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EXECUTIVE SUMMARY
On 6 May 2003, the then Minister for Communications, Information Technology and the Arts announced the formation of a Digital Radio Study Group comprising representatives from the Department of Communications, Information Technology and the Arts, the Australian Broadcasting Authority (ABA) and the Australian Communications Authority (ACA), to inquire into and report to the Minister on the:

· implementation of the alternative digital radio technologies, including Eureka 147, 
In-Band-On-Cannle (IBOC), Digital Radio Mondiale (DRM) and digital satellite and hybrid satellite/ terrestrial services, in overseas markets

· relative merits of the alternative technologies in terms of the range and types of services that can be delivered, the particular advantages and disadvantages of each technology in the Australian environment, and any implications for spectrum planning, clearing or efficiency in the Australian context

· implications of the alternative technologies with respect to technical standards or regulatory considerations.

The Study Group produced two information papers; Digital Radio Technology Update which provides a detailed technical analysis of the major technology options for digital radio, and Stocktake of Implementation Strategies for Digital Radio which provides an overview of the various approaches being adopted overseas.

This report is presented in two parts. Section 1 provides an overview of the various digital radio technologies, the roll-out of digital radio in major markets overseas, the nature of services and the drivers for consumer take-up. Section 2 examines a range of options and implications of a number of threshold issues in the Australian context. 
Digital radio broadcasting is at an early stage of development and no country has yet achieved significant commercial success with digital radio.

The United Kingdom, Germany and Canada have progressed significantly with the terrestrial implementation of the Eureka 147 system. A number of other European countries have also commenced Eureka services including France, Sweden, Portugal, Italy, Spain, and Belgium. 

In the United States, the Satellite Digital Audio Radio Services (SDARS) subscription services are developing quickly, with increased subscription numbers over the last 12 months for the two competing service providers, XM Satellite Radio and Sirius Satellite Radio. At the same time the Federal Communications Commission (FCC) has approved IBOC as the national standard for the introduction of terrestrial digital radio broadcasts on a voluntary and interim basis, and a number of New York radio stations are reported to have commenced digital retransmission of their services. 
A number of other digital radio technologies are at different stages of development. DRM is designed to deliver very wide area coverage services in the high and medium frequency (HF and MF) bands. Terrestrial Integrated Services Digital Broadcasting (ISDB-T) is a wideband system similar to the DVB-T system employed in Australia for digital television. The ISDB-TSB system is currently being trialed in Japan. 

Most digital radio systems are promoted as providing improved reception, better audio quality and a broader range of services including program associated text and images, additional data services and the offer of subscription services. The key drivers of consumer take-up appear to be the availability of services that are unique to digital, audio quality and the price of receivers.

While most countries that have implemented digital radio appear to anticipate it will eventually replace analog services, only one (Germany) has announced a target analog 
switch-off date. The dual operation of analog and digital services appears likely to continue for a significant period in almost all markets. In all markets studied, digital services offered include both the simulcast of analog and supply of unique to digital services by incumbent and new operators.

A number of the possible digital radio technologies have the potential to provide services that closely replicate the key characteristics of analog radio. These characteristics include terrestrial delivery, ubiquitous mobile coverage, localised audio-based content of general appeal, and free-to-air availability via common reception equipment. To the extent that a digital radio service may be indistinguishable to listeners from an analog radio service, the digital service may have a significant impact on the audiences for existing analog radio services, and in turn on the achievement of the Government’s broadcasting policy objectives. Therefore, it may be in the public interest to ensure that the digital radio platform is regulated so as to promote the relevant objects of the Broadcasting Services Act 1992 (BSA).

This does not necessarily imply that digital radio needs to be regulated in the same manner as analog radio. In fact, a number of the key features of some digital radio technologies could make it difficult to apply the existing analog radio regulatory framework to digital radio.

The current licence area planning regime for analog terrestrial radio determines, among other things, the number and categories of service to be delivered in each licence area, having regard to the size and nature of the communities encompassed by the licence area. The ability or otherwise of different technologies to replicate the current licence area approach will have implications for the way in which the objects of the BSA can be addressed. 
Two groups are conducting trials of the Eureka technology in Sydney (VHF and L‑Band) and Melbourne (VHF only). A range of commercial, national and other radio broadcasters are involved in those trials, demonstrating Australian industry interest in digital radio.

While it may be possible to use the existing broadcast and spectrum licensing frameworks to licence certain digital radio services, like narrowcast services for example, it may be desirable to provide for a digital radio-specific licensing regime prior to the introduction of commercial, national, or community services. Additionally, there would be a need to identify and make spectrum available for such services and service providers would need to be identified who were willing and able to acquire the spectrum and roll out the infrastructure.

The United States experience suggests that minimal changes would be required to the current regulatory and licensing framework to provide for the introduction of SDARS-like services in Australia. Provided that satellite delivered services were delivered in such a way as to not directly compete with terrestrially delivered, localised radio services, there may be few issues for Government consideration beyond interference management and spectrum allocation. However, since the spectrum required for these services may also be required for terrestrial digital radio services, the issue of competing demand for spectrum would require resolution by the Government.

A decision to implement terrestrial digital radio services in the short term would need to consider factors such as the stability and reliability of the established technologies and the availability of receivers manufactured in sufficient volume to be offered on the Australian market at an accessible price for the majority of potential listeners. Under these criteria, the most appropriate terrestrial digital radio choice at this point in time would appear to be Eureka.

While Eureka technology seems well in advance of any of the alternative terrestrial solutions, an option may be to take a ‘wait and see’ approach which would provide further opportunity to examine developments overseas before committing to a technology. A small market such as Australia needs to be mindful of the economies of scale in the production of receiver and transmitter equipment as most radio receivers are imported. It would be important for Australia to adopt a digital radio system that was being successfully deployed in other major markets.

As previously noted, no country has yet clearly demonstrated a commercially viable implementation of terrestrial free-to-air digital radio services. It is not yet clear what the nature of the successful business model will be for digital radio, whichever technology is chosen. Digital radio may eventually replace analog radio, or it may supplement continuing analog radio services. International experience suggests that analog shutdown is a long term prospect at best. Digital radio may ultimately rely more on data transmission than advertising, which traditionally formed the bulk of the revenue for analog radio services.

IMPLEMENTATION APPROACHES
Examination of the implementation of digital radio internationally reveals a range of approaches taken by national governments. These approaches reflect a number of policy drivers, many of which are specific to each particular country, such as the structure of the broadcasting market, technical or spectrum constraints, and a particular government’s perspective on the role of digital radio.

For the purposes of this report, the approaches to implementation have been broadly grouped into three main categories: Full Conversion, a Market-Based approach or Managed Introduction.

A Full Conversion approach would seek to transition all incumbent broadcasters by replicating the existing analog radio services in digital, with a view to switching-off the analog service at some point linked to the take-up of digital receivers. This approach would be based on an assumption that digital radio was primarily a replacement technology for analog radio and would, presumably, involve the hand back of analog radio spectrum after the designated switching-off date. No other market has pursued a Full Conversion approach.

Under a Market-Based approach to implementing digital radio, there would be only minimal regulation applied to services, primarily in areas such as taste and decency and other content-related requirements, technology standards, spectrum allocation and interference management. Essentially, the spectrum would be made available, probably by auction, and there would be no requirement to deliver a particular type of service. This approach could provide for the separation of the regulation of content and carriage.

A Managed Introduction approach would seek to combine elements of both the Full Conversion and Market-Based approaches. Priority access to the limited digital capacity could be provided for incumbent analog broadcasters on a voluntary basis, while also making provision for new services and the development of innovative data services. This model could include a price mechanism where incumbent commercial broadcasters can bid for the right to early access to the initially limited amount of spectrum. Alternatively, they could choose to wait until more spectrum is identified (following analog television closure). While the full replacement of analog services would not be a planned component of this approach, some reasonable assurances could be provided to incumbent broadcasters that a ‘place’ in digital would be available to them if analog closure were pursued.

Whatever approach is taken to the implementation of digital services, careful consideration would need to be given to the implications of the new digital services for the relevant objects of the BSA. These objects include the availability of a diverse range of services throughout Australia, appropriate coverage of matters of local significance and an efficient, competitive industry responsive to audience and user needs. They are in part expressed in the current allocation of analog licences as set out in the various Licence Area Plans (LAPs).

A Full Conversion approach would require sufficient spectrum to accommodate all incumbent broadcasters in digital format from commencement. The Market-Based and Managed Introduction approaches are better able to address the limits on currently available spectrum and to provide for future allocations as spectrum becomes available (such as from the eventual hand back of analog television spectrum). 

WAY FORWARD
Further work is required to assess the number of digital services (Eureka 147, DVB-T or ISDB-TSB) which might be accommodated in VHF Band III in metropolitan and regional markets. While some useful work has been done on the theoretical channel capacity of the L‑Band spectrum for a Eureka only rollout, the potential for its use as one component of a Hybrid VHF/L-Band model with the latter used primarily for infill or town only purposes could usefully be explored. Further technical studies of L-Band propagation and building penetration characteristics and transmission site requirements, would also be required in order to assess this band’s potential role in digital radio implementation.

In determining a broad approach to the implementation of digital radio services, there are a number of questions that would require early consideration, including: 

· whether the public interest would be served by an early implementation of digital radio services or even a commitment to an implementation strategy

· what factors are most important in choosing a digital radio technology and the spectrum to deliver the service

· whether digital radio can be treated as a supplementary or a replacement technology

· the extent to which digital radio should be regulated both immediately and over time

· the role of the incumbent commercial, community, national and other radio broadcasters

· the scope for the provision of new services and the participation of new service providers.

The nature of a policy and regulatory framework for the introduction of digital radio would be a decision for Government. However, there are clearly still a number of technological and market uncertainties that serve to cloud the decision-making environment. 
A stakeholder consultation process drawing on the Study Group’s report should be undertaken over the next 12 to 18 months. Objectives of such a process could include to: 

· articulate the relative merits of the ‘conversion’ of analog radio to digital format compared to the ‘supplementation’ of analog radio by digital

· develop a more detailed understanding of the drivers for consumer take-up of digital radio to ensure these are considered in any introduction of digital radio in Australia

· undertake a comprehensive analysis of the availability across Australia of appropriate spectrum for likely digital radio scenarios.

BACKGROUND
On 6 May 2003, the then Minister for Communications, Information Technology and the Arts announced the formation of a Digital Radio Study Group to report on the status of the major digital radio technologies currently available internationally.

The Study Group, comprised of representatives from the Department of Communications, Information Technology and the Arts, the Australian Broadcasting Authority (ABA) and the Australian Communications Authority (ACA), was tasked with examining initiatives currently being developed and implemented overseas, in terms of digital radio technology and approaches to service delivery. 

Specifically, the Study Group was to inquire into and report to the Minister on:

· the implementation of the alternative digital radio technologies, including Eureka 147, IBOC, Digital Radio Mondiale and digital satellite and hybrid satellite/terrestrial services, in overseas markets
· the relative merits of the alternative technologies in terms of the range and types of services that can be delivered, the particular advantages and disadvantages of each technology in the Australian environment, and any implications for spectrum planning, clearing or efficiency in the Australian context
· the implications of the alternative technologies with respect to technical standards or regulatory considerations.

The Study Group produced two information papers; Digital Radio Technology Update which provides a detailed technical analysis of the major technology options for digital radio, and Stocktake of Implementation Strategies for Digital Radio which provides an overview of the various approaches being adopted overseas. 
On behalf of the Study Group, the ABA convened a Digital Radio Forum in Sydney on 26 September 2003. The Forum featured presentations by the Study Group members and representatives of 12 key industry stakeholder groups, and was attended by around 100 participants. The Study Group’s information papers formed the basis for the discussions at the Forum and were provided to the industry for comment. 

This report is presented in two parts. Section 1 provides an overview of the various digital radio technologies, the roll-out of digital radio in major markets overseas, the nature of services and the drivers for consumer take-up. Section 2 examines a range of options and implications of a number of threshold issues in the Australian context. This section also discusses a range of implications of the Eureka technology for Australia’s broadcasting regulations.

SECTION 1:  INTERNATIONAL STATUS OF DIGITAL RADIO
Digital radio broadcasting has only been employed on a commercial scale since the mid-1990s. It is, therefore, at an early stage of development and no country has yet achieved significant commercial success with digital radio. However, the implementation of digital radio around the world is significantly more advanced than it was at the time of the Government established Digital Radio Advisory Committee study in 1996.

This section provides:

· a short description of each of the major digital radio technologies

· the status of the implementation of digital radio internationally

· some key elements of the regulatory environments for digital radio

· overseas experience regarding key drivers for consumer take-up
· an overview of the different approaches being taken by industry.

A more detailed analysis of these issues can be found in the previous reports of the Study Group, Digital Radio Technology Update and Stocktake of Implementation Strategies for Digital Radio.

DIGITAL RADIO TECHNOLOGIES
The term ‘digital radio’ is used to describe a variety of digital systems, some resembling analog radio more than others. The Study Group has considered the relative benefits of a range of candidate technologies in relation to the quality and quantity of services currently provided by analog radio. However, the Study Group also recognised that many of the key benefits to be derived from these technologies arise from their potential to deliver new and different services to traditional radio. 

Eureka 147

The Eureka 147 system can typically deliver five CD quality stereo radio services, or a greater number of services (perhaps ten) of lesser audio quality, over a bandwidth of approximately 1.5 MHz. This group of services in the one frequency block is often referred to as either an ‘ensemble’ or a ‘multiplex’. The multiplex uses a single data stream to deliver all the constituent services of the multiplex from a common transmission site. While the coverage of all the services will generally be the same, some services could provide a more robust service to a smaller coverage area (i.e. for mobile reception on hand-held receivers) or a less robust service to a wider coverage area (for fixed reception with external antennas). This differs from existing transmission arrangements for analog radio where separate transmission equipment is used for each service. 

The Eureka system can be used for a range of applications such as wide-area or local delivery of audio and data services for mobile, portable and fixed reception. Internationally, the Eureka system currently uses VHF Band III and L‑Band spectrum, and to date has been implemented for terrestrial broadcasts under the name ‘DAB’ (digital audio broadcasting) in the United Kingdom, across Europe, parts of Asia and Canada. Eureka is currently being trialed in Sydney and Melbourne.

Most countries that have adopted the Eureka technology have instituted a two-tier licensing regime, which licenses content providers separately from carriage providers (the multiplex operators).

In addition to digital radio, Eureka also offers the scope to be a distribution platform for a broader range of services including images, data and text services and has the potential to deliver low-quality video. It has recently been reported that the South Korean government intends to invest around US$40 million over five years to develop a mobile video streaming technology based on the Eureka platform. 

Initial assessments of the operating cost of VHF Eureka multiplex transmission suggest that it would be equivalent to the cost of a high power FM service. Consequently, the per channel transmission cost of providing a VHF Eureka service in a metropolitan area would be considerably lower than its analog equivalent (in terms of the infrastructure and operational costs). 

A range of consumer electronics manufacturers are already producing Eureka receivers and components. A variety of receiver types are currently available including in-car tuners, hi-fi component receivers, basic kitchen radios, and more sophisticated handheld models. There are currently around 60 different digital radio sets available in the United Kingdom, made by over 30 different manufacturers. The sets range widely in price with the average receiver costing between £100 and £250. However, in late 2003, low price ‘kitchen radio’ type receivers were priced as low as £69. In December 2003, major consumer electronics retailer, Dixons reported that in its stores digital radios outsold analog sets.

Battery operated receivers are currently constrained by the high energy consumption of Eureka receivers which limits battery life.

Eureka is the most mature terrestrial digital radio technology currently available. It is generally considered a robust system that is moderately spectrum efficient in comparison to analog FM broadcasts, and can deliver high quality audio and a range of data services. However, some commentators suggest that its older data coding technology renders it less spectrum efficient than a number of the emerging technologies.

The United Kingdom, Germany and Canada have progressed significantly with the terrestrial implementation of the Eureka system. A number of other European countries have also commenced Eureka services including France, Sweden, Portugal, Italy, Spain, and Belgium.

Digital Radio Mondiale

Digital Radio Mondiale (DRM) is a non-proprietary system specifically designed to deliver very wide area coverage services in the high and medium frequency (HF and MF) bands. DRM is a narrowband technology that allows the provision of a single digital service, which is reported to be of around monophonic FM radio quality, and limited ancillary data services.

The DRM technology can be readily implemented using the same channel spacing and frequency allocation processes that are currently employed in Australia for the MF ‑ AM Band as well as those employed for the HF Band worldwide. DRM can potentially be deployed from existing AM radio infrastructure with low conversion costs and would provide a significant audio quality improvement over analog AM broadcasts. 

DRM test transmissions have been on-air internationally since December 2001 and as at February 2004 a total of over 213 hours of programming is broadcast daily worldwide from 22 transmission sites. However, consumer receivers are not yet available through retail outlets. Reception is currently made possible through the use of software receivers on PC which takes the signal from a modified radio receiver. The software is available to the public at a cost of €60.

There are reports of a number of manufacturers undertaking research for the development of a hybrid Eureka/DRM receiver. Such a hybrid system could be attractive for Australia, as it may provide for the provision of cost effective wide coverage digital radio services in sparsely populated areas, while allowing for the provision of Eureka services in metropolitan areas and regional centres. 

The WorldDAB Forum, the European-based organisation charged with promoting Eureka take-up around the world, and the DRM Consortium have recently agreed to ‘collaborate on the development of their systems’ and to ‘foster conditions that are favourable for both digital systems’ (WorldDAB article: WorldDAB forum and Digital Radio Mondiale agree to cooperate over future of digital radio, 30 August 2003).

In-Band On-Channel

The In-Band On-Channel (IBOC) digital radio system delivers a narrow-band digital simulcast service, with a limited data capacity, alongside the transmission of an existing analog AM or FM radio service. This allows the receiver to ‘fall back’ to the analog services in areas of poor digital reception. The IBOC system also provides for the eventual phasing out of the analog service to provide more bandwidth for a higher quality digital-only service.

The IBOC system, developed by an alliance of major United States radio networks and technology developers known as iBiquity Digital Corporation, was specifically designed to ‘convert’ existing AM and FM broadcasters from analog to digital format using their current spectrum assignments. iBiquity is promoting the IBOC system under the name ‘HD Radio’. 

In 2002, the United States Federal Communications Commission (FCC) approved IBOC as the national standard for the introduction of terrestrial digital radio broadcasts on a voluntary and interim basis. The FCC deferred establishing a formal standard and the associated broadcast licensing amendments.

Of the available digital radio technologies, IBOC is arguably the most similar to analog radio in terms of both the technology and the nature of the services it can provide. As the name ‘HD Radio’ would suggest, IBOC is described as providing a ‘high definition’ version of existing analog services. As it is delivered in the same channel as analog FM or AM services, it allows existing broadcasters’ frequencies to be retained. If the analog service is eventually removed, it may also provide scope for additional data or text services. In addition, when the simulcast period ends, the robustness of the signal is significantly increased. 

While the FM IBOC system could be implemented in Australia relatively easily using existing spectrum allocations, the introduction of the AM IBOC system would be problematic in its present form. The AM IBOC system cannot currently be used at night due to the propagation properties of MF ‑ AM spectrum. Additionally, the IBOC system as designed for operation in the United States, requires 10 kHz channel spacing in the MF ‑ AM Band, unlike Australia’s 9 kHz channel spacing, so receivers may require modification at unknown cost. 

The IBOC system being developed in the United States is based on a technology largely owned and controlled by a single company (iBiquity). The likely cost to Australian broadcasters for accessing the intellectual property associated with the technology would need to be carefully considered before it was adopted as a standard for digital radio in Australia.

IBOC also allows existing broadcasters to retain their current analog business model and frequency associated branding. However, as IBOC is designed for simulcasting, it reduces the potential for new services. In addition, recent (but now resolved) uncertainty concerning the audio coding technology to be used by the IBOC system has slowed the development of a consumer receiver market. The first commercially available ‘HD Radio’ receivers from manufacturers Kenwood, Panasonic and JVC were launched in January 2004. Also, a number of New York radio stations are reported to have commenced digital retransmission of their services in early 2004. 

Digital Video Broadcasting-Terrestrial

The Digital Video Broadcasting (DVB) project, while primarily designed for television broadcasting, may also be used for other applications such as broadcasting audio and data services. The Digital Video Broadcasting-Terrestrial (DVB-T) system has been deployed in many countries, including Australia, within existing broadcasting service band allocations, including VHF Band III, and UHF Bands IV and V. As with the Eureka system, the use of DVB-T for digital radio requires programs to be multiplexed together at a central point prior to transmission.

The DVB-T system is used in Australia primarily to broadcast free-to-air digital television. It is also used to distribute some Australian Broadcasting Corporation (ABC) and Special Broadcasting Service (SBS) radio services. The ABC uses the system to broadcast its Internet radio service, dig, while the SBS uses it to simulcast its two radio channels. There are currently no commercial radio services using the DVB-T platform in Australia. In the United Kingdom, the Freeview DVB-T service provides more than 20 radio programs. 

DVB-T is used to provide services to fixed receivers, such as set-top-boxes and digital televisions, and although it is technically capable of being received with mobile receivers, the technology is not optimised for mobile reception. To provide a more optimal solution for broadcasting to mobile receivers, DVB is currently developing a new standard, known as DVB-H.

Terrestrial Integrated Services Digital Broadcasting 

Terrestrial Integrated Services Digital Broadcasting (ISDB-T) is a wideband system similar to the DVB-T system employed in Australia for digital television. However a key difference is that each ISDB-T service can be band segmented into 13 separately receivable sub-bands. One or three of these band segments can be used to provide sound broadcasting (i.e. radio) services, and this is known as ISDB-TSB. Like Eureka, the ISDB-T and ISDB-TSB systems use time interleaving of the digital transmission for improved mobile reception.

The ISDB-TSB system is currently being trialed in Japan. While there is limited information available, there are indications that the ISDB-TSB system will also provide for the broadcast of low bit-rate video services. The ISDB-TSB system is designed for low power consumption receivers to allow portable battery operated devices to be manufactured, however, as this system is still relatively immature, no consumer receivers are yet available.

Satellite digital radio

Satellite systems may also be used to deliver digital radio services direct to consumers. It should be noted that a number of radio services in Australia are already uplinked for satellite distribution in digital format, and are subsequently retransmitted to consumers via analog terrestrial networks. The work of the Digital Radio Study Group focuses on those technologies that involve the reception of a digital service by consumer receivers.

Direct-to-consumer satellite digital radio services have been available in the United States on a subscription basis since 2001. There are currently two Satellite Digital Audio Radio Services (SDARS) providers in the United States, XM Satellite Radio and Sirius Satellite Radio, providing services in the S-Band. WorldSpace is another satellite operator who provides digital radio and data services to under-served markets, particularly in Asia and Africa, using L-Band spectrum.

Both XM and Sirius deliver around 100 digital radio channels of music, news, sports, talk, comedy, children’s and entertainment programming. The services are provided to special receivers, primarily in cars, on a subscription basis only. The XM service also provides weather services for aviation, marine and emergency services customers. XM and Sirius receivers cost around US$200. Recent analysis by the Carmel group suggests that 2003 will be the year when subscription satellite radio in the US reaches a critical mass of around 1.5 million subscribers.

WorldSpace delivers around 40 radio channels and a range of multimedia services through two satellites servicing Africa, parts of Europe, the Middle East and Asia. The original business model for WorldSpace appeared to be a free-to-air radio service, supported by advertising revenue, the leasing of transmission capacity, and the provision of subscription data services. It has recently extended its subscription offerings to cover some radio services. There are currently 12 manufacturers of WorldSpace receivers, with units ranging in price from US$100 to $250. 

IMPLEMENTATION
Coverage

Levels of terrestrial digital radio coverage differ significantly between countries. Digital radio services commenced in a number of countries in the mid to late 1990s, and in some countries already cover a large proportion of the population, including Belgium with 98 per cent coverage, the United Kingdom with 85 per cent coverage, Germany with 78 per cent coverage, and Portugal with 75 per cent coverage. The multiplex operators in these countries are generally required to meet a minimum coverage level as a condition of their licence.

· For example, the United Kingdom’s nationwide commercial multiplex operator was required to achieve 85 per cent coverage of the population by the end of 2002, and the British Broadcasting Corporation (BBC) by early 2004. Broadcasters in Portugal are required to cover 95 per cent of the population by the end of 2005. 

· A number of other markets have no such regulations, and consequently coverage in these countries is significantly lower. These countries include Canada and Sweden, both with 35 per cent coverage, and France, with 25 per cent, with coverage centred on major population areas and connecting motorways.

Receiver markets

A variety of digital radio receivers have been on the market since the late 1990s in the home, car, portable and PC markets. Availability of these receivers varies between countries and in some instances are only available through specialist stores, as is the case in Germany, or through manufacturer’s catalogues, as in Italy. 

The relatively high price of these receivers over recent years has slowed consumer take-up. While products range in price and technical sophistication, the average for a Eureka receiver in the United Kingdom is still about £200, and for a satellite digital radio system in the United States, about US$200. 
At Christmas 2003 in the United Kingdom, basic Eureka digital radio receivers were priced as low as £69. This development, combined with increased investment in new content, is believed to have been responsible for the recent increased consumer take-up in the United Kingdom. At the end of 2003, digital radios were in 435 000 United Kingdom homes. The United Kingdom Digital Radio Development Bureau expects this number to increase to more than one million by December 2004. 

Programming

Most countries that have adopted the Eureka technology have a mixture of simulcast (identical content in analog and digital format) and unique-to-digital services. It appears a common strategy for incumbent analog broadcasters to commence a digital service as a simulcast of an analog service, and to subsequently differentiate the digital service through additional or alternative digital-only content.

Around half of all digital radio services are either simulcasts of existing analog radio services, or similar broad appeal services. An increasing number, however, are providing more targeted programs to consumers including services devoted to classical music, children’s programming, jazz music, local music, talk, news, and traffic information. For example, the United Kingdom’s ‘Passion for the Planet’ is a service that covers environmental and health issues, and Germany’s ‘Pirate Radio’ is a service providing techno and house music. Digital radio broadcasters are also offering services in a variety of languages. 

National broadcasters are playing an important role in the introduction of digital radio. In some countries, including Belgium, Sweden, Portugal and Taiwan, the national broadcaster is the sole provider of digital radio services. However, in most countries there is a mix of national and commercial digital services.

Data services

Broadcasters are also taking advantage of the capacity of digital radio to deliver data services. At this stage, data carrying capacity is primarily employed to provide news and traffic information; such as the WDR VERA automated traffic service in Germany, and Radio Traffic in Belgium. In the United Kingdom, Digital One has experimented with data channels by offering ‘Digizone’, a service accessed via a digital receiver and personal computer that features games for download and background material to support the commercial service Classic FM.

Consumers have expressed strong demand for data services, particularly in the form of local information, including news, weather and traffic condition updates. However, a number of governments (in countries that have adopted the Eureka system) have imposed limits on the amount of multiplex capacity that can be allocated to data services in order to ensure that multiplexes are primarily used to deliver audio services. These limits range from 10 per cent in Denmark, 20 per cent in the United Kingdom, to 35 per cent in Singapore.

The data carrying capacity of a Eureka multiplex can also be used to deliver a range of broadband and other data applications, including potential services such as the South Korean mobile video streaming initiative.

Consumer awareness

A number of countries, including Germany, the United Kingdom, and Spain, have imposed licence conditions on multiplex operators to promote the take-up of digital radio to consumers. In other countries, industry organisations have been established to promote the benefits to consumers and broadcasters of digital radio.

· The German consumer electronics manufacturers’ association established the ‘Initiative Marketing Digital Radio’ (IMDR) in 2001. IMDR aims to improve receiver penetration through co-operation with broadcasters and the automobile industry. It is funded for three years by the network operators and a number of major receiver manufacturers.

· Digital Radio Roll-Out Inc (DRRI), with the support of the Canadian government, manages the marketing of digital radio in Canada. DRRI is a non‑profit joint initiative of major private broadcasters, a number of smaller private broadcasters and public broadcasters (CBC and Radio Canada). It was established by government funding of $CDN 1 million which was subsequently matched by the industry.

· The Digital Radio Development Bureau (DRDB) aims to promote and encourage take-up of digital radio in the United Kingdom. It is funded by both the BBC and the commercial multiplex operators. The DRDB provides a consistent marketing message to broadcasters, support for retailers, and coordinates ‘hands on’ demonstrations of digital radio for consumers. The national commercial multiplex operator, Digital One, is required to promote digital radio as a condition of its licence.
REGULATORY ENVIRONMENT
Research conducted by the Study Group suggests that most countries at the forefront of digital radio appear to believe that digital radio will eventually replace rather than supplement analog radio. However, the regulatory frameworks put in place suggest that, for some time to come, digital services will supplement analog services. For example, while Canada has provided for the conversion of all incumbent analog broadcasters, it has not indicated any switch-off date for analog services. While the United Kingdom regulations have provided for the automatic conversion of the BBC and nation-wide commercial services, they have not provided for the automatic conversion of local commercial services.

An exception to this observation is Germany, which has indicated a switch-off date for analog radio between 2010 and 2015. While this would return the current MF‑AM and VHF Band II ‑ FM broadcasting spectrum for reallocation, it has not been made clear for what purpose it would be reallocated.

In addition to the previously mentioned minimum coverage, promotional, and maximum data service regulations, there are a number of areas that have attracted policy attention across the range of countries that have implemented digital radio.

Licensing

As mentioned earlier, the Eureka system typically delivers an ‘ensemble’ of five to ten radio or data services in one frequency block, or ‘multiplex’. The multiplex uses a single data stream to deliver all the constituent services of the multiplex from a common transmission site. While the coverage of all the services will generally be the same, some services could provide a more robust service to a smaller coverage area (i.e. for mobile reception on hand-held receivers) or a less robust service to a wider coverage area (for fixed reception with external antennas). This differs from existing transmission arrangements for analog radio where separate transmission equipment is used for each service.

In most countries that have adopted the Eureka system, this method of delivering broadcasting services has resulted in the creation of a two tier licensing system; with separate licences for the operation of a multiplex, and for the provision of audio programs or other content.

· In the United Kingdom, the Radio Authority (now Ofcom) issues Digital Multiplex licences to broadcast a multiplex of program services in digital form on either a nation-wide or local coverage basis, and Sound Programme Service licences, which allow an applicant to provide a program service via a digital multiplex. The Authority also issues Digital Additional Service licences to provide non-program related data services.

· In Germany, a similar two tiered licensing system is employed, however, the federal government issues multiplex licences on the basis of centrally coordinated frequency allocation, while state authorities issue content licences.

Simulcasting

In relation to the introduction of digital radio, the term ‘simulcasting’ refers to the practice of simultaneously providing identical content via analog and digital transmission. Most countries that have adopted the Eureka technology have a mixture of simulcast and unique-to-digital services. However, no country’s regulatory framework for digital radio services currently either requires or prohibits full simulcasting.

Where countries’ regulatory frameworks specifically address the issue of simulcasting the regulations reflect the differences in policy approaches to digital radio.

· The German government believes that simulcasting analog and digital services is expensive and burdensome for the broadcasters. Accordingly, German regulation provides for voluntary analog radio switch-off and contains no simulcast requirements. However, operators will be required to cease analog transmission on the mandatory switch-off date, which is yet to be determined, although, the German government has indicated that this will be between 2010 and 2015. In fact, in some areas, new licences are only being issued in digital form.
· While there is no simulcasting requirement on digital radio licensees in the United Kingdom, the government has imposed a requirement that an application for a new nation-wide analog radio licence must include a proposal for providing a digital simulcast service. This is intended to help build momentum behind the introduction of digital radio.

· The Canadian government is of the view that broadcasters should primarily simulcast at this early stage. All digital programming provided by an existing AM or FM radio licensee is required to be a simulcast of the associated analog service, with the exception of up to 14 hours per week of separate programming.

Diversity of services

Most governments share the view that diversity of services is an important objective of broadcasting policy. In many countries that have adopted the Eureka system, such as the  United Kingdom and France, multiplex licences are allocated by a ‘beauty contest’ method, which, among other things, requires an applicant to demonstrate that the range of services to be provided will appeal to a variety of tastes and interests. In the United States, where the adoption of the IBOC system for incumbent broadcasters mirrors in digital the diversity of services currently provided in analog, there is no specific diversity requirement.

The introduction of digital radio services provides the opportunity for the delivery of a range of new services. In the United Kingdom, many of these new services are being provided by the incumbent broadcasters in addition to the simulcast of their analog services, particularly the national broadcasters. A number of these new services are also being provided by new players. Across Europe, these new services are being viewed as the key to driving consumer interest in digital radio. In the United States, the introduction of satellite digital radio services by new players providing a broader range of services may have been a factor in encouraging existing broadcasters to develop the IBOC system. However, the Canadian regulatory framework provides access to multiplex capacity primarily on the basis of the geographical coverage of existing broadcasters, and does not give the same emphasis to new services.

Industry structure

The role of the multiplex operator under the Eureka system has the potential to change significantly the structure of the industry and provide an opportunity for new entrants. 

· The United Kingdom regulations also recognise the potential market power of a multiplex operator and require multiplex licensees to demonstrate ‘fairness’ in negotiating access to transmission capacity. The United Kingdom regulations also limit the ownership of multiplex licences in a given geographical area.

· Similarly, the Canadian government considers that the owners of digital radio transmitters have a clear obligation to provide fair and equitable access to their facilities. Consequently, an owner of a digital radio transmitter facility must provide access to the transmission facilities to another licensed program service provider, should the necessary capacity be available. Access to a digital radio transmitter must be on terms that are fair, equitable, non-discriminatory, and should be guaranteed to all licensed broadcasters. 

On the other hand, the adoption of the IBOC technology would maintain the role of the incumbent operators. 
Satellite-provided digital radio business models are generally based on a single operator owning and operating the infrastructure, providing a mixture of in-house programming and content acquired from third party suppliers. Again, this would describe a substantially different industry structure to the current analog radio environment.

DRIVERS FOR CONSUMER TAKE UP
Most digital radio systems are promoted as providing improved reception, better audio quality, and a broader range of services including through program associated text and images, additional data services, and the offer of subscription services. 

