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Executive Summary
Introduction
The radio-frequency spectrum supports many applications and services that provide economic, social and cultural benefits to society. The availability of new technologies and products in the electronic communications sector and the increasing portability of personal communications devices have had a significant impact on the use of the radio spectrum.  Consequently, a review of Irish spectrum policy and the legislation underