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1
Introduction 
The World Radiocommunication Conference (WRC) 2000 and WRC-07 identified UHF spectrum for use by administrations wishing to deploy IMT systems.  The WRC-07 identification for IMT differed between the three Regions.

It is noted that there is a long-standing co-primary allocation to the Mobile Service in Region 3, in the UHF band from 440 – 960 MHz.  IMT systems are an application of the Mobile Service.

Globally many Administrations have introduced or plan to introduce Digital TV in the UHF band and envisage to realise the digital dividend in the near future. Compared with analogue television service, digital terrestrial television service provides viewers with high quality video and high fidelity audio as well as with an overall interference resilient reception capability. With regard to spectrum management, terrestrial digital television service enables a more efficient channel arrangement due to its robustness to interference and it also provides wider coverage than analogue with the same power.  So it could be concluded that a digital dividend is inevitable after completion of digital transition of terrestrial broadcasting service, because less spectrum and power is needed as compared to analogue broadcasting transmission. 

Therefore, it is the timely to consider how to most efficiently to use the UHF band including the digital dividend.

Generic constraints which might have an impact on the realisation of the digital dividend in individual APT countries are based primarily on the current usage of the UHF spectrum within these countries. Some of these underlying issues are identified below.

· The UHF band has been and is still mainly used for analogue television in most APT countries. The application of different analogue standards and different channel granularities are used across the Region whilst in some countries broadcasting channels are scattered across the UHF band. 

· Digital terrestrial television services that have been introduced in some APT countries are based on different standards (DVB-T, ATSC, ISDB-T, DMB-T), which again operate in a different channelization environments. 

· Some APT countries have made plans for their analogue switch-offs, while some are in the consideration phase. The digital dividend will not be fully available  before analogue switch-off.

· Many APT countries use parts of the UHF band also for terrestrial services in addition to broadcasting. Protection of these services may cause restrictions on a possible harmonized the realisation of the digital dividend in some APT countries.

Considering the motivation towards a harmonized realisation of the digital dividend the following benefits can be noted (Note this list is non-exhaustive):

· Mobile operators and manufactures will be able most efficiently to address a large market, through the achievement of economies of scale for equipment manufacture (mobile terminals). Absence of harmonization (within the region or with other regions), will lead to prohibitive handsets costs which could result in a significant reduction of the take-up of any mobile service due to the fragmented market

· The propagation characteristics of the spectrum below 1 GHz made this 700 MHz UHF digital dividend band very suitable for wide coverage provision. This UHF spectrum is also very suitable for in-building coverage provision, e.g. in urban areas.  

2
Scope

The objectives of this Report are: 
To provide information to administrations and review the availability of spectrum resulting from the introduction of digital terrestrial television broadcasting in the band 470-806 MHz and the potential alternative uses of the spectrum so released.

To facilitate the development of recommended harmonised approaches for the introduction of new wireless technologies, services and applications in the released spectrum, including applicable frequency sub-bands and associated technical characteristics. 
3
Vocabulary of terms

IMT
International Mobile Telecommunications

WRC
World Radiocommunication Conference

4
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Resolution 224 (Rev. WRC-07”) – “Frequency bands for the terrestrial component of International Mobile Telecommunications below 1 GHz”

Resolution 749 (WRC-07) – “Studies on the use of the band 790-862MHz by mobile applications and by other services”

WRC-03 Resolution 646-1 – “Public protection and disaster relief
Report ITU-R M.2033 – “Radiocommunication objectives and requirements for public protection and disaster relief”
5
Current band usage and future plans for the UHF digital dividend in APT countries 
As a result of discussions and input contributions to AWF, AWF-5 finalized a UHF Digital Dividend Survey Questionnaire which includes the following questions.  

1. Have you adopted a standard for digital terrestrial broadcasting and, if so, what?  
2. Have you established a firm date for analog television switch-off?  If yes, what date has been decided?  If not, when do you expect this decision will be made? 
3. Have you initiated digital terrestrial TV rollout?  If yes, provide further detail on the geographic areas or percentage of population covered by digital TV.  
4. What is your country’s free-to-air TV broadcast penetration rate?  

5. What is your country’s pay-TV penetration rate?  Pay TV generally encompasses cable, satellite and IPTV.  
6. What percentage of population or TV viewers in your country receives their television ONLY by free-to-air broadcast?  
7. What is your current usage of the UHF bands?  E.g., what portions of 470 – 806/862MHz band are currently licensed and providing analog or digital television services.  
8. What channelization is used for analog and digital TV, e.g., 6, 7, 8 MHz channels?
9. What amount of spectrum do you foresee being used for digital television as compared to current analog television in your country?

10. What specific frequencies do you envision being freed up due to the transition from analog to digital TV (e.g., the digital dividend) in your country?

11. What types of new applications do you envision for the digital dividend spectrum in your country?  E.g., mobile broadband, mobile broadcast, mobile TV, additional broadcasting, public protection and disaster relief. 

12. How much spectrum is envisioned to be used for each type of application?

13. What approach do you plan to use for the re-allocation of the digital dividend spectrum?  E.g., auction, direct award, beauty contest.

 The received responses to the Questionnaire can be found in Annex 1. 

In response to the UHF Digital Dividend Survey Questionnaire, 13 administrations and one sector member responded to the Questionnaire indicating their current and future plans for UHF Digital Dividend spectrum. It is noted that current and future plans of some APT countries include advanced mobile services, Mobile Broadband services, Mobile Television, PPDR, Analogue and Digital Television Services, Mobile broadband for priority, ITS (Intelligent Transport Systems), HDTV broadcasting, etc.

In the WRC-07, the band 698-806 MHz was identified by nine Region 3 Administrations for IMT attracting significant interest from both the Member States and mobile industry understanding the potential benefit that this frequency band would give to customers and the society as a whole when being used by mobile communications. APT members have noted that the frequency 698-806 MHz band would allow cost efficient wide area coverage by Mobile systems and thereby promote wide spread availability of affordable mobile broadband, especially for rural areas. Further, Resolution 646 (WRC-03) also notes that the band 746-806 MHz is used for PPDR applications in some countries in Region 3. 
6
Digital Dividend Developments in Other Regions
Digital dividend is a worldwide spectrum issue.  ITU-R WP5D is working on the frequency arrangements of the digital dividend and has a plan to complete its work on the revision of Recommendation ITU-R M.1036-3 by February 2011.  

Each Region also considers efficient use of the digital dividend and makes its frequency arrangements. The work of Regions 1 and 2 is briefly summarized below.

6.1 
Region 1
6.1.1 
CEPT

The documents and links appearing below provide reference material on the activities in Europe on the “Digital Dividend”. 

Publications

1. RSPG Opinion #5, The Introduction of Multimedia Services in particular in the frequency bands allocated to the broadcasting services

2. RSPG Opinion #7, EU spectrum policy implications of the digital dividend

3. CEPT Report 21, Compatibility issues between “cellular / low power transmitter” networks and “larger coverage / high power / tower” type of networks 

4. CEPT Report 22, Technical Feasibility of Harmonising a Sub-band of Bands IV and V for Fixed/Mobile Applications (including uplinks), minimising the Impact on GE06

5. CEPT Report 23, Technical Options for the Use of a Harmonised Sub-Band in the Band 470 - 862 MHz for Fixed/Mobile Application (including Uplinks)

6. CEPT Report 24, A preliminary assessment of the feasibility of fitting new/future applications/services into non-harmonised spectrum of the digital dividend (namely the so-called "white spaces" between allotments) 

7. CEPT Report 25, Technical Roadmap proposing relevant technical options and scenarios to optimise the Digital Dividend, including steps required during the transition period before analogue switch-off

8. Draft CEPT Report 30, Report from CEPT to the European Commission in response to the Mandate on “The identification of common and minimal (least restrictive) technical conditions for 790-862 MHz for the digital dividend in the European Union”

9. Draft CEPT Report 31, Final Report from CEPT to the European Commission in response to the Mandate “Frequency (channelling) arrangements for the 790-862 MHz band” (Task 2 of the 2nd Mandate to CEPT on the digital dividend

10. Draft ECC Decision of [DD MM YYYY] 2009 on harmonised conditions for Mobile/Fixed Communications Networks operating in the band 790-862 MHz (ECC/DEC/(09)EE)

11. Consultation Responses from the recent EU Commission Digital Dividend Consultation http://ec.europa.eu/information_society/policy/ecomm/radio_spectrum/topics/reorg/pubcons_digdiv_200907/index_en.htm 
Links

1. http://www.ero.dk/dd
2. http://ec.europa.eu/information_society/policy/ecomm/radio_spectrum/topics/reorg/dividend/index_en.htm
3. http://www.euractiv.com/en/infosociety
4. http://www.digitag.org
In Europe this UHF band is providing the limited amount of 72 MHz for mobile use in the range 790 – 862 MHz. This band (the band 800 MHz) is expected to be designated to mobile applications, which will provide mobile broadband services to serve national policy goals. 

The amount of 72 MHz provides a good starting point for the provision of new advanced high data rate services using affordable mobile broadband everywhere. The mobile industry takes the view that a frequency arrangement needs to be agreed and adopted well before the start of actual IMT deployments, while the analogue TV networks are progressively being switched off. This is expected to happen in the 2012 timeframe in Europe; however, some countries have already completed the digital TV switchover while some others will switch over before year 2010 

Impact of Region 1 activities and identifications for IMT on Region 3 

The decision taken at WRC-07 brought the total band identified for IMT in Region 1 and Region 3, except 9 countries named in footnote 5.313A, to 790 ‑ 960 MHz.  However, the frequency plans of many Region 3 countries include long‑standing assignments to Fixed Service (FS) systems and other MS systems (including IMT) above about 806 MHz.

Therefore, in practice, there is only a 16 MHz overlap (that is, 790 – 806 MHz) between the European IMT identification (which is limited to the band 790 – 862 MHz) and the IMT identification of some Region 3 countries who wish to extend the identification to include the band 698 – 806 MHz.    

6.2 Region 2

6.2.1 CITEL

In 2006, recognizing that there are benefits of spectrum harmonization, including economies of scale, expanded equipment availability, and enhanced cross-border coordination and to cater for the possible introduction of advanced wireless services in the 698 - 806 MHz range, the Inter-American Telecommunication Commission of the Organization of American States (CITEL) approved recommendation PCC.II/REC. 18 (VII-06) “Alternative use of the 698 – 806 MHz band in the Americas for Advanced Wireless Systems and Public Protection and Disaster Relief Applications”. Where Advanced Wireless Systems (AWS) include, but are not limited to, broadband wireless access and advanced mobile and mobile broadcasting systems. The CITEL document recommends:

1.
That CITEL administrations planning alternative uses of the 698-806 MHz band consider:

· the sub-bands 698 to 764 MHz and 776 to 794 MHz for advanced wireless systems

· the sub-bands 764 to 776 MHz and 794 to 806 MHz for PPDR applications;

· measures to ensure RFI compatibility between the advanced wireless systems and systems used for PPDR applications, operating in adjacent bands; and

· adopting the necessary measures in order to protect the broadcasting service
;

The CITEL document also recommends CITEL administrations utilize applicable ITU-R Recommendations when planning the 698 – 806 MHz range for AWS and PPDR applications 

6.2.2 USA

In the USA the condition for the mobile industry is more favorable and high data rate IMT networks are expected to be deployed in the range 698 – 806 MHz (the band 700 MHz) already by the end of year 2009 or early 2010 under a nationwide rollout scheme.
The US band plan is already defined. 3GPP has defined uplink and downlink arrangements along with band classes covering this plan. Figure 1 shows the defined arrangement.
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Figure1: US band plan
From Figure 1 it can be seen that in principle two FDD pairs (lower US band and upper US band) are defined by 3GPP. Whereas the lower pairing (FDD UL from 698-716 MHz paired with FDD DL from 728-746 MHz) is a classical FDD band plan with FDD UL in the lower end and the upper pairing is a FDD plan with reverse duplex (FDD DL from 746-758 MHz paired with FDD UL from 776-788 MHz) to group FDD DL together. This is necessary due to mobile station to mobile station coexistence.  Also, public safety interoperability is a priority in the US and using the reverse duplex approach enables the design of public safety mobile and portable equipment that covers both the 700 and 800 MHz bands.  

Links

1. http://wireless.fcc.gov/auctions/data/bandplans/700band.pdf
2. http://wireless.fcc.gov/auctions/default.htm?job=auction_summary&id=73
Impact of Region 2 activities and identifications for IMT on Region 3 

Within the Region 2 countries, only the United States (US) has finalised its spectrum arrangements for this band. Therefore its frequency arrangement has been considered in this section. 

The US frequency assignments to domestic mobile network operators reflect its historically implemented 6 MHz television channel raster 
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7
Frequency arrangement views for mobile use

The content in this Section is based on input contributions provided by APT members. 

Any other possible views should not be precluded for the consideration of APT UHF digital dividend band plan in the future AWF work.

The order of the frequency arrangements views in this section does not imply any priority.
Detailed information on these views is available in Annex 2.

7.1  View 1: 

[image: image13.emf]
Figure 2: Frequency arrangement for View 1

A solution ‘evolved’ from the US FCC plan, to maximize harmonization, manufacturing scales and roaming, and to minimize additional handset components – while also expanding national planning flexibility options.

It is highlighted that where FDD DL adjoins the UHF television broadcasting band, there is likely to be significant risk of interference into IMT mobile station service areas resulting in potentially significant coverage area ‘dead zones’ surrounding television transmitters.  However, where FDD UL adjoins the UHF television broadcasting band, no such coverage ‘dead zones’ will arise – and the remnant local interference between IMT terminals and television receivers can be a relatively localised (same room) problem that is readily managed by users, similar to current scenario applying to GSM handset noise effects.

7.2  View 2:

Another frequency arrangement for Region 3 for the UHF band is shown in the diagram below (Fig 3).  This implementation has two pairs of blocks with 30 MHz duplex spacing, like the US band plan.  This example is suitable for an administration with a digital dividend commencing at 698 MHz, and provides one pair of 18 MHz and one pair of 20 MHz duplex bands for cellular mobile.  The two duplex gaps (12 MHz, and 10 MHz) as well as the remaining 10 MHz piece of spectrum could be used for other low power services.  A total of 2x38MHz would be available for IMT with this proposal.  

 SHAPE  \* MERGEFORMAT 



Figure 3:  Frequency arrangement for View 2

An alternative implementation illustrated below (Fig 4) has two pairs of blocks with 30 MHz duplex spacing.  This alternative implementation is suitable for an administration that has chosen to take advantage of the digital dividend being available below 698 MHz, and provides two pairs of 20 MHz duplex bands for cellular mobile.  Again, the two duplex gaps (10 MHz and 10 MHz) as well as the remaining 10 MHz piece could be used for other low power services. This alternative is also better for IMT implementation, due to the higher spectrum efficiency of 5 MHz or 10 MHz channels which this can accommodate, compared with narrower LTE channels that would be required with the 18 MHz spectrum blocks in the implementation shown in Figure 6.  This band plan gives a total of 2x40 MHz of spectrum.
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Figure 4:  Frequency arrangement for View 2

7.3  View 3

View 3 shows maximum possible harmonization with Region 2 in upper 700MHz band while reserves lower 700MHz band for future use to reflect the possible differences of digital dividend in each administration.
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Figure 5: Frequency arrangement for View 3 
This frequency arrangement reflects various situations of each Administration in APT. For example, some Administrations have not yet established their switchover plans and some other Administrations are not able to allocate the whole 698-806 MHz band to mobile broadband services. Therefore, the suggested frequency arrangement can be used for mobile broadband services and the reserved band, shown as “Reserved for future advanced service”, can be used by DTV or mobile broadband services or other applications dependent upon each Administration’ plan in the future. 

Since the duplex spacing of 30 MHz in the US upper 700MHz band is already to be addressed in 3GPP and IEEE 802.16 band classes, this frequency arrangement can increase the economy of scales of APT to North America.

7.4  View 4 

A group of Administration and industry contributors propose a simple and spectrum efficient  FDD frequency arrangement in 698 – 806 MHz band based on –

· 2x50 MHz arrangement with a central gap of 8 MHz between UL and DL directions

· Duplex spacing of 58 MHz

· Reverse duplex transmission 

· split dual-duplexer  with current available filter technologies

· the size of the two duplexer blocks should be standardised

The FDD frequency arrangement in the band further provides maximum utilisation of spectrum i.e. 100 MHz out of the 108 MHz available in the band. 
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Figure 6: Frequency arrangement for view 4

7.5  View 5 

The TDD option frequency arrangements in the band 698-806 MHz could be 5 blocks of 20 MHz each with a 4 MHz or appropriate guard band* on both sides as shown in Figure 7, as this provides the most efficient TDD arrangement. 
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Figure 7: Frequency arrangement for View 5

8
Technical considerations 

8.1 Duplexer 

In a handset, the transmitter and receiver are coupled to the same antenna by means of a duplexer.  The duplexer is a filter that provides isolation of the transmitter leakage to its own receiver.  Duplexer isolation of > 45 dB is considered feasible by the industry.  If the duplexer isolation is not sufficient then the handset may experience self de–sensitisation.  Multi-mode, multi-band handsets often have mode and band specific duplexers.  Duplexer technology affects choice of duplex separation and centre band gap.  

In an FDD band plan, shown below, the following considerations must be addressed:
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Figure 7: Considerations to be addressed.

8.1.1 Centre Gap

Center gap is a key characteristic of FDD-based frequency arrangement represented by the gap between frequency blocks assigned for downlink and uplink respectively in the FDD-based arrangement as illustrated in Figure 8.  It is common understanding that the duplex spacing and center gap influence the duplexer performance so that larger separation brings the better isolation performance between downlink and uplink. Technically, this size of spacing affects the duplexer performance in the following two technical aspects:
· Self-desensitization for FDD Mobile Stations (MS) and FDD BSs

· MS to MS interference and BS to BS interference
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Figure 8: Interference from other MS transmitter in adjacent channel

To prevent self-desensitization, a duplexer must attenuate Tx emissions at the own Rx frequency band below the Rx noise floor. This leads typically to at least a 45 dB attenuation requirement at the own Rx frequency band. Implementing this attenuation requirement is a simple matter with the suggested 2x50 MHz arrangement by the use of a dual duplexer, described in 7.1.2, because the own UL and DL bands are separated by the much wider separation distance the 8 MHz that would have been the case if a single duplexer is applied.

The center gap will also determine whether competitive networks can satisfactorily share base station sites with minimum interference and protective site filtering complexity.

Figure 9: Interference from other network in adjacent channel

8.1.2 Duplex Direction

This defines what part of the band is up-link (UL) and what is down-link (DL).  Traditionally the UL is located in the lower part of the band.

Conventional Duplex

In the conventional duplex arrangement the mobile uplink is in the lower part of the arrangement. Conventional duplex direction may result in interference to TV receivers from mobile handsets and interference into mobile base station receivers from broadcasting transmitters.

Reverse Duplex

If reverse duplex is used, the lower frequency FDD block is the mobile down-link instead of the traditional up-link. Reversed duplex direction may result in interference to mobile handsets from broadcasting transmitters and interference from mobile base station transmitters into TV receivers.

8.1.3 Duplex Spacing

This is the separation between the up-link channel and its associated down-link channel.  A larger separation will result in less likelihood of self interference between a handset transmitter and its own receiver.  Because a power amplifier out of band response is related to the bandwidth, the duplex separation requirement is also dependent on the carrier bandwidth in order to protect the receiver from self interference.  

A duplex spacing of 30 MHz is sufficient to support carrier bandwidths of up to 10 MHz.  This result is derived using 3GPP specification 3GPP 36.101.  

8.1.4 Dual Duplexer

The maximum bandwidth of an RF filter or duplexer for a terminal at this frequency range is today around 30-35 MHz. Any arrangement that efficiently uses the 108 MHz bandwidth in the frequency range 698-806 MHz must thus have more then one duplexer. “Dual duplexer” means that the handset has 2 duplexers, one per sub band as illustrated below. 
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Figure 10: Illustration of the use of dual duplexers

With the use of a dual duplexer arrangement the individual duplex spacing will be increased, providing at the same time more useable spectrum for FDD. With current technology it would not be possible to implement a pass band of 50 MHz with a single duplex solution. The dual duplexer arrangement may lead to a 2x50 MHz FDD band plan.

Dual duplexers are being specified today and would add to the number of band specific duplexers to be accommodated in handsets where physical space is at a premium. 

8.2
Guard band 

8.2.1 Broadcasting Boundary

When the broadcasting service and the mobile service are operated in adjacent bands, there could be a co-existence issue. For example, when FDD downlink of the mobile service is operated, there could be interference from broadcast transmitters into FDD mobile terminals and also from FDD base stations into broadcast receivers. CEPT Report 21, “compatibility issues between “cellular / low power transmitter” networks and “larger coverage / high power / tower” type of networks”, provides study results for co-existence issue and some proposals for CEPT case. Although mobile uplink in North American frequency arrangement directly faced with broadcasting service without guard band, it should be noted that CEPT Report 21 also implicates the need of mitigation techniques including guard band between services. The suggested value from CEPT Report 23 is around 8 MHz. So the necessity for co-existence study in Region 3 own case is presented.

8.2.2 FDD/TDD Boundary

In the case of mixing of FDD and TDD throughout the 698- 806 MHz band, guard bands between TDD and FDD will need to be taken into account to avoid interference.  The placing of guardbands would require careful spectrum planning. 

9
Issues for further study  

In consideration of the various frequency arrangements, the following technical issues have been identified as items for further study, but is not an exclusive list and further studies may be identified during the work;

Duplex direction
· Conventional duplex direction may result in interference to TV receivers from mobile handsets and interference into mobile base station receivers from broadcasting transmitters

· Reversed duplex direction may result in interference to mobile handsets from broadcasting transmitters and interference from mobile base station transmitters into TV receivers

There is a need to examine the above and determine;

· Size of the guardband needed

· Radii of “interference zones”

· Possible mitigation and other technical solutions

Center gap

Depending on the size of the spectrum center gap there may be MS to MS and BS to BS interference. There is a need to examine this issue and determine;

· Size of the center gap between UL and DL blocks for carrier bandwidths up to 20 MHz currently specified for IMT technologies

· Performance consequences if the preferred gap size can not be achieved

Self desensitization

The frequency separation between UL and DL duplex spacing could result in handsets Tx interfering with their own Rx. There is need to determine necessary duplex separation to support IMT carrier bandwidths up to 20 MHz, and performance consequences if the preferred gap size can not be achieved.

Multi-band opportunities

Implications of UE size and form factor, along with terminal RF component characteristics, may influence the multi-band/multi-mode options that can be accommodated in a single UE. Further studies are needed to indicate feasible band and mode options.

TDD/FDD interference

If the band 698-806 is to be divided between TDD and FDD, there is a need to determine guardbands between TDD and FDD to mitigate interference, and between TDD systems if they are unsynchronized or use different technologies. In some countries PPDR is one such existing mobile application. Co-existence issue between digital dividend and existing mobile applications/technologies in adjacent band would have to be studied in more detail.

Handset complexity,

Aspects of complexity of the terminals and the interference between broadcasting and other mobile services in the adjoining bands for coexistence may require further study.
------xOx-----
ANNEX 1

Responses to UHF Digital Dividend Questionnaire

The responses received to date to the DD questionnaire appear below in a series of tables; each table is headed by the relevant question.

	1. Have you adopted a standard for digital terrestrial broadcasting and, if so, what?  

	Australia
	Digital television has been planned in VHF Band III and UHF Bands IV and V the on the basis of an assumed DVB-T system operating in 7 MHz channels.

	Bangladesh
	Bangladesh has not yet adopted digital terrestrial broadcasting. But there is a approved project from the Govt. to start a new channel with digital terrestrial broadcasting and to migrate the existing analog terrestrial broadcasting to digital terrestrial broadcasting which will be implemented very soon. 

	China
	Chinese National standard  GB 20600-2006

	Hong Kong
	In Hong Kong, we have adopted the Chinese national digital terrestrial television (DTT) standard entitled “GB20600-2006: framing structure, channel coding and modulation for digital television broadcasting system” for  the transmission of DTT in Hong Kong. 

	Indonesia
	Yes, we have. It is DVB-T. This is endorsed by Ministerial Regulation no 7 year 2007

	Japan
	Japan has adopted ISDB-T.

	Korea
	ATSC

	Malaysia
	DVB-T standard is mandated for Free-to-Air (FTA) TV. No standard mandated for Pay TV and Mobile TV

	Myanmar
	We have adopted a DVB-T standard for digital terrestrial broadcasting.

	Nepal
	No.

	New Zealand
	DVB-T has been adopted as a voluntary standard. 

	Philippines
	As of today, the National Telecommunications Commission (NTC) has not yet declared or adopted a standard for digital terrestrial broadcasting for use in the country. 

	Thailand
	We prefer to adopt DVB-T standard for digital terrestrial broadcasting as ITU recommendation. However, not yet official announcement in Thailand.

	Vietnam
	DVB-T was adopted as Digital terrestrial television standard for Vietnam.


	2. Have you established a firm date for analogue television switch-off?  If yes, what date has been decided?  If not, when do you expect this decision will be made? 

	Australia
	A staged area-by-area switch-off program has been announced. Final switch-off date is 31 December 2013 (see http://www.minister.dbcde.gov.au/media/media_releases/2008/077) 

	Bangladesh
	At present there is no specific date for analogue television switch-off. The existing Terrestrial Broadcasting owned by the Govt. is from VHF-III band. There is no broadcasting from UHF band. The preliminary work for transition from analogue to digital will start from 2010.

	China
	TBD

	Hong Kong
	It is our tentative target to switch off analogue broadcasting in Year 2012.  However, we need to take into account the actual market conditions at that time including the take-up rate of the DTT services by general public.

	Indonesia
	No, we have not. It is expected that before the end of 2009, the decision will be made. As now, it is planned that the analogue television switch-off will be at the end of year 2012 in high populated cities and at the end of year 2017 for nationwide.

	Japan
	Japan will terminate analogue TV broadcasting on 24 July 2011.

	Korea
	It has been decided to switch-off the analogue TV by the end of December 2012. The firm date will be decided.

	Malaysia
	Analogue switch off date has been set before 31 December 2015. 

	Myanmar
	We have expect a firm date for analogue TV switch-off date will be made 2015~2018

	Nepal
	No, not yet.

	New Zealand
	No, Digital television has commenced operation in New Zealand. A provisional date for digital switch-over will be determined when penetration of digital television reception reaches 60% of households and confirmed when penetration reaches 75% of households. Currently, approximately 55% of households have some form of digital television reception. 

	Philippines
	December 31, 2015 is the tentative date for the analogue switch off as provided in the draft circular submitted by the technical working group for Digital Terrestrial Television (DTT). 

	Thailand
	Yes, by among technical broadcaster we tentative ASO in 2015 ~2018. Anyway this scheme might be improved after NBC establish.

	Vietnam
	Analogue television switch-off date (ASO) is not established yet. However, we expect this decision on ASO would be made in the next 2 years. The targeted ASO is before 2020 (between 2015-2020).


	3. Have you initiated digital terrestrial TV rollout?  If yes, provide further detail on the geographic areas or percentage of population covered by digital TV. 

	Australia
	Digital television services commenced on 1 January 2001.  Digital transmitters have been progressively rolled out to most parts of the country.  More details of the status of the roll out (as at August 2008 are available in: http://www.acma.gov.au/WEB/STANDARD/pc=PC_311541

	Bangladesh
	Still now there is no rollout plan for digital terrestrial TV.

	China
	digital terrestrial TV has initiated 8 cities, Beijing, Shanghai, Tianjing, Qingdao, Qinghuangdao, Guangzhou, Shengzhen and Shenyang Before August, 2008

	Hong Kong
	DTT was rolled out on 31 December 2007. With seven transmitting stations all came into service in early August 2008, the coverage of DTT broadcasting reached 75% of the population. 

	Indonesia
	No, we have not. However, we have conducted the field trial for DVB-T in Jakarta and surrounding areas since May 20, 2009. 

	Japan
	Cover area: all over Japan 

Coverage: 47.6 million households (around 96% of all households, as of December 2008)

	Korea
	Yes, 86 % of population as of Oct. 2008.

	Malaysia
	A pilot trial has been conducted by public broadcaster (RTM) from 2006-2007. The trial has been widening in 2008 to include commercial broadcaster (MediaPrima) and to test out new video compression MPEG4 AVC. It is intended to be the platform for eventually commercial roll out. 

	Myanmar
	We have initiated digital terrestrial TV rollout. There have nearly 10% of geographic areas covered by digital TV.

	Nepal
	Under discussion.

	New Zealand
	Yes. Digital terrestrial rollout has been initiated. The terrestrial service has high definition capability. It is intended to cover 75% of the population. Similar programming is also available from satellite, which, with 100% coverage, is able to provide service to rural areas that are unable to receive terrestrial coverage.  

	Philippines
	Since 2006, the NTC have started to study the Digital Terrestrial TV migration. At present, there are 7 TV Broadcast operators who are conducting propagation/demo test on DTT in Metro Manila. 

	Thailand
	No, in this moment we just only trial DTTB. 

	Vietnam
	Digital terrestrial TV rollout was initiated in Vietnam since 2001. Recently, 35/64 main provinces are covered by DTV services.


	4. What is your country’s free-to-air TV broadcast penetration rate?  

	Australia
	Considering the availability of terrestrial and satellite delivered free-to-air TV broadcasting the penetration rate is approximately 100%.

	Bangladesh
	Approximately 98% area coverage for free to air TV broadcasting.

	China
	Currently, most channels are free-to-air in China

	Hong Kong
	According to the results of the survey published by the Broadcasting Authority of Hong Kong, the domestic free television programme services reached 99.1% penetration of all households in Hong Kong.  http://www.hkba.hk/en/doc/BSS2007ExeSum_en.pdf refers. 

	Indonesia 
	70 %

	Japan
	100%

	Korea
	96% of analogue TV

	Malaysia
	95.2 % of households as at 2004. 

	Myanmar
	Our country's free- to- air TV broadcast penetration rate is 80% of the geographic areas. 

	Nepal
	4 Channels (NTV-across the Country)

NTV2, Kantipur, Image – Kathmandu Valley

	New Zealand
	Satellite: As noted above, the free to air television programming is available to 100% of the population through satellite. 

Terrestrial:

Analogue: 

TVOne – 99%

TV2 – 99%

TV3 – 95%

TV4 – 72%

PrimeTV – 90%

Digital: 

All free to air channels – 75%

	Philippines
	No available data. There are 287 free-to-air TV Broadcast stations nationwide. 

	Thailand
	For terrestrial delivered free-to-air the penetration rate is approximately 95% and satellite is 100%

	Vietnam
	Free-to-air TV broadcast penetration rate is about 95%


	5. What is your country’s pay-TV penetration rate?  Pay TV generally encompasses cable, satellite and IPTV.  

	Australia
	At December 2007 approximately 31% of the population subscribed to a subscription television service.  

Further information on penetration rates for Pay-TV and IPTV is contained in  http://www.acma.gov.au/WEB/STANDARD/pc=PC_311541 

	Bangladesh
	Pay TV penetration rate is approximately 35%. 

	China
	Pay TV and IPTV are in Start-up phase in China, there is no official data of penetration rate now

	Hong Kong
	The household penetration rates of domestic pay television programme services is 45.0% (The household penetration rate of domestic pay television programme services reflected the penetration among residential households only.) 

	Indonesia
	The number of pay-TV subscribers is approximately 2 millions. There are 10 satellite DTH TV operators, 15 cable TV operators spread in 10 big cities and IPTV trial conducted by 1 operator and 2 terrestrial pay-TV operate in L band. 

	Japan
	Broadcasting Satellite (BS) service: 27.8% (as of the end of November 2008)

Communication Satellite (CS) service: 8.5% (as of the end of November 2008)

Cable TV service: 45.6% (as of the end of September 2008)

* These ratios are calculated using the number of subscribed households.

	Korea
	: 85.6 % as of 2007

	Malaysia
	Satellite DTH  –39.5 % of households 

IPTV – Facilitated by Broadband Access with penetration rate of less than 1% of population.

No cable TV service. 

	Myanmar
	Our country's pay-TV penetration rate is nearly 10%

	Nepal
	Cable, Satellite system.  Cable – US$3-4 monthly fee, around 50 channels

Satellite system – Only Non-paying Channels.

No DTH.

	New Zealand
	There is some cable, however the pay-TV services are predominantly supplied via satellite. 100% coverage is available. Penetration in terms of services purchased is at approximately 50% of households. 

	Philippines
	No available data. There are 789 Cable TV operator, 4 DTU/DBS operator and 2 Pay TV operators nationwide. 

	Thailand
	Cable TV penetration rate less than 25% 

Satellite TV with penetration rate less than 35% but increasing significantly

IPTV – have only 1 operator service with penetration rate less than 1% 

	Vietnam
	Vietnam’s pay-TV penetration rate is 1.1 % (1 million pay-TV customers


	6. What percentage of population or TV viewers in your country receive their television ONLY by free-to-air broadcast?  

	
	

	Bangladesh
	60% of population receives their television by free to air broadcast.

	China
	There is no official data

	Hong Kong
	The domestic free television program services (free TV) reaches 99.1% penetration of all households in Hong Kong, while the penetration rate of SMATV is 37%. 

	Indonesia 
	More than 70%. Since pay-TV is limited to urban areas, and urban areas in Indonesia covers approx 30% of populations

	Japan
	It is impossible to answer this question because such percentage has not been surveyed.

	Korea
	14.4 % as of 2007

	Malaysia
	55.7% of households

	Myanmar
	The 80% of population in our country received their television only by free-to-
air broadcast. 

	Nepal
	62% Population of the Country are getting Free – Air Television reception at home.

	New Zealand
	Approximately 50%. 

	Philippines
	No available data

	Thailand
	Receive only by free-to-air broadcast more than 50%

	Vietnam
	about 85 %


	7. What is your current usage of the UHF bands?  E.g., what portions of 470 – 806/862 MHz band are currently licensed and providing analogue or digital television services.  

	Australia
	Analog and digital television services are currently provided using 7 MHz channels in the 526-820 MHz range.

	Bangladesh
	In Bangladesh 470-806/862 MHz is not being used for analogue or digital television services. But 704-716/734-746 MHz band had been assigned to provide Internet service.

	China
	470-566MHz and 606-798MHz for analogue television services.

	Hong Kong
	Currently, the frequency band 470 – 806 MHz is allocated to TV broadcasting services. The digital broadcasting services 3 multiplexes (i.e. 24 MHz – three 8 MHz channels).  Two multiplexes (i.e. 16 MHz) are being vacant. Thirty-eight 8 MHz channels are being used for analogue television services. 

	Indonesia
	Spectrum allocation for analogue TV in UHF band is 478 – 806 MHz (channel 22 – 62 UHF) and allocation for fixed terrestrial digital TV is 526 – 670 MHz (channel 28 – 45 UHF).

	Japan
	470 – 770MHz band are currently licensed and providing analogue and digital television services

	Korea
	Whole 470 – 752 MHz band was used for analogue TV. 752-806MHz is introduced for analogue and digital TV during DTV transition period. Therefore, currently, 470-806MHz is used for both analogue and digital TV.

	Malaysia
	Broadcast Band IV and V (UHF) in Malaysia is from 470 MHz to 798 MHz.

Apart from Analogue Broadcast service, current usage of UHF band are the following services:

- A few channels in the band 478 MHz to 498 were assigned to public land mobile operators (mostly are from System Trunk Radio Operator).

- Frequency band 477 MHz to 478 MHz is assigned to Land Mobile Services and Short Range Communications Devices such as Personal Radio Service (PRS).

- Frequency band 606-614 MHz has been assigned to Department of Civil Aviation Malaysia (DCA) for radionavigation service.

- The whole of UHF Broadcast band is also used by Wireless Microphone on secondary basis. 

Frequency band 470-742 MHz has been reserved for future Digital TV service.

	Myanmar
	The UHF bands 470- 585 MHz are using digital television only and 585-820 MHz are using FIXED, MOBILE and BROADCASTING services. 

	Nepal
	UHF Analogue – NTV2-channel

Kantipur-channel

Image-channel 

	New Zealand
	The New Zealand UHF television band is 518 to 806 MHz. The analogue and digital services are mixed throughout the band. 

	Philippines
	470 – 512 MHz for fixed and mobile services. 

512 – 698 MHz for Broadcast-TV providing analogue TV. 

	Thailand
	Present: The band UHF 470 – 750 MHz use for TV broadcast. 

	Vietnam
	Recently, the portion of 470-806 MHz band are licensed to provide analogue or DTV services in UHF band. The portion 806-862 MHz is allocated to other services, mainly mobile service (trunking and CDMA networks).


	8. What channelization is used for analogue and digital TV, e.g., 6, 7, 8 MHz channels? 

	Australia
	7 MHz channelization is used for both analog and digital TV

	Bangladesh
	In 470-806/862 MHz, there is no analogue or digital television service. In VHF-III band 7 MHz channelization is being used.

	China
	8MHz for both

	Hong Kong
	Both analogue and digital TV channels are assigned with a channel bandwidth of 8 MHz. 

	Indonesia
	For analogue TV, the channeling plan are 7 MHz in VHF band and 8 MHz in UHF band. For fixed terrestrial digital TV, the channeling plan is 8 MHz.

	Japan
	6MHz

	Korea
	6 MHz both for analogue and digital TV

	Malaysia
	8 MHz and 7 MHz channelling plans in UHF and VHF bands respectively. 

	Myanmar
	8 MHz channels used in digital TV  

	Nepal
	Analogue TV only – NTV2 – 21, Kantipur – 23, Image – 25 

	New Zealand
	8 MHz 

	Philippines
	6 MHz is presently being utilized for analogue and shall also be use for digital TV.

	Thailand
	8 MHz for both

	Vietnam
	In Vietnam, terrestrial TV channel of 8 MHz bandwidth is used


	9. What amount of spectrum do you foresee being used for digital television as compared to current analogue television in your country?

	Australia
	The Australian Government is not in a position at this stage to provide a response.  In 2008, the Australian Government Minister for Broadband, Communications and the Digital Economy announced that a public consultation process on the digital dividend would be undertaken in 2009 to inform future Government decisions.  

	Bangladesh
	It is very difficult to foresee exactly the amount of spectrum will be used for DTV, but Digital terrestrial broadcasting will not exceed the limit of 520-698 MHz range.

	China
	TBD

	Hong Kong
	At present, the analogue television services are transmitted via thirty-eight 8 MHz channels while 7 DTT stations use nine 8 MHz channels to provide services to 75% of the population.  When we switch off analogue TV, we expect that more channels may be assigned to DTT broadcasting services later to cater for the expansion of DTT infrastructure.  However, we are unable to give an estimate on the spectrum to be allocated for DTT at this juncture.  

	Indonesia
	Spectrum to be used for fixed terrestrial digital television is 144 MHz (18 x 8 MHz). Spectrum being used by analogue television is 328 MHz (41 x 8 MHz).

	Japan
	The amount of spectrum used for TV broadcasting will be reduced by completion of digitalization of TV.

	Korea
	UHF: 470 – 698 MHz for DTV, VHF: 54 – 72 MHz, 76 – 88 MHz (reserved for DTV), 174 – 216 MHz (terrestrial DMB + reserved for DTV)

	Malaysia
	Because of digital dividend, we foresee lesser spectrum is needed for digital TV as compared to analogue TV.  We only reserved 272 MHz of spectrum in Broadcast UHF band for digital TV (excluding 56MHz of spectrum in Broadcast VHF band).  

	Myanmar
	NIL

	Nepal
	No digital television in use.

	New Zealand
	This is yet to be determined. 

	Philippines
	TBD 

	Thailand
	UHF band

	Vietnam
	The amount of spectrum being used for DTV is depended on many factors, for instance: terrestrial TV penetration rate, the number of services and operators, type of broadcasting transmission network (SFN, MFN), the development of new services, characteristic of terrain etc. It is very difficult to foresee exactly the amount of spectrum being used for DTV, but the band of 40 MHz (766 – 806 MHz) could be released for initiating of other radio communications services after ASO.


	10. What specific frequencies do you envision being freed up due to the transition from analogue to digital TV (e.g., the digital dividend) in your country?

	Australia
	See Q9.

	Bangladesh
	Digital terrestrial broadcasting will not exceed the limit of 520-698 MHz range.  Planning to keep the rest of the band for mobile broadband and other. It has not yet been specified. We want to see also outcome of studies on frequency arrangement being carried out by WP 5D.

	China
	TBD

	Hong Kong
	In theory, all the existing spectrum for analogue TV will be freed up for other services such as telecommunications services or DTT.  However, for the exact amount of frequencies, we still need to coordinate with our neighbouring countries.  

	Indonesia
	Planned to be in the range of 694 – 806 MHz (total bandwidth = 112 MHz). However this is still under public consultation.

	Japan
	There are no specific frequencies for transition from analogue to digital TV. We use already allocated frequencies for TV to transit.

	Korea
	698 – 806 MHz

	Malaysia
	742-794 MHz (56MHz). 

	Myanmar
	470-585MHz and 585-685MHz 

	Nepal
	No idea.  It needs further planning. 

	New Zealand
	This is yet to be determined. 

	Philippines
	TBD

	Thailand
	TBD

	Vietnam
	The 790-806 MHz band is envisioned being freed up due to the transition from analogue to digital TV in the near future. This portion is also identified for IMT by WRC-07


	11. What types of new applications do you envision for the digital dividend spectrum in your country?  E.g., mobile broadband, mobile broadcast, mobile TV, additional broadcasting, public protection and disaster relief. 

	Australia
	See Q9.

	Bangladesh
	Digital broadcasting (mobile broadcast, mobile TV) and 698-806 MHz for mobile broadband and other.

	China
	TBD

	Hong Kong
	Mobile broadband, mobile TV, DTT and public protection and disaster relief. 

	Indonesia
	Mobile broadband for priority.

	Japan
	710 – 770MHz will be used for ITS (Intelligent Transport Systems) and for Telecommunications after July 24, 2012.

	Korea
	There is ongoing study for the use of Digital Dividend spectrum in 2009

	Malaysia
	Mobile broadband, public protection and disaster relief. 

	Myanmar
	Additional broadcasting.

	Nepal
	If we go for digital TV system, we can use it for Digital TV, Reception, Mobile TV and IPTV. 

	New Zealand
	This is yet to be determined. 

	Philippines
	TBD 

	Thailand
	TBD

	Vietnam
	New applications for the digital dividend spectrum may be mobile broadband, HDTV broadcasting.


	12. How much spectrum is envisioned to be used for each type of application?

	Australia
	See Q9.

	Bangladesh
	520-698 MHz for digital broadcasting (mobile broadcast, mobile TV) and 698-806 MHz for mobile broadband and other.

	China
	TBD

	Hong Kong
	It is premature to make such an estimate. 

	Indonesia
	Total to be used for digital dividend applications is 112 MHz. Separate allocation for each application is still under study.

	Japan
	10MHz will be used for ITS.

40MHz will be used for Telecommunications.

	Korea
	 It depends on the result of the study.

	Malaysia
	Probable allocation:

2 x 12 MHz for public protection and disaster relief. 

The remaining for Mobile Broadband. 

	Myanmar
	Under consideration

	Nepal
	We have not planned yet.  But they can be used using normal spectrum. 

	New Zealand
	This is yet to be determined. 

	Philippines
	TBD

	Thailand
	TBD

	Vietnam
	The amount of spectrum to be used for each type of application is not specified at this moment. We want to see also outcome of studies on frequency arrangement being carried out by WP 5D.


	13. What approach do you plan to use for the re-allocation of the digital dividend spectrum?  E.g., auction, direct award, beauty contest.

	Australia
	See Q9.

	Bangladesh
	Planning has not yet been done for the allocation of digital dividend spectrum.

	China
	TBD

	Hong Kong
	For telecommunications services, we would adopt a market-based approach in allocating the spectrum, unless there is an overriding policy reason.  For spectrum for broadcasting services, we have not yet decided on the allocation approach.  

	Indonesia
	Not yet decided.

	Japan
	In March 2006, MIC consulted the Telecommunications Council about the technical conditions for the efficient use of the VHF/UHF band frequencies that would be vacated due to digitization of terrestrial TV broadcasting. Then the Telecommunications Council established the Effective Spectrum Usage Committee under the Telecommunication Technology Sub-Council which is the sub-council of this Council. 

The Effective Spectrum Usage Committee invited the public to offer the opinions or proposals, and the committee studied the technical conditions based on these public opinions and proposals. After that, the committee developed the report which described the technical conditions for efficient use and re-allocation plan of the VHF/UHF band frequencies. This report accepted by the Telecommunication Technology Sub-Council in June 2007.  
http://www.soumu.go.jp/joho_tsusin/eng/Releases/Telecommunications/news070627_3.html

	Korea
	It will be decided after the study.

	Malaysia
	Most probably beauty contest.

	Myanmar
	Under consideration

	Nepal
	We have not planned yet.  But we can use it for beauty contest, local special events, etc.

	New Zealand
	This is yet to be determined. 

	Philippines
	Within the applicable existing laws, rules and regulations of Philippines 

	Thailand
	TBD

	Vietnam
	Auction or beauty contest should be approaches to re-allocation the digital dividend spectrum. 


ANNEX 2
Further Information on frequency arrangement views

View 1

The major benefits of this frequency arrangement include the following:

1.
Allows national planning flexibility:  Within the proposed filter ‘windows’, a range of alternative channel plans can be accommodated.  Irrespective of actual filter bandwidth, handset uplink emissions are strictly limited by 3GPP Band Class parameters (fc and NRB) dynamically loaded into handsets, ensuring UEs do not transmit outside of respective national license assignments:


Similarly, received (OFDM) signal correlation and recovery by UEs is specifically restricted to valid channel bandwidths (based on explicit NRB value), ensuring that unwanted signals falling within the duplexer window are largely suppressed and treated as non-coherent noise.

2.
Avoids mobile service coverage ‘holes’ surrounding TV Transmitters:  Because the lowest filter block (696~716 MHz) is designated for ‘uplink’ usage, IMT handset receivers will not suffer potentially excessive TV out-of-band and spurious emissions (from lower adjacent band) saturating handset receivers, causing large coverage ‘holes’ or ‘dead spots’ surrounding TV transmitter sites.  In contrast, base station receivers in the vicinity of TV transmitter sites can be readily protected (where necessary) by implementing additional site filters.

3.
Minimises filter/RF complexity & cost:  This band plan is likely to involve only four (4) filter blocks to accommodate the majority of countries in Regions 2, 3 and the African continent – including the US operators.  Further, due to common uplink and downlink block alignment with the US, there is no need for additional PAs to accommodate this band plan in US handsets, or to achieve multi-regional operations and roaming:


The relative simplicity of the proposed band plan means: minimum circuit-board ‘real estate’ needs, larger multi-region manufacturing scale (including US), and thus cheaper handsets.

4.
Availability of dual-mode handsets:  By leveraging the ‘first-to-market’ US deployments beginning in 2009/10, which will include reversion to legacy 850 MHz WCDMA/cdma2000 services, the proposed band plan accommodates an inherent transition benefit for Region 3 operators also reliant on legacy 850 MHz WCDMA/cdma2000 services – by ensuring a single multi-mode handset.  This allows operators in other countries to gradually overlay 700 MHz LTE onto their existing 3G network infrastructure.

5.
Maximum Global Roaming:  Harmonising on a simpler duplexer for Regions 2, 3 and the African continent ensures wider international roaming opportunities – while also leaving room for additional multi-band legacy network options.

6.
Alternative ‘digital dividend’ options:  In the case where countries are unable to allocate the full 696~806 MHz ‘digital dividend’ to mobile broadband services, the proposed band plan offers several efficient alternatives for LTE deployments (up to 20 MHz wide, using the same common filter configuration) including, for example: 698~806 MHz (US type), 734~806 MHz, 746~806 MHz.

7.
Accommodates PPDR options:  The flexible channel plan structures available under the proposed ‘sandwich’ band plan also inherently allows countries to set aside particular spectrum segments for dedicated public safety or PPDR usage.  For example alternative PPDR options would include: 698~736 MHz; 698~746 MHz; 706~716/726~736 MHz; 736~746/796~806 MHz; and several other variants.

8.
Minimum incremental design:  Given that design work on handsets to meet the US LTE launch plans (commencing 2010) is already underway, the proposed ‘sandwich’ band plan represents only a minimum increment in design and filter complexity – minimising additional development costs and circuit-board ‘real estate’ needs.

9.
Preliminary performance confirmation:  Initial analysis by a leading global supplier of filter components (Avago) indicates that the proposed ‘sandwich’ band plan is feasible, and is anticipated to meet 3GPP performance specifications, including Tx emissions leakage and insertion loss.

The two key filter parameters for UE duplexer performance are: center gap and duplex spacing (Tx-Rx distance):
· UE-to-UE interference can arise due to insufficient duplex gap.  Based on evidence from today’s handsets, isolation of about 45 dB is necessary to guard against such spurious emission effects.  While a duplex gap of 10 MHz may be a challenge in achieving an isolation of 45 dB, indications are that it can be done – contrasting with other options proposing a duplex gap of only 8 MHz.

· Regarding duplex spacing (30 MHz for Option A), self-desensitisation effects can arise in certain circumstances if this Tx-Rx distance is too small.  Self-desensitisation becomes more severe with wider carrier bandwidths or when the UE is transmitting at higher power.  While carrier bandwidths of 5 MHz will pose little problem since the receive band is on the 6th harmonic, wider bandwidths could experience desensitisation if the UE’s are transmitting at high power.  However, under typical deployment scenarios, only very few UE’s will need to transmit at high power, so self-desensitisation is not expected to be significant.

10.
UE to UE Interference similar to European band plan:  With a similar duplex gap between uplink and downlink blocks, then UE-to-UE interference is expected to be about the same as for the proposed European 790~862 MHz band plan.

11.
No impact on US Block D and Public Safety allocations:  Note that 3GPP Band Class 14 specifies that US lower block ‘D’ (758~764 MHz) be used for ‘downlink’ operations – and is therefore compatible with this band plan.  Further, in regard to concerns of UE Tx emissions interfering with US upper block ‘D’ and Public Safety base station receivers (788~806 MHz), it is noted that 3GPP Band Class parameters downloaded to LTE UEs will inhibit their emissions outside of relevant (Verizon) uplink assignments – protecting upper block ‘D’ and Public Safety receivers.

12. Lower guard-band protection:  In the case of the 7 MHz and 8 MHz television raster plans prevalent throughout Region 3 and the African continent, the proposed ‘sandwich’ band plan includes a notable (2 MHz) guard band above the natural TV boundary occurring at 694 MHz.

13.
Asymmetric traffic needs:  The needs of asymmetric traffic can be met by applying signal processing techniques that are currently under consideration in the standards development process. Examples are: skewing the number of MIMO antennas to the side where higher traffic is needed, Multi user MIMO, and other methods.

View 2

The major benefits of this frequency arrangement include the following:

1.
Allows national planning flexibility:  This plan allows two alternative channel plans that can be accommodated according to national requirements.  

2.
Avoids LTE coverage ‘holes’ surrounding TV Transmitters:  If mobile downlinks are adjacent to a television transmission band then the user terminal receivers could be de-sensitised or blocked due to the strong adjacent channel signals.  This would result in coverage holes in the mobile network.  In both of the above examples the occurrence of this is avoided due to the correct duplex sense between television and mobile.  Mobile base station receivers can use filter and antenna designs to mitigate this adjacent band coordination.  

3.
Minimises filter/RF complexity & cost:  This band plan is likely to involve only four (4) filter blocks. Further, due to common uplink and downlink block alignment with the US, there is no need for additional PAs to accommodate this band plan in US handsets, or to achieve multi-regional operations and roaming.  

The relative simplicity of the proposed Unified Region 3 IMT Band Plan would translate to minimum circuit-board ‘real estate’ needs, larger multi-regional manufacturing economies of scale, resulting in cheaper handsets.

Other candidate band plans do not enjoy commonality of circuit-board real estate as discussed above, and would therefore require extra duplex hardware in the handsets.  

4.
Availability of multi-mode handsets:  The availability of multi-mode handsets is essential for backward compatibility. The proposed band plan accommodates an inherent transition benefit for Region 3 operators also reliant on legacy services by using a single multi-mode handset.  By leveraging ‘first-to-market’ deployments beginning in 2009/10, handsets will include reversion to legacy: 850 MHz W‑CDMA and cdma2000; and 2100 MHz W‑CDMA services.  This allows operators in Region 3 countries to gradually overlay 700 MHz LTE onto their existing 3G network infrastructure.

5.
Maximum Global Roaming:  Harmonising with simpler duplexer arrangements for Region 3 and major markets ensures wider international roaming opportunities while also leaving room for additional multi-band legacy network options. 

6.
Alternative ‘digital dividend’ options:  Where countries are unable to allocate a ‘digital dividend’ covering the whole of the band 698 - 806 MHz to mobile broadband services, the proposed band plan offers alternatives for mobile broadband deployments using the same common filter configuration, such as in the range 746 – 806 MHz.  

7.
Accommodates PPDR options:  The flexible channel plan structures available under the proposed unified band plan also allows countries to set aside particular spectrum segments for dedicated public safety or PPDR usage.  

8.
Minimum incremental design:  Design work on handsets to meet the North American mobile broadband (LTE) launch plans is underway and the proposed unified band plan represents no additional design or filter complexities (or only a minimum increment in design and filter complexity – to be confirmed) – minimising additional development costs and circuit-board ‘real estate’ needs.

9.
Preliminary performance confirmation:  Initial analysis by a leading global supplier of filter components (Avago) indicates that the proposed unified band plan is feasible, and is anticipated to meet 3GPP performance specifications, including Tx emissions leakage and insertion loss.

View 4

1. in developing these band plans, following are the key considerations:

a. Considering the high importance of this band and its economic value, it is important that the spectrum arrangement should be as efficient as possible and most of the available 108 MHz in the frequency band 698-806 MHz should be used

b. India plans to deploy BWA services in some parts of this band. Considering the likely asymmetric nature of the TDD duplexing arrangements can to be more spectrum efficient. On the Other hand, the advantages of this band with larger cell sizes can best be harnessed with FDD duplexing arrangement. Accordingly options for both duplexing arrangements are proposed.

c. In the FDD option, guard bands and large center gap between uplink and downlink blocks can be avoided by adopting a dual-duplexer solution. 

d. The Reversed duplex arrangement in the FDD option is better for co-existence with adjacent Radiocommunication services. In conventional mobile systems the lower mobile block is used for the uplink.  If reverse duplex is used, the lower frequency FDD block is the mobile down-link instead of the traditional up-link.  This reverse duplex direction is needed to protect broadcast receivers from Mobile Stations and also to protect FDD Base Stations from broadcast interference. Studies have shown that if FDD UL is next to broadcast a huge guard band would be needed to protect broadcast receivers from FDD UL. This is the reason, why CEPT decided to reverse the duplex direction. In a reverse duplex system, mobiles could receive interference from high powered TV transmitter sites. However, this interference would potentially be localized mainly around the broadcast systems.  This interference would require mitigation such as a combination of power limits on TV transmission in adjacent bands, exclusion zones (areas where mobiles would not function correctly), etc

e. Considering the benefits of public safety services in 700 MHz band due to inherent advantages of large coverage area, possible interoperability across the 700 and 800 MHz bands (which are currently being extensively used for PPDR) and the benefits of deploying IMT broadband technology for public safety use with the differences in operational requirements and implementations between these two services. PPDR based on IMT technologies could be considered in the band by national administrations depending on requirements.

f. A large Duplex Spacing between the up-link channel and its associated down-link channel will result in less likelihood of self interference between a handset transmitter and its own receiver.  Because a power amplifier out of band response is related to the bandwidth, the duplex spacing requirement is also dependent on the carrier bandwidth in order to protect the receiver from self interference.  A duplex spacing of at least 30 MHz is required to support carrier bandwidths of up to 10 MHz.  This result is derived using 3GPP specification 3GPP 36.101.

g. A Duplex Centre gap is a key characteristic of FDD-based frequency arrangement represented by the gap between frequency blocks assigned for downlink and uplink respectively in the FDD-based arrangement.  It is common understanding that the duplex spacing separation and center gap influence the duplexer performance so that larger spacing separation brings the better isolation performance between downlink and uplink. Technically, this size of spacing affects the duplexer performance in the following two technical aspects:

· Self-desensitization for FDD MSs and FDD BSs - 

· MS to MS interference and BS to BS interference  

h. A single FDD or TDD arrangement would make the most efficient use of the spectrum and provide a higher quality of service to the users of the systems. Mixing of FDD and TDD throughout the band would lead ( like in the slightly smaller amount of spectrum available within CEPT) to a in-efficient use of spectrum. At the border bwetween FDD and TDD special arrangements (guard bands or restricted blocks) ould have to be taken into account to protect the receivers from interference

2. The, FDD frequency arrangement in the band 698-806 could be a 2X50 MHz FDD arrangement as shown in Figure 1.

[image: image11]Figure 1: A 2x50 MHz arrangement between 698-806 MHz with an 8 MHz gap between downlink and uplink directions

2.1. This FDD solution with a 8MHz central gap maximizes utilization of largest amount of 100MHz, out of the 108 MHz available in the band. This arrangement as such minimizes the risk of fragmentation of UHF band and could make available large contiguous blocks of spectrum for a true mobile broadband experience. It also minimizes complexity of the terminals / handsets.

2.2. It is proposed to adopt an all FDD band plan because of following: 

a. FDD band plans are better suited for providing larger cell sizes 

b. An all-FDD band plan would provide the desired mobile eco system and benefits by economies of scale, reduced costs of global roaming

c. Would minimize the complexity of the terminals.

d. TDD limits the cell sizes to be relatively small because of large round trip propagation time between terminal and base station (BS) and thus loosing the advantage of wide area coverage available from 700MHz band.  

2.3. It is proposed to have reverse duplex i.e., higher frequency band for uplink for better co-existence with adjacent radio communication services. This would limit interference between high power broadcasting and mobile services in adjoining bands.





Figure 2. A Reverse Duplex arrangement between 698-806 MHz with UL from 756-806 MHz and DL from 698-748 MHz 

2.4. The above proposed band plan (paragraphs 2.1 and 2.4) with ‘dual split duplexer arrangement can be implemented with the current available filter technology requiring no state-of-art complexities; Sub-band pairings could be flexible depending on the needs of a country. PPDR based on IMT technologies could also be considered in the band by national administrations depending on requirements.

2.5. With the center gap of 8 MHz in the proposed band plan:

a. The BS-BS interference could be handled by additional filtering using current conventional technologies;

b.  Related to UE-UE interference, 10 MHz and narrower channel bandwidths are feasible with 8 MHz gap using conventional filter technology.  In order to deploy wider carrier bandwidth channels in the proposed arrangement, the duplexer requirement could be more stringent; the possible solution may be to use narrower channel at the band edge and wider channel bandwidth only further away from the band edge.

3. It is also possible to mix FDD and TDD multiplexing modes. However, the mixing of FDD and TDD multiplexing modes leads to inefficient utilization of spectrum, as significant guard bands would be required to avoid interference; may also fragment the total available band and restrain availability of large continuous blocks of spectrum.

4.  Summary: 

Considering that the FDD and TDD mixed band plan is not spectrum efficient in utilization, the mixed band plan option is not recommended. The possible options for a harmonized frequency arrangement in the 698-806 MHz UHF band are either, FDD, or, TDD channelling plan, which would need to be based on optimum utilization of the spectrum, minimum complexity of the terminals, desired mobile eco system, so as to achieve low cost mobile broadband access and economies of scale.

It is important to develop an “in-band” duplexer frequency channel block arrangement that provides a spectrum efficient solution for wide carrier bandwidths. Within 2x50MHz, a “in-band dual filter” solutions of various sizes of blocks are possible in theory.

Equal split for two duplexer frequency channel blocks of 2x25 MHz may not be the most optimal as typical carrier bandwidth is expected to be multiple of 10MHz. The most un-equal split of 2x40+2x10 MHz has a small pairing of 2x10MHz that will limit the provision of higher than 10MHz carrier bandwidths. 

With reference to the band 698 – 806 MHz identified for IMT by WRC-07 in many region 3 countries, a single FDD arrangement would make the most efficient use of the spectrum. Mixing of FDD and TDD throughout the band would lead to an inefficient use of spectrum. At the border between FDD and TDD special arrangements (guard bands or restricted blocks) would have to be taken into account to protect the receivers from interference.

In order to avoid constraints and not to complicate the license award processes it is desirable to have as large regulatory flexibility as possible. The maximum bandwidth of an RF filter or duplexer for a terminal at this frequency range is today around 30-35 MHz. Any arrangement that efficiently uses the 108 MHz bandwidth in the frequency range 698-806 MHz must thus have more then one duplexer. Instead of supporting this frequency range with one duplexer of the size 2x30 MHz and one of the size 2x20 MHz, the cost of instead using two of the size 2x30 MHz is marginal. The two duplexer blocks would then overlap 10 MHz and give a much larger flexibility to the regulatory possibilities in the licensing process. In Figure 4 the dual-duplexer configuration with the block sizes of 2x30 MHz and overlap of 10 MHz is shown. To demonstrate the flexibility with this approach some examples of possible carrier bandwidths to be licensed to various numbers of operators are also given, noting that additional options are of course possible. It is important to recognize that the size of the duplexer blocks must be harmonized.
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Figure 3.  Detailed arrangement for 2x50MHz dual-duplexer arrangement with frequency channel block sizes of 2x30 MHz that overlap 10 MHz and some examples of carrier bandwidths that could be flexibly licensed with this approach.

This FDD dual-duplexer split arrangement; offers the maximum of 2x50 MHz of useful spectrum out of the maximum of 108 MHz available representing a hitherto unknown spectrum efficiency. Given the operational benefits and further enhancements in spectrum efficiency of deploying IMT broadband technology not only for commercial services but also for PPDR and other mission critical applications, it offers the possibility to include provisions for the allocation of a special spectrum block pair for mission critical mobile broadband services, such as for example the pair Op.5/Op.5 or Op.4/Op.3 in the figure. In this very flexible environment it is fully up to national administrations to decide which pair should be applied to these special services. 

Use of IMT broadband technology 

Given the benefits and enhancements in deploying IMT broadband technology for PPDR, the above proposed bandplans could also support allocation of a spectrum block with appropriate bandwidth for PPDR applications, depending on the needs of the Administrations. 
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Example of block arrange-ments
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Notes:


1. Including US Verizon channel assignment plan.


2. Including US AT&T channel assignment plan.
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� 	Broadcasting service as defined in Article 1 in the ITU Radio Regulations
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Revised 700 MHz Band Plan for Commercial Services 
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698 704 710 716 722 728 734 740 746 752 758 764 770 776 782 788 794 800 806 
 
 
 LOWER 700 MHZ BAND UPPER 700 MHZ BAND 
 (TV CHANNELS 52-59) (TV CHANNELS 60-69) 
 
 
 
 


Block Frequencies (MHz) Bandwidth Pairing Area Type Licenses 


 A  698-704, 728-734 12 MHz 2 x 6 MHz EA 176 


 B  704-710, 734-740 12 MHz 2 x 6 MHz CMA 734 


 C  710-716, 740-746 12 MHz 2 x 6 MHz CMA 734 
 


 D  716-722 6 MHz unpaired EAG 6 


 E  722-728 6 MHz unpaired EA 176 
 


 C  746-757, 776-787 22 MHz 2 x 11 MHz REAG 12 


 A  757-758, 787-788 2 MHz 2 x 1 MHz MEA 52 


 D  758-763, 788-793 10 MHz 2 x 5 MHz Nationwide 1 * 


 B  775-776, 805-806 2 MHz 2 x 1 MHz MEA 52 
 
* Subject to conditions respecting a public/private partnership.   
 
The blocks shaded above in gray (Lower 700 MHz Band C and D Blocks and Upper 700 MHz 
Band A and B Blocks) were auctioned prior to Auction 73. 


 