During the late 1990s, superior audio quality was broadly expected to be the key driver of consumer interest in digital radio. However, more recent consumer survey data, and the experiences of a number of digital radio development agencies, have highlighted a range of factors. The key drivers appear to be the availability of services that are unique to digital systems, audio quality, and the price of receivers.

Unique-to-digital services

A significant factor appears to be the availability of new and niche audio services, beyond those currently available on analog radio. A number of European studies conducted in recent years have suggested that the provision of a small number of new and exclusive digital radio channels may be a basic requirement for a successful rollout of digital radio. 

This view is supported by a recent survey conducted by the DRDB in the United Kingdom, which found that 80 per cent of consumers who purchased digital radios did so to listen to the new digital-only services launched by both the BBC and the commercial sector.

Audio quality

Digital transmission potentially provides for more robust reception than analog transmission, resulting in less noise, signal fade and interference. Digital transmission also provides the potential for the transmission of audio at bit rates equivalent to or better than CD quality.

The particular audio compression standard employed and the bit rate allocated to a particular service largely determine the perceived audio quality. Generally speaking, a higher bit rate provides better audio quality, but a lower bit rate allows for more services to be accommodated in a given amount of spectrum. 

The audio coding system employed in DRM achieves better quality for a given bit rate than the coding system of Eureka. However, the Eureka system has reached a commercial roll-out phase and it seems unlikely that a more efficient coding system can be incorporated into currently available Eureka receivers. It could be incorporated into future generations of Eureka receivers at a premium price. 

Where the Eureka system has been adopted, a number of countries have regulated minimum bit rates for music and speech services respectively.

· In the United Kingdom, the Radio Authority (now Ofcom) has mandated minimum bit rates for services; at 128 kbits/s for music stations and 64 kbits/s for speech stations. The Radio Authority expected that these minimum rates will be lowered over time due to anticipated improvements in audio coding technology.

· This is likely to be a contentious issue, however, as the BBC’s reduction in the bit rates of its Radio 1, 2 and 4 services from 192 to 128 kbits/s was criticised by some as resulting in a perceptible reduction in audio quality.

· Narrowband technologies, such as DRM, do not accommodate as high a data rate, as wideband technologies.

Price of digital radio receivers

The price of digital radio receivers is a key challenge for the rapid consumer take-up of digital radio. However, a recent consumer survey in the United Kingdom rated the price of digital receivers as a less important factor in consumer take-up than new services, audio quality, and improved reception. 
The introduction of a £99 digital radio receiver in December 2002 almost doubled the numbers of digital radio receivers in the United Kingdom in less than a month. Receiver prices in the United Kingdom are now as low as £69. The DRDB has been working with manufacturers to increase the range and reduce the prices of receivers.

Another strategy being employed to address the issue of receiver price is to use alliances with automobile manufacturers to install digital radio receivers in new vehicles. For consumers, the psychological threshold for buying a relatively expensive digital radio receiver is much lower if the price is built into the cost of a new car. Both subscription satellite radio providers in the United States, XM and Sirius, have vigorously pursued this strategy, striking exclusive installation deals with GM, Ford and BMW among others. 
INDUSTRY APPROACHES
Digital radio provides the radio industry with the opportunity to attract new listeners by offering improved reception, better audio quality, and a broader range of services. It also offers the commercial radio industry the opportunity to develop new revenue streams including better advertising and sponsorship opportunities through program associated text and images, additional data services and the offer of subscription services.

At this stage, it appears that terrestrial and satellite digital radio services are pursuing substantially different business models.

Terrestrial systems

The business model for terrestrial broadcasters to date appears to mirror the current 
free-to-air, advertiser sponsored model employed by the analog radio industry. While the Eureka and IBOC systems can support the delivery of ‘on demand’ and subscription services, these business models have not yet been tested with these technologies.

· The non-proprietary Eureka system commonly provides for a number of new and 
unique-to-digital services in addition to the simulcast of existing analog services. While a number of audio services also provide additional program-associated data streams, there are currently only a few data services being offered, with the majority being news and traffic information services.

· The proprietary IBOC system delivers a narrow-band digital simulcast service alongside the transmission of an existing analog AM or FM radio service, with the possible eventual phasing out of the analog service to provide more bandwidth for a higher quality digital-only service. This system is essentially designed to provide for the conversion of existing broadcasters.

However, in a recent presentation to a United States broadcasters forum on the use of the IBOC system for auxiliary services, United States industry association, NPR, outlined a timeframe for future generations of the IBOC system including the introduction of ‘on demand’ data services by 2004, and subscription services by 2006.

Satellite systems

There are currently three main providers of direct to consumer satellite digital radio; XM Satellite Radio, Sirius Satellite Radio, and WorldSpace. Both the XM and Sirius services are available in the United States by subscription only, while WorldSpace delivers free-to-air and subscription services across Africa, Europe and Asia. All three systems require consumers to purchase proprietary receivers, although Sirius is also available to subscribers via the internet.

· XM delivers 101 digital radio channels including 70 music channels and 31 channels of news, sports, talk, comedy, children's and entertainment programming. XM is available for a subscription fee of US$10 per month, but expects to generate between 20 and 50 per cent of revenue through advertising. Around half of XM’s music channels carry advertising. XM also offers a real-time graphical weather service for aviation, marine and emergency services customers, and has plans to provide in-flight radio entertainment in the United States next year. 

· Sirius programming is very similar to that offered by XM with 60 music channels and more than 40 channels of news, sports, and entertainment programming, but is largely free of advertising. Sirius sees its main value proposition as niche targeted, commercial free programming and charges a subscription fee of US$13 per month. Sirius currently has no plans to provide data services.

· WorldSpace operates two satellites servicing Africa, parts of Europe, the Middle East and Asia. WorldSpace plans to use a third satellite to provide services directly into European markets. The original business model for WorldSpace appeared to be a free-to-air radio service, supported by advertising revenue, government funded free-to-air services, the leasing of transmission capacity, and the provision of subscription data services. However, it now provides some of its radio services for an annual subscription of £60.

Receiver alliances

A major role for digital radio broadcasters, or their representative organisations, is to foster strategic alliances with receiver manufacturers and automobile manufacturers to ensure the availability of a broad range of consumer receivers.

In the United Kingdom, the focus appears to have been on the development of the kitchen radio and hi-fi receiver market. There are still a limited number of in-car systems available. However, this began to change in late 2003 with in-car systems available at under £200 and car manufacturers beginning to offer Eureka digital radio as an option in new cars. 

iBiquity has formed alliances with a number of in-car receiver manufacturers including Alpine, Blaupunkt, Clarion, Delphi, Harman Kardon, JVC, Kenwood, Mitsubishi, and Panasonic. iBiquity has also formed an alliance with Ford for installation of IBOC receivers in new vehicles in return for an equity position in iBiquity. 
Both XM and Sirius have a wide variety of receivers available on the market, especially in the car receiver range.

SECTION 2:  IMPLICATIONS FOR AUSTRALIA
There appears to be a broad consensus around the world that, as with most other media, digitisation is likely to play an increasingly important role in the future of the radio industry. The recent commencement of VHF Band III trials in Sydney and Melbourne suggests a renewed interest by the radio industry in exploring the opportunities presented by digital radio.

For listeners, digital radio holds the promise of improved reception and better audio quality, and digital transmission systems have the potential to provide a more diverse range of enhanced radio services than is possible in analog. Digital radio also promises benefits for the commercial radio industry including better advertising and sponsorship opportunities through program associated text and images, additional data services, and the offer of subscription services.

Other public benefits of digital radio include the potential of the technology to deliver on a number of the Government’s broadcasting policy objectives. The technology has the potential to promote diversity, enhance broadcasting industry competitiveness, and encourage the provision of innovative content that is responsive to audience needs. It may also provide in the longer term for more efficient and cost effective provision of ABC and SBS services as well as an opportunity to serve a wider range of audiences.

For example, the Special Broadcasting Services Act 1991 sets out the Charter of the SBS, which requires it to provide multilingual and multicultural radio services to Australians, in their preferred languages, and to contribute to the diversity and range of Australian radio services. The SBS currently provides programming in 68 languages in one hour blocks via two analog radio frequencies in Sydney and Melbourne, and one frequency in other areas. Digital radio could provide the opportunity to offer between 4 and 8 mono, voice‑only Eureka services in the same capacity used by a high quality, stereo music service. This would allow expansion of multilingual radio services targeting particular audiences.

In preparing a framework for the introduction of digital services in Australia, however, there are a number of threshold issues that must be carefully considered. Decisions on these issues will impact on the range of options available. For example, the selection of a particular technology will determine the spectrum which should be made available for optimum effectiveness or indeed whether additional spectrum is needed at all. A decision about selection of a particular digital radio technology would have significant flow on effects for other decisions on policy and regulatory frameworks, and some policy options may no longer be possible.

This section of the report examines a range of options and the implications of a number of threshold issues in the Australian context, based on the Study Group’s examination of experiences with digital radio in other countries. It is not intended to be an exhaustive discussion of the range of policy issues and options, but canvasses the key implications of some of the more likely or common options. The discussion covers the following threshold issues:

· Broadcasting policy and digital radio—to what extent should the Government’s broader broadcasting policy objectives apply to digital radio?

· Timing of introducing digital services—when would be an appropriate time for Australia to take decisions on the introduction of digital radio services?

· Approaches to implementation—drawing on off shore experiences, how should the Australian Government approach implementation?

· Technology choice and spectrum use—what are the available options for Australia?

This section also discusses a number of the key issues in relation to Australia’s broadcasting regulatory framework in introducing the Eureka digital radio technology. 

BROADCASTING POLICY AND DIGITAL RADIO
The outcomes the Government wishes to achieve in the regulation of Australia’s broadcasting sector are set out in section 3 of the Broadcasting Services Act 1992 (BSA). These outcomes include developing and reflecting a sense of Australian identity, character and cultural diversity, providing appropriate coverage of matters of local significance, and the provision of high quality and innovative content.

Section 4 of the BSA provides that different levels of regulatory control be applied across the range of broadcasting services according to the degree of influence those services are able to exert in shaping community views in Australia.

Analog radio is the most ubiquitous of the media, with receivers likely to be found in every home, car and workplace in the country. Australians typically spend large amounts of time listening to radio and consequently, in accordance with section 4, the analog radio sector is highly regulated.

However, a threshold question for Government in facilitating the introduction of digital radio services would be the degree to which the Government’s policy and regulatory framework for analog radio should apply to digital radio.

There are two key aspects that will influence the answer to this question. The first is the degree of influence of those digital radio services, and therefore the degree to which it would be in the public interest to seek the achievement of the objects in section 3 of the BSA in the digital environment. The second is the degree to which digital radio services have the potential to impact on the continued operation of analog radio services, and therefore the degree to which digital services may affect the current achievement of the Government’s broadcasting policy objectives overall.

Degree of influence

Experience in the United Kingdom market, which is considered to be at the forefront in terrestrial digital radio, suggests that consumer take-up of digital radio receivers will be slow. While the BBC commenced digital radio services in 1995 and commercial operator Digital One commenced broadcasts in 1999, it is only in the last year that penetration has started to increase, with digital radio sets in 435,000 UK homes at the end of 2003. By way of comparison, it is estimated that there are currently around 106 million analog radio receivers in the United Kingdom.

While there are a number of factors that impact on take-up rates, it is likely that, for some number of years after the commencement of digital radio services in Australia, the size of the listening audience, and consequently the influence of those services, would be relatively low.

