TV Broadcasting systems

In recent times, several digital broadcasting sgsthave been proposed in different areas of the
world.

All of the currently implemented systems are basethe availability of a high efficiency encoding
system with the capability to compress the bit reteded to transmit digital contents to values
compatible with the characteristics of the ava#gaim-air channels.

For TV broadcasting, the MPEG standard is curregitiyost globally adopted in its various levels,
even though newer and possibly even more effi@anbding standards have been recently proposed.
The different currently available digital transniggssystems have been proposed in different times,
and the newer ones are supposed to benefit fromnthlgsis of advantages and disadvantages of the
previously proposed ones.

In the search for a real “killer application” foigital broadcasting, of the utmost importance & th
capability of the digital standard to adapt to flssadvanced broadcasting services. Concerning
digital TV broadcasting, this includes interactyitiatacasting, portable and mobile reception.

2.8.1 Evaluation of specific Terrestrial DigitaliBw and TVBroadcasting

The available standards for digital TV and sour@htcasting can be roughly divided in two groups:
- Single carrier codes (like 8-VSB, used in the UsS#andard ATSC-DTT)

The 8-VSB system is based on coding the digitédrination to be transmitted using
amplitude only (8 levels). The modulated signdahen processed through a Nyquist filter, in
order to reduce the transmission bandwidth.

- Multicarrier (various evolutions of COFDM, on whi DVB-T and DAB -adopted in Europe
and in Countries involved in the RCC-06-, ISDBddepted in Japan-, and other codes are
based.

The COFDM approach is based on splitting the dataéen a high number of carriers within the
operating channel. The digital information asswtato each carrier can then be coded using
amplitude and phase (e.g. QPSK, 16-QAM, 64-QAM)gétber, the digital data simultaneously
transmitted and associated to the different cargenstitute an OFDM symbol.

COFDM-based codes allow the transmission througtpttysical channel of a multiplex, consisting

of several contents that can then be selectedxdratted by the receiver.
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Moreover, the signal spreading over many carriestiduted over the whole channel width, together
with the error-recovery systems introduced to saded the data integrity, make it possible to
consider COFDM-based systems, like DVB-T, alsali@rimplementation of SFN networks, in
which the same frequency is used for the transamnissver adjacent coverage areas and the implied
fading due to co-channel interference between &géginated by transmitters operating on the
same frequency is recovered due to the COFDM systawacteristics. Commercial SFN networks
(in DVB-T) have been rolled out for instance in Aatia and in Spain.

The same high immunity to interferences makes COFlitNal broadcasting systems also suitable
for mobile reception. Especially suited to thisgmse is the recently issued standards for handheld
receptions listed under Recommendation ITU-R BT3L&3 this case, special attention has been paid
to preserving battery life, error correction medbam etc. in order to enhance the system’s
robustness.

The ATSC has developed the ATSC-M/H system whitdwal broadcasters to use their existing
DTV channel to provide service to mobile and hatdikdevices while maintaining backwards
compatibility with the large population of DTV reagers.

For more details, see Part 2, Chapter 1.

2.8.2 Hybrid systems
Some satellite systems use the terrestrial compdaémprove the quality of service: XM radio,

Sirius. More information is available for DigitaySem E in the Recommendations ITU-R BO.1130
and ITU-R BS.1547. Other systems may use similprageh.
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