Impact on analog radio services

A number of the possible digital radio technologies have the potential to provide services that closely replicate the key characteristics of analog radio. These characteristics include terrestrial delivery, ubiquitous mobile coverage, localised audio based content of general appeal, and free-to-air availability via common reception equipment. To the extent that a digital radio service may be indistinguishable to listeners from an analog radio service, the digital service may have a significant impact on the audiences for existing analog radio services, and in turn on the achievement of the Government’s broadcasting policy objectives. Therefore it may be in the public interest to ensure that the digital radio platform is regulated so as to promote the relevant objects of the BSA.

Of course, this does not necessarily imply that digital radio need be regulated in the same way as analog radio. In fact, a number of the key features of some digital radio technologies could make it very difficult to apply the existing analog radio regulatory framework to digital radio. This was recognised by the Canadian Radio-television and Telecommunications Commission which, when reviewing Canada’s radio policy framework in 1997 stated that, while the policy principles applying to analog radio should still be applicable to the digital environment, the mechanisms used to achieve those goals may need to change.

On the other hand, a number of the potential digital technologies (such as radio services delivered by pay television providers) are not capable of replicating most of the characteristics of analog radio. To the extent that a digital radio service could not replicate the essential characteristics of analog radio, it may not be necessary or desirable to regulate those services in pursuit of those objects of the BSA addressed by analog radio planning and regulation.

An example of this would be the delivery of digital radio services via the Internet which, while capable of providing a ‘sound alike’ radio service, cannot currently replicate analog radio’s ubiquitous mobile coverage or ‘localised’ content. To clarify the treatment of Internet radio services, in September 2000, the then Minister for Communications, Information Technology and the Arts made a determination that a service that provides television or radio programs using the Internet (other than a service that uses the broadcasting services bands) does not fall within the definition of a broadcasting service.

The current licence area planning regime for analog radio determines, among other things, the number and categories of service to be delivered in each licence area, having regard to the size and nature of the communities encompassed by the licence area. The ability or otherwise of different technologies to replicate the current licence area approach will have implications for the way in which the objects of the BSA can be addressed. In this regard, it would appear that terrestrial digital technologies would be more likely to be able to replicate, to at least some degree, the existing licence area system, if it was decided that it was either necessary or desirable to do so.

It is also worth noting that the introduction of narrowband services such as IBOC and DRM, could probably be accommodated under Australia’s current broadcast planning and licensing regime. As a simulcast of existing analog services on current spectrum allocations and with minimal data capacity, IBOC would potentially have few implications for the current planning and licensing system. DRM is essentially a superior alternative to short wave or MF‑AM radio and, depending on the implementation model, could be classified as an open narrowcasting service. The relatively small scope for planning new DRM services without switching off MF‑AM services limits implementation options. 

Satellite services

There are three ways in which digital radio services could be provided by satellite in Australia.

· First, the services could be delivered through a nation-wide coverage satellite service direct to consumer receivers, in a fashion similar to the delivery of the WorldSpace services.

· Second, the direct satellite service could be supported by terrestrial repeaters in locations of poor satellite reception (such as in tunnels, valleys, and in built up metropolitan areas), similar to the XM and Sirius services in the United States. This arrangement would also deliver the same program services, nation-wide.

· A third method would be to use a network of terrestrial repeaters to retransmit the satellite service, but also use those repeaters to insert localised programming and advertising. 
In considering the introduction of Satellite Digital Audio Radio Services (SDARS) in the United States, the Federal Communications Commission (FCC) considered the impact of the SDARS providers on the existing terrestrial analog radio system. The FCC imposed a licence condition on SDARS to ensure it did not use terrestrial repeaters to deliver local programming. In this way, it would not adversely affect terrestrial radio’s advertising revenue as, being unable to deliver localised services, it would mainly attract national advertising revenue. The FCC also concluded that, in any case, it was unlikely that SDARS would greatly affect listening audiences of terrestrial radio as it was expected to grow slowly over many decades.

Similarly, in Australia, it would be likely that a service being provided via satellite direct to consumers would be considered to have a minimal impact on the existing terrestrial analog radio system, provided it did not directly compete with localised terrestrial services. Satellite services would require specialist reception equipment, would be unlikely to provide localised content, and may even be fully or partly subscription based, such as SDARS in the United States or WorldSpace in Africa and Asia. As in the United States, the potential for impact on the existing analog system could be minimised by imposing licence conditions to ensure the service did not compete with localised terrestrial services.

Overseas experience is that direct-to-consumer satellite delivered digital radio services have tended to be composed of a suite of closely targeted, niche services rather than a smaller selection of broad appeal services. The service offerings of XM and Sirius in the United States highlight the likely difference between satellite and terrestrial service types.

It is possible that satellite delivered radio services may be considered to be more akin to narrowcasting services than commercial broadcasting services, particularly those provided on a subscription basis, and could be considered to be of less influence, and therefore warranting less stringent regulation, than mainstream broadcasting services.

The United States experience suggests that minimal changes would be required to the current regulatory and licensing framework to provide for the introduction of such services in Australia. Provided that satellite delivered services were delivered in such a way as to not directly compete with terrestrially delivered, localised radio services, there may be few issues for Government consideration beyond interference management and spectrum allocation. However, since the spectrum required for these services may also be required for terrestrial digital radio services, the issue of competing demand for spectrum would require resolution by Government.

TIMING OF INTRODUCING TERRESTRIAL, FREE-TO-AIR DIGITAL RADIO 
Consumers in over 30 countries across Europe, Asia and North America are currently receiving digital radio services, and have been for some years. A number of other countries are currently considering trials of digital radio technologies.

Two groups are conducting trials of the Eureka technology in Sydney (VHF and L‑Band) and Melbourne (VHF only). A range of commercial, national and other radio broadcasters are involved in those trials, demonstrating the strength of the Australian industry’s interest in digital radio.

However, while it may be possible to use the existing broadcast and spectrum licensing frameworks to licence certain digital radio services, it may be desirable to provide for a digital radio specific licensing regime for the delivery of digital radio services prior to their introduction. There would be a need to identify and make spectrum available for such services, and service providers would need to be identified who were willing and able to acquire the spectrum and roll out the infrastructure. In addition, the Government would need to give consideration to options for the participation of national broadcasters in digital radio.

A threshold question would be to determine the timing of the introduction of digital radio services, and of the development of the policy and regulatory framework for such services. 

Move now 

The main argument in support of the ‘move now’ proposition, is to bring forward the public benefits of digital radio. Consumers in a significant number of countries around the world are currently benefiting from the availability of digital radio services. Initial services could be introduced under a minimal regulation regime provided early investors understood that there would be the possibility that the regulatory environment could change over time. 

The early development of a comprehensive policy on the introduction of digital radio, and the long-term regulatory framework for services, would provide a measure of certainty for the industry. This certainty could support further investment in trials, and encourage the rapid development of consumer focused business models, thereby supporting the early introduction of full digital radio services. Equally, early decisions about technology choices would facilitate the early availability of receivers in Australia.

A decision to implement terrestrial digital radio services in the short term would need to consider factors such as the stability and reliability of the established technologies and the availability of receivers manufactured in sufficient volume to be offered on the Australian market at an accessible price for the majority of potential listeners. Under these criteria, the most appropriate terrestrial digital radio choice at this point in time would appear to be Eureka.

Wait and see 

As previously noted, no country has yet clearly demonstrated a commercially viable implementation of terrestrial free-to-air digital radio services. It is not yet clear what the nature of the successful business model will be for digital radio, whichever technology is chosen. Digital radio may eventually replace analog radio, or it may supplement continuing analog radio services. International experience suggests that analog shutdown is a long-term prospect at best. Digital radio may ultimately rely more on data transmission than advertising, which traditionally formed the bulk of the revenue for analog radio services.

Greater understanding of the most likely business models for digital radio would be an important factor in developing the most appropriate policy settings and regulatory frameworks for the provision of digital radio services. 
One argument in support of the ‘wait and see’ approach is the current status of the industry trials being conducted in Sydney and Melbourne. These trials should provide more information on the most likely business models for digital radio in Australia, and the most appropriate technology and spectrum solutions for Australian conditions. However, awaiting the outcome and findings of these current trials would not preclude further work on policy and regulatory options.

While Eureka technology seems well in advance of any of the alternative terrestrial solutions, a wait and see approach would provide further opportunity to examine developments overseas before committing to a technology. Under a wait and see approach, the issues that would be monitored in the interests of selecting a more appropriate time to move on digital radio would include consumer interest (which tends to be closely tied to availability), industry commitment, and the development of successful business models offshore. 

TECHNOLOGY CHOICE
The identification of an agreed standard for digital radio transmission and reception equipment would be an essential starting point for planning for the introduction of digital radio services as it would provide certainty for investors, allow for the planning of services and the allocation of appropriate spectrum by the relevant authority, and would support the development of an efficient receiver market.

There is a range of technologies currently, or soon to become, available for the delivery of digital radio services. These technologies have different capabilities and spectrum requirements, and are at differing levels of maturity. The availability of suitable spectrum also needs to be considered in this context (the issue of spectrum availability is discussed in the section on spectrum use—see page 34). Planning and allocation decisions which determine available spectrum frequencies, numbers of bands and band widths will impact differentially on the various digital radio technologies.

As previously noted, if a decision were taken to move now on terrestrial digital radio, the only realistic option for Australia would be the Eureka technology, which is mature and has significant numbers and types of consumer receivers available. A small market such as Australia needs to be mindful of the economies of scale in the production of receiver and transmitter equipment as most radio receivers are imported. It would be important for Australia to adopt a digital radio system that was being successfully deployed in other major markets.

Given the number of countries which have adopted the Eureka technology (with the notable exceptions of the United States and Japan), and the broad support for Eureka expressed to date by the Australian industry, it would be a relatively low risk strategy to select the Eureka technology for Australia. This position would, however, ideally be taken with the full support of broadcasters.

However, it is not yet clear that Eureka is the most technically appropriate digital radio technology for Australia. The emerging ISDB-TSB system, and recent developments in DRM and DVB-H, show promise. The IBOC technology proposed for use in the United States may yet emerge as a serious competitor to off-band systems. The recent alliance formed between the Eureka and DRM consortiums may provide a suitable solution to Australia’s unique regional coverage issues, although the selection of the Eureka technology would not rule out adoption of a hybrid Eureka/DRM system at a later time.

In addition, as discussed more fully later, Eureka would involve the adoption of a multiplex model of service provision, which would have significant implications for the current regulatory framework for radio.

The trials that are currently underway in Sydney and Melbourne should provide valuable information about the operation of the Eureka system in Australia in both the VHF Band III and L-Band, and the likely business models that may emerge.

In addition, Eureka has yet to demonstrate that it has a winning consumer proposition. Take up of Eureka receivers overseas, while growing, remains small. It remains unclear whether Eureka’s role is that of a supplementary radio service, or whether it will replace analog radio over time.

APPROACH TO IMPLEMENTATION
Examination of the implementation of digital radio internationally reveals a range of approaches taken by national governments. These approaches reflect a number of policy drivers, many of which are specific to each particular country, such as the structure of the broadcasting market, technical or spectrum constraints, and a particular government’s perspective on the role of digital radio.

For example, in the United Kingdom, the significant role being played in digital radio by the BBC may be an extension of its important role in the analog market, where its range of services attracts more than 50 per cent of the listening audience. In the United States, the lack of availability of suitable spectrum for the Eureka system is cited as one of the main reasons for the development of the in-band system, IBOC.

A government’s perspective on the role of digital radio may also lead to a particular approach to implementation. For example, a government that sees digital radio as a replacement for analog radio over the short to medium term may consider it necessary to set a date for the conversion of all analog broadcasters, and require the achievement of certain roll-out or coverage targets. On the other hand, a government that sees digital radio as a supplement to analog services may encourage the delivery of new services, rather than the simulcast of existing analog services.

The approach taken to the introduction of digital radio services does not necessarily represent the long-term regulatory framework. The Canadian implementation process established an initial transitional period, after which a review would consider all of the long-term policy aspects of digital radio broadcasting. 
The various elements, rules, and licence conditions being employed as components of the implementation framework may vary. However, for the purposes of this discussion, the approaches to implementation can broadly be grouped into three main categories: Full Conversion, a Market-Based approach, or a Managed Introduction.

Full Conversion 

A Full Conversion approach would seek to transition all incumbent broadcasters by replicating the existing analog radio services in digital, with a view to switching-off the analog service at some point linked to the take-up of digital receivers. This approach would be based on an assumption that digital radio was primarily a replacement technology for analog radio and would presumably involve the hand back of analog spectrum after the designated switching-off date. 

Australia’s digital television system was implemented under a Full Conversion approach including simulcasting requirements, service roll out undertakings, loan of new spectrum with eventual hand back at switch-off, moratorium on new entrants and certain content restrictions. The television broadcasters’ commitment to a single technology, a roll out schedule and simulcasting minimised the potential disruption for viewers. Other aspects of the implementation were designed to provide certainty to industry during the transition. It was widely accepted both in Australia and elsewhere that digital television was a replacement and not a supplementary technology. In addition to the public benefits of new and improved television services, a major benefit arising from digital television conversion is the spectrum efficiency gains (which become most evident with the spectrum hand back accompanying analog switch-off). 
Given the much larger number of operators and wider variety of service categories offered by analog radio and the very large numbers of low cost radio receivers, the time scale and prospects for the total replacement of analog services by digital services is much less clear for radio than television. In addition, spectrum efficiency gains are not anticipated to be a major benefit as existing radio services occupy a much smaller amount of spectrum than television. Nor is it clear what the alternative uses might be for MF‑AM and VHF Band II ‑ FM radio spectrum if it were to become available.

Adoption of a Full Conversion approach, commencing digital radio services in Australia under a comprehensive and long-term focussed regulatory framework including start up requirements, a simulcast period and a target switch off date, would provide certainty for the industry, infrastructure providers, investors and consumers. Such an approach would be least likely to conflict with previous ABA planning processes which have given rise to the current distribution of commercial, narrowcasting and community licences and national broadcasting services. In its consideration of the number and types of services to be made available in any licence area the ABA is required to promote the objects of the BSA. These objects include, for example, promoting the availability of a diverse range of services, high quality and innovative programming and an efficient, competitive industry responsive to audience needs. 
However, it is unclear whether there is sufficient spectrum currently available to allow for the simulcast of all incumbent radio services to occur in the short term. A Full Conversion model might therefore imply a necessary delay in implementation until additional spectrum becomes available from the hand back of VHF/UHF spectrum by television broadcasters. It is also unclear that all incumbent broadcasters would be willing or able to commit to digital broadcasting in the short to medium term as it could involve significant additional costs.

At this stage the extent to which digital radio could deliver new audiences to radio broadcasters is uncertain. There is uncertainty about the scope or potential size of new revenue sources potentially arising from new and enhanced services. Digital radio may be able to attract a greater share of overall advertising revenue. At the same time digitisation may be necessary to protect radio’s share of revenue from increased competition from digital television or from new media forms, such as the Internet. 

A key issue in a Full Conversion model would be whether to restrict the process only to conversion of incumbents (at least in the medium term) or whether to allow the entry of digital-only new players in addition to conversion of existing players. A related question is whether incumbents should be allowed to provide new services, or whether they should be restricted (at least for a period) to providing only a simulcast of their analog services.

International experience suggests that new and different services could be a key to early take-up of digital technology, suggesting that a successful Full Conversion model would benefit from being able to offer something new and different from analog radio. 
A conversion-only approach would provide certainty to incumbents, some of whom have made significant commercial investments in their analog licences based on assessments of the market structure at the time. On the other hand, exposure of incumbents to competition could provide them with the incentive to invest in new innovative infrastructure and services, as well as benefiting consumers. Availability of spectrum would also affect decisions about whether or not new players should be allowed. 

Market-Based approach

Under a Market-Based approach to implementing digital radio, there would be only minimal regulation applied to services, primarily in areas such as taste and decency and other content-related requirements, spectrum allocation and interference management. This approach could provide for the separation of the regulation of content and carriage.

Essentially, the spectrum would be made available, probably by auction, and there would be no requirements to deliver a particular type of service. However, while a pure Market-Based approach would not require any long-term commitment by Government to any particular technology, the type of spectrum made available by Government would inevitably influence the technology choice. 

Commencing digital radio services in Australia with a minimum initial level of regulatory control would reflect the anticipated relatively low influence of these services in the early stage. Such an approach would provide scope for the market to determine the direction of the development of digital radio services, either as a replacement for analog services, as a supplement to analog radio services, or as an altogether different data distribution platform. It would also provide the maximum opportunity for new entrants, the possibility of subscription services, and the development of innovative data services.

Consideration would need to be given to the role of non-commercial operators under this model as they would not be well placed to bid for spectrum and, in the case of the national broadcasters, would probably require additional funding from Government and/or the separate allocation of spectrum.

In addition a Market-Based approach may not be considered by the existing industry to provide the certainty that would support significant investment in commencing digital services. Such an approach may be more appropriate where digital radio is viewed as a supplement to analog radio rather than a replacement. To date, there are no examples overseas of the adoption of a purely Market-Based approach to the introduction of free-to-air digital radio services. Digital radio proposals in other countries have typically begun with free or subsidised access to spectrum, in return for requirements to achieve certain broadcasting policy objectives.

Further, in the event that digital radio services provided under such a framework were to become popular and widespread over time and as a result more influential among consumers, equity and public interest issues could arise given potential differences in the regulation of the new digital services compared to existing analog radio services. It may be difficult to retrospectively apply regulations to new and successful radio services.

Managed Introduction
A Managed Introduction approach would seek to combine elements of both the Full Conversion and Market-Based approaches. Priority access to the limited digital capacity could be provided for incumbent analog broadcasters on a voluntary basis, while also making provision for new services and the development of innovative data services. 

This model could allow the use of a price mechanism to determine the access of incumbent commercial broadcasters by requiring them to bid for the right to early access to the initially limited amount of spectrum or choosing to wait until more spectrum is identified (following analog television closure). Spectrum could also be made available for a limited number of national and other services.

A Managed Introduction approach could follow other paths to stage the introduction of services by incumbents and new entrants. The Government could indicate an intention to allow for all incumbent radio broadcasters to move to digital broadcasting as take-up progresses and spectrum becomes available, so that if it becomes clear that digital radio will in fact replace analog radio, no incumbent broadcaster would be left behind. Equally, the Government could provide for the introduction of a number of new players and services over time. As the listening audience for digital radio is likely to be very small in the first few years, it may not be necessary to plan to convert all incumbent broadcasters to digital immediately or over a short period. Moreover, if there was an immediate high demand for digital spectrum from incumbent broadcasters there may be little remaining spectrum capacity for new entrants in the short term. 

Services could be introduced progressively as more spectrum became available following VHF and UHF spectrum hand back from commercial television. Consideration would need to be given, however, to the most appropriate nature and mix of those initial services, and to any performance or other requirements that may be imposed in return for priority access to digital transmission capacity. Reliance on spectrum hand back from digital television conversion creates an inherent uncertainty about the likely timing of increased spectrum availability. 
The start-up phase could be structured so as not to limit any future options. Digitisation could be voluntary and not require or prevent the delivery of any particular types of services, thereby providing maximum flexibility for experimentation by broadcasters.

An initial start-up stage could be relatively lightly regulated in order to provide flexibility in the development of new services, priority access to capacity for incumbent broadcasters, and a mechanism for providing capacity for new entrants. At the same time, the Government could signal its intentions for the long-term regulation of digital radio services, in order to provide the necessary certainty for industry and confidence for consumers. 
As with the Market-Based model, implementation under a Managed Introduction of digital services would need to give careful consideration to implications of the new services for the relevant objects of the BSA. These objects include the availability of a diverse range of services throughout Australia and an efficient competitive industry responsive to audience and user needs. They are in part expressed or achieved by the current allocation of analog licences and set out in the various Licence Area Plans.

Similar to the Canadian and United Kingdom approaches, however, the status and influence of digital radio services could be reviewed at some later time. This review, in consultation with the industry and consumers, could then be used to develop a more comprehensive approach to the long-term regulation of digital radio. The review would be able to consider such issues as coverage, analog switch-off, service types and other ‘conversion’ issues on the basis of greater experience gained in Australia and overseas.

A Managed Introduction approach would provide scope for digital radio to develop as either a replacement for analog radio, or as some type of supplementary service. The success of a Managed Introduction approach for digital radio would depend critically on the nature and timing of Government interventions. There are a wide range of possibilities in terms of which incumbents are converted and when, how many new services are introduced and when, technology and spectrum choices, and the extent of regulation applied. A clear strategy and timetable would need to be developed to provide consumer and industry certainty, as decisions may be difficult to undo once in place.

Spectrum use

The following table demonstrates the range of bands and channel widths used by the various technologies. 

	Spectrum use by technology



	Technology
	Service requirements
	Preferred band



	Eureka 147
	Wideband - multiplexed

1.5 MHz channel per ensemble
	VHF Band III, 

L-Band 

	DRM
	Narrowband

9-18 kHz per channel
	MF, HF

	IBOC

- AM

- FM
	Narrowband

20 kHz per channel

200 kHz per channel
	MF

VHF Band II

	ISDB-TSB
	Wideband - multiplexed

0.4 or 1.3 MHz per channel
	VHF Bands II and III,

UHF

	DVB-T
	Wideband – multiplexed

7 MHz per channel
	VHF Band III, UHF

	WorldSpace Satellite
	Wideband – multiplexed

6 MHz Satellite/ 6 MHz Terrestrial
	L-Band 

	US SDARS
	Wideband – multiplexed

12.5 MHz
	S-Band


The different digital radio technologies are designed to utilise different spectrum bands in order to achieve particular performance outcomes. For example, the IBOC system is specifically designed to provide digital broadcasting capability within the incumbent broadcasters existing spectrum allocation, and consequently uses the MF‑AM and VHF Band II ‑ FM broadcast spectrum. DRM is designed to provide very wide area coverage digital services, and is consequently designed to utilise the spectrum already allocated for wide coverage services in the MF‑AM and HF bands.

Spectrum availability

It is clear that technology choice and spectrum allocation are closely linked and that spectrum availability is a key element of technology choice. In Australia’s case, for example, the S‑Band is not currently available for use by satellite broadcasting systems such as the United States SDARS system. To implement such a system in Australia would require use of a different band, which may require costly modification of receivers.

While most other digital radio bands would be nominally available for digital radio broadcasting, most are already being utilised by other services. A key consideration for Government would be whether, and if so to what extent, spectrum would need to be cleared to facilitate introduction of digital radio services. Incumbent radiocommunication licensees have investments (usually long-term), and often businesses, built upon access to particular portions of the spectrum. Requiring licensees to vacate spectrum, without sufficient lead time, would impose considerable disruption and costs. Some of these services also facilitate the achievement of other Government objectives such as the provision of communications services to regional areas.

The Government’s broad approach to digital radio would also impact on spectrum allocation. Decisions on the conversion of incumbent broadcasters, the role of new players, the delivery of data services, minimum audio quality (bit rate per service), and issues of coverage and roll-out would all significantly impact on the spectrum requirements for implementation.

A Full Conversion approach would require the availability of sufficient spectrum to accommodate all incumbent broadcasters in digital from commencement. This is of particular relevance in major markets such as Sydney and Melbourne and may require clearing other spectrum users from the required band to ensure sufficient availability. Given the limited spectrum currently available in Sydney in particular, Full Conversion may only be able to proceed in the short-term under a hybrid model with VHF supplemented by L-Band. On the other hand, a Market-Based approach may only provide access to the currently available spectrum, with future allocations as spectrum became available (such as from the eventual hand back of analog television spectrum which is currently required over the period end 2008 to end 2011). 

A Managed Introduction could combine these approaches by allocating currently available spectrum to early adopters, while making further spectrum available over time according to a managed schedule. This process could accommodate the lead times required by other users who may be required to vacate particular spectrum. 
A decision to move now on digital radio, as discussed earlier, would most likely involve the implementation of the Eureka technology. Eureka is being implemented in various countries in VHF Band III (174–240 MHz) and L-Band (1452–1492 MHz). It is noted however that the potential to use the 230–240 MHz range is limited in many countries, including Australia, by Defence use. Accordingly, receivers are available that can receive both bands. At present, there are some receivers, particularly in the UK market, that can only receive VHF Band III, however, the trend appears to be for the introduction of more dual band receivers as the European market gains momentum.

VHF Band III (174–230 MHz)

At this time it appears that VHF Band III is the preferred spectrum for delivery of Eureka services due to expected lower infrastructure costs, superior propagation and, apparently, better in-building penetration compared to L-Band. 
In Australia, VHF Band III is extensively used in metropolitan and regional areas for both analog and digital television services. In the five metropolitan markets of Adelaide, Brisbane, Melbourne, Perth and Sydney there are three analog television services (channels 7, 9 and 10) and four digital television services (channels 6, 8, 11 and 12) operating in VHF Band III. A 7 MHz television channel can carry four Eureka ensembles. The six MHz of channel 9A available in metropolitan markets can probably carry three ensembles, subject to managing possible interference to the adjacent analog television channels 9 and 10. Three ensembles could potentially accommodate all existing wide coverage broadcasting services bands licensees in each market in digital, with the possible exception of Sydney and Melbourne, depending on interference management and assumptions regarding service bit rates. The following table shows the numbers of wide coverage and local coverage services in a number of major markets in Australia.

	Market
	Wide coverage services
	Local services

	
	Total Wide Coverage
	Commercial
	Community
	National
	HPON
	Cmcl
	Cmty
	HPON

	
	
	AM
	FM
	Total
	AM
	FM
	Total
	AM
	FM
	Total
	AM
	FM
	Total
	
	
	

	 Adelaide
	20
	2
	4
	6
	1
	5
	6
	3
	3
	6
	2
	0
	2
	0
	5
	1

	 Brisbane
	22
	4
	4
	8
	2
	5
	7
	3
	3
	6
	1
	0
	2
	0
	5
	0

	 Canberra
	17
	2
	2
	4
	1
	5
	6
	3
	3
	6
	1
	0
	1
	0
	2
	2

	 Melbourne
	29
	5
	6
	11
	3
	6
	9
	4
	3
	7
	2
	0
	2
	0
	17
	0

	 Newcastle
	13
	1
	3
	4
	0
	2
	2
	4
	2
	6
	1
	0
	1
	0
	2
	0

	 Perth
	21
	2
	4
	6
	1
	6
	7
	3
	3
	6
	2
	0
	2
	0
	5
	2

	 Sydney
	28
	5
	6
	11
	1
	7
	8
	4
	3
	7
	2
	0
	2
	1
	16
	0

	 Wollongong
	12
	0
	2
	2
	0
	2
	2
	2
	3
	5
	2
	1
	3
	0
	0
	0


There are similarly limited opportunities for the use of VHF Band III in regional areas prior to the switch-off of analog television. 

It is likely that, if all three available Eureka ensembles in channel 9A were used for digital radio in metropolitan areas, then the immediately adjacent regional markets will have no VHF Band III channel capacity for digital radio as channel 9A could not be re-used in these markets without interference problems. On the other hand, if just one ensemble was made available in a given metropolitan area, then one other block could possibly be made available in each of a number of adjacent regional areas. This approach, however, would significantly limit the amount of available capacity for services in all areas. 
For example, it would not appear to be possible to accommodate all existing wide area coverage analog services in each of Newcastle, Sydney and Wollongong if only the six MHz of VHF channel 9A is available across these markets.

Channel availability in VHF is highly dependent on where a service is to be sited, how much power is required, the number of Eureka frequency blocks to be used, and the proximity of existing co- and adjacent channel television services. If serious consideration were given to proceeding with the introduction of Eureka services in VHF Band III, it would be worthwhile to undertake a more detailed examination at an early stage to gain a better understanding of channel availability.

Co-location with VHF digital television transmitters

Introducing digital radio services into the VHF band would raise interference concerns regarding co- and adjacent channel analog and digital television services. To minimise the potential for adjacent channel interference, it would probably be necessary to co-site Eureka services with the adjacent channel television services and to also ensure that the radiation pattern of the Eureka antenna is closely matched to that of the antenna used for the television services. This would result in coverage characteristics more similar to current television transmission than analog radio. This means the coverage areas achieved will not necessarily correspond to existing radio coverage areas.

A key efficiency benefit of the Eureka system is its ability to operate on the basis of a single frequency network (SFN). An SFN makes use of the same frequency block at several transmission sites. An advantage of SFNs is the presence of multiple signals which increases the service availability and the overall service reliability. However, due to the need to co-site with television services it is not considered practical for a VHF Band III Eureka service to operate as part of a SFN. It is not clear that a single high power VHF transmission site can provide adequate coverage to mobile receivers throughout the entire metropolitan area. If in-fill repeaters were needed in metropolitan areas, it is likely that these would need to be implemented in the L-Band to avoid interference to television reception. An important part of the current trials, in Sydney and Melbourne will be an assessment of the coverage on the main transmitter and need for additional repeaters.

L-Band (1452–1492 MHz)

Canada has exclusively allocated the L-Band for Eureka digital radio services. A number of European countries, most notably Germany, are using the L-Band in addition to VHF Band III. The United Kingdom government is also preparing to allocate some additional spectrum in the L-Band for use by ‘general’ Eureka multiplexes (i.e. not restricted to providing digital radio services).

The L-Band has been criticised as having poor in-building penetration performance compared to VHF. However, the performance of L-Band may be significantly improved when used with more recently developed receivers and higher power transmission. Further technical trials may provide further information on the propagation behaviour of the L-Band for digital radio services in Australia. It is worth noting that there is nothing that makes L-Band fundamentally unsuitable for delivery of a ubiquitous, wide coverage area service. GSM1800 and 3G mobile telecommunications services operate in even higher frequency bands. The issue may be ensuring the required number and power of the repeater stations (and , consequently, obtaining access to necessary transmitting sites) to achieve the required coverage and service performance. Clearly industry would prefer to service a community with a single tower rather than many, while the listener may be served equally well by either configuration.

The prospect of digital radio services operating in the L‑Band was foreshadowed in 1992 when the World Administrative Radio Conference (WARC-92) made allocations for terrestrial and satellite digital radio in that frequency range. 

Following from the WARC-92 decisions, access to L-Band spectrum in Australia is currently restricted by the 1.5 GHz Band Plan. Among other things, the Band Plan ‘freezes’ further assignments in the 1452–1492 MHz part of the 1.5 GHz band. A limited flexibility has been allowed to Telstra to upgrade point-to-multipoint services associated with its rural/remote area Digital Radio Concentrator System (DRCS) that provides telephone and limited data services in areas of remote and regional Australia.

There are currently 871 assignments in the 1452–1492 MHz portion of the L-Band, with around 80 per cent of these in regional or remote areas. Telstra holds the majority of these licences, with other licensees including the defence force, mining and utilities companies, and transmission links for some radio and television broadcasters. The density of incumbent licensed radiocommunication services varies across the 1452–1492 MHz band. The frequency range from 1452–1467 MHz is heavily used, while the range 1467–1492 MHz (especially 1467–1489 MHz) is less heavily used and may be less difficult to clear, should that be required.

The extent to which existing licensees would need to be cleared from the L‑Band to accommodate digital radio services would depend on the specific implementation scenario, and would require a detailed technical analysis. However, based on preliminary technical assessments, the disruption to existing licensees is likely to be relatively low if introducing a satellite/terrestrial hybrid system such as the WorldSpace system or a limited number of Eureka L-Band terrestrial transmitters in the 1467–1492 MHz range. On the other hand, a nation-wide roll-out of terrestrial Eureka using the L-Band is likely to require significant clearing in metropolitan and regional areas, depending on location-specific conditions.

One option would be for the L-Band to primarily be considered for use by in-fill Eureka translators, which support a primary delivery system (e.g. VHF-based), rather than the primary multiplex transmitters. 

IMPLICATIONS FOR AUSTRALIA’S REGULATORY FRAMEWORK
Across the world, governments have taken a variety of approaches to the development of regulatory and policy environments for digital radio. As previously discussed, this reflects a range of unique characteristics in each of those countries.

The development of a regulatory framework for digital radio in Australia should similarly reflect Australia’s unique situation. Australia’s geographical isolation affords more flexibility in relation to the use of particular spectrum bands than in Europe and North America. Australia’s sparsely populated regional areas would pose particular problems for achieving ubiquitous coverage of digital radio services. The structure of Australia’s analog broadcasting industry is significantly different from most European markets, and this reflects very different history and regulatory frameworks.

The introduction of the IBOC technology by the existing analog broadcasters would not require the allocation of any new spectrum, or necessarily require any particular licensing considerations for Government. Similarly, the introduction of a narrowband system such as DRM could possibly be accommodated under Australia’s current broadcast planning and licensing regime with minimal change. 
However, an examination of the regulatory frameworks adopted overseas for Eureka services suggests that a number of issues would require detailed consideration in Australia. A number of these issues arise from the introduction of the multiplex operator into the radio value chain, should such a model be adopted in Australia.

The multiplex

The Eureka system can typically deliver five CD quality stereo radio services, or a greater number of services (perhaps ten) of lesser audio quality, over a bandwidth of approximately 1.5 MHz. The multiplex uses a single data stream to deliver all the constituent services of the multiplex from a common transmission site. While the coverage of all the services will generally be the same, some services could provide a more robust service to a smaller coverage area (i.e. for mobile reception on hand-held receivers) or a less robust service to a wider coverage area (for fixed reception with external antennas). This differs from existing transmission arrangements for analog radio where separate transmission equipment is used for each service.

The introduction of the multiplex operator into the radio value chain is often accompanied by the separation of the licensing of content from carriage. Most countries that have adopted the Eureka technology have instituted a two-tier licensing regime, which separately licences content providers from multiplex operators. This provides for more efficient allocation and use of spectrum depending on processes for accessing multiplex capacity, and the multiplex operators ability to manage bit rate capacity between services in response to demand. 
Analog radio technology operates on the basis that one spectrum channel corresponds to one broadcast service. The licence area planning process administered by the ABA is intended to maximise the economic and efficient use of analog spectrum by coordinating the use of channels, and therefore the provision of services, in particular geographical areas. In determining the number and type of services to be provided in a given area, the current planning process also promotes the objects of the BSA. 

The current LAP model evolved from the planning of the delivery of services through an AM radio transmitter to geographic regions of common interest. The introduction of FM radio services was largely overlaid on these pre-existing AM radio licence areas.

The introduction of the Eureka technology may present challenges for the planning of spectrum in accordance with the current LAP process. The concurrent delivery of a number of services through one spectrum channel, the multiplexing of services into single transmission streams from fewer locations, and the possibility for the reuse of spectrum through single frequency networks, may not easily be accommodated under the current planning process. If it were considered desirable for a broadcasting content licence to carry a ‘right’ of access to some transmission capacity, it would not be to access spectrum, as under the current system, but possibly to access some minimum bit rate allocation on a multiplex.

One key area where the multiplex would provide a challenge for the pursuit of the objects of the BSA in planning for digital services is in promoting the availability to audiences throughout Australia of a diverse range of radio services.

Diversity

The current LAP process requires the ABA to determine the number and types of services to be available in a market based on demographic, social, economic and technical criteria. When the ABA allocates a new licence, that service is then delivered through its own transmission facility. In a multiplex environment, the allocation of a new content licence may not directly result in the broadcast of the new service.

One issue to be considered is the manner in which access to multiplex capacity is managed. For example, it may be necessary to establish an access regime that includes specific rights for certain classes of broadcaster.

In the United Kingdon, the multiplex licensees have been required to give certain undertakings in order to win the licences, but are also given the flexibility to respond to market demands. While the national coverage commercial analog licensees were guaranteed access to multiplex capacity, the local coverage commercial licensees were not. Subsequently, there are a number of aspirant digital radio broadcasters in the United Kingdom who cannot access the required multiplex capacity to deliver a service.

As noted above, during a start-up phase of digital radio, it is likely that the listening audience would be very small for some period of time, and consequently digital radio may not be considered to be of significant influence. Under those conditions, it may not be considered necessary to pursue all the objects of the BSA, including the provision of a diversity of services exclusively in the digital environment. However, as digital radio services become more popular, it may be necessary to consider the management of diversity in the multiplex environment. 

One option would be to require multiplex operators to demonstrate the provision of a diversity of services. This could be enacted as a criterion under the multiplex licence allocation process, as in the United Kingdom, or as an ongoing licence condition, subject to regular assessment by the appropriate regulatory authority. Additionally, consideration could be given to allocating a multiplex licence in each area that is restricted to providing national, community and other non-commercial services. In the United Kingdom, the BBC operates its own national multiplex, in addition to being provided preferential access to local commercial multiplexes for its localised services.

In Australia, market based mechanisms are used for the allocation of commercial licences and merit based processes for community licences. The adoption of a merit based approach to the allocation of a commercial digital radio licence would be a significant departure from current practice.

Another option might be to issue content licences with guaranteed access rights to multiplex capacity. For example, a content licence could provide guaranteed access to 128 kbit/s of capacity in a certain geographical area, with rights to negotiate a lower or higher allocation at the discretion of the content licensee. The multiplex licence would need to mirror this, with a requirement to make available the 128 kbit/s capacity if possible.

This would require sufficient numbers of multiplexes to accommodate all licensed services and the national broadcasters. Given a critical mass of multiplexes being in operation, however, such an access right might also be achieved by requiring multiplex licensees to operate in accordance with some third party access regime.

A third option might be to impose certain ‘must carry’ obligations on multiplex licensees to accommodate a certain minimum number of particular categories of services, such as national, community services, or certain narrowcasting or foreign language services. Such obligations could be imposed on every multiplex licence, or on a case-by-case basis recognising local demand conditions. The price paid for such a multiplex licence could be expected to reflect the constraint on commercial flexibility in service provision.

The rules governing ownership and operation of a multiplex would also have to be considered as broadcasters may be interested in providing the multiplex themselves or entering into some form of joint venture arrangement with a specialist multiplex operator. Broadcaster control would maintain the current arrangements for provision of an analog service, where both the production of content and its transmission fall within the ambit of the broadcaster. However, such an arrangement may limit the scope for new entrants unless an adequate third party access regime was established.

A decision to implement a Full Conversion of incumbent broadcasters with a moratorium on new entrants would mean the current diversity of analog services in each of the licence areas would be replicated in the digital services (assuming the analog licence areas were also replicated by the digital service).

Low power services

A further issue for the planning of digital radio services, is the issue of incorporating lower power services. Low power services include local coverage community and commercial services, as well as Low Powered Open Narrowcasting (LPON) services. LPON licences allow for the provision of niche radio broadcasting services, such as tourist and racing information, or ethnic and religious programming to very small coverage areas. There are around 1800 LPON licences currently issued.

A number of local coverage services can be accommodated in a given area through their relatively low power, which minimises interference to each other and to high power services. LPON services, in particular, are designed to provide services to very limited, localised reception areas. 
As discussed earlier, the multiplex system requires the assembly of a number of services into a combined data stream, which is then broadcast to a wide coverage area. Each of the services on the multiplex would then be receivable to identical reception areas. Consequently, it would be difficult to replicate the role of low power, highly localised services in a Eureka environment. 

A number of other countries have recognised the problem of accommodating small scale broadcasters under the Eureka system. In 2001, the Dutch government funded a study into possible methods of digitisation of small scale broadcasters in the context of Eureka. The report concluded that the digitisation of small scale broadcasters cannot take place with a single digital transmission technology. While the Netherlands has adopted Eureka for wide coverage digital radio services, the report proposed the use of low power DRM in either the MF‑AM or VHF Band II ‑ FM bands for smaller coverage broadcasters.

Simulcasting and new services
In relation to the introduction of digital radio, the term ‘simulcasting’ refers to the practice of simultaneously providing identical content via analog and digital transmission. Whether analog radio is eventually switched-off or not, it is likely that analog and digital radio services will be available together for quite some time. While that is the case, there may be a question as to whether or not regulations should require simulcasting of services.

Mandating simulcasting or a simulcast period would be intended to prevent listeners who choose not to convert immediately to digital from being disadvantaged by the migration of premium analog content to digital in a Full Conversion environment. However, no country’s regulatory framework currently requires or prohibits full simulcasting, and no country has, at this stage, adopted a Full Conversion approach.

In Canada, an existing analog licensee who chooses to broadcast in digital must simulcast, but is allowed up to 14 hours per week of separate, digital-only programming. The German government believes that simulcasting is expensive and burdensome for the broadcasters and accordingly, has no simulcast requirement and actually provides for voluntary analog switch-off. In some areas in Germany, new radio licences are being issued in digital-only, with no analog simulcast requirement.

It appears a common strategy in other markets for an incumbent analog broadcaster to commence a digital service as a simulcast of its analog service, with the subsequent differentiation of the digital service through additional or alternative digital-only content. This strategy provides a relatively inexpensive way for incumbent analog broadcasters to introduce a digital service, but also recognises that a significant factor in encouraging consumer take-up of digital radio at this stage is the availability of new and niche audio services. With the anticipated slow take-up of digital radio by consumers in the initial phases of implementation, it is unlikely that a broadcaster would find commercial advantage in reducing the appeal of its analog service in the short to medium term.

Data services, audio quality and bit rates

Depending on the protection level employed, the main service channel of a 1.5 MHz Eureka multiplex has a capacity of around 1.152 Mbit/s of audio and data services. Broadly speaking, there is a trade-off between the numbers of services and the audio quality of those services, and the amount of capacity allocated for data services. 

Data services can be of varying capacity, and can be carried as Program Associated Data (PAD, attached to an audio service), or as an independent data only service. This data service can be used to deliver a range of services to Eureka receivers and, it appears, other data applications including datacasting to hand held personal receivers. The more capacity on a multiplex used for data applications, the less capacity remains for use by audio services.

A number of countries' governments have taken the view that the services provided through multiplexes should be primarily audio. Accordingly, regulations setting a maximum data carrying capacity, ranging from 10 per cent in Denmark to 35 per cent in Singapore, have been imposed.

Setting maximum data carrying rules will ensure multiplexes are used primarily to deliver audio services, but it may also limit the capacity of multiplex operators to maximise efficiency by offering excess capacity to data and other non-audio services. It may also limit the capacity of content providers to experiment with the range of possible data services. 
Eureka is effectively capable of carrying mono and stereo audio programs encoded at bit rates from 32 to 256 kbit/s. Broadly speaking the higher the bit rate of services, the better the audio quality and the fewer the number of services on the multiplex. Depending on the protection level, this results in a carrying capacity of between 3 highest quality stereo services, and 54 lowest quality mono services.

It is considered that a stereo audio service at 256 kbit/s is CD quality or better, while a 128 kbit/s service is considered to be near FM stereo radio quality.

There may be a commercial incentive for a multiplex operator and/or content provider to seek to minimise the bit rate per service rather than seek higher audio quality past a certain point. In Sweden, it is considered each music service must be delivered at 256 kbit/s. In the United Kingdom, however, the Radio Authority (now Ofcom) has set minimum bit rates for audio services at 64 kbit/s for speech services and 128 kbit/s for stereo music services. The Radio Authority hoped that these would be a minimum only, and that higher levels of audio quality will be seen as a source of competitive advantage by broadcasters. In practice, these levels reflect the commercial industry standard, with multiplexes commonly carrying ten stations at approximately those rates. The BBC multiplex, however, carries a number of its services at higher rates.

A WAY FORWARD
This report examines a number of the major issues associated with the implementation of digital radio in Australia. However, the development of an approach to implementation would require consideration of a large number of issues of detail not explicitly canvassed in this report, including technical standards, licence allocation processes and conditions, and content regulation issues. There would also be a need for a comprehensive spectrum planning process.

Further work is required to assess the number of digital services (Eureka 147, DVB-T or ISDB-TSB) which might be accommodated in VHF Band III in metropolitan and regional markets. While some useful work has been done on the theoretical channel capacity of the L‑Band spectrum for a Eureka only rollout, the potential for its use as one component of a Hybrid VHF/L-Band model with the latter used primarily for infill or town only purposes could usefully be explored. Further technical studies of L-Band propagation and building penetration characteristics and transmission site requirements, would also be required in order to assess this band’s potential role in digital radio implementation.

In determining a broad approach to the implementation of digital radio services, there are a number of questions that would require early consideration by the Australian Government. A major question is whether the public interest would be served by an early implementation of digital radio services or even a commitment to an implementation strategy. Consideration also has to be given to the factors that are most important in choosing a digital radio technology and the choice of spectrum to deliver the service. For example, if digital radio services are required to replicate the existing licence area system in both capital cities and regional areas the choice of technologies and possibly spectrum would be substantially narrowed. There is also the question of whether digital radio can be treated as a supplementary or a replacement service. Given the likely slow initial take-up there may be a case for treating it as a supplementary technology at least until it becomes clear that it will substantially replace the analog service. A related question is the extent to which digital radio should be regulated both immediately and over time. Finally there is the issue of the role of the incumbent commercial, community, national and other radio broadcasters, and the scope for the provision of new services and the participation of new service providers.

The nature of a policy and regulatory framework for the introduction of digital radio would be a decision for Government. However, there are clearly still a number of technological and market uncertainties that serve to cloud the decision-making environment. In order to be in a position to move to a robust digital radio policy and regulatory framework as soon as possible, there would be great value in the Government working closely with industry to clarify some of these uncertainties before some of these decisions are made. 
A stakeholder consultation process drawing on the Study Group’s report could be undertaken over the next 12 to 18 months. Particular elements for further and more detailed review that could be incorporated into such a work program would be to: 

· articulate the relative merits of the ‘conversion’ of analog radio to digital format compared to the ‘supplementation’ of analog radio by digital

· develop a more detailed understanding of the drivers for consumer take-up of digital radio to ensure these are considered in any introduction of digital radio in Australia

· undertake a comprehensive analysis of the availability across Australia of appropriate spectrum for likely digital radio scenarios.
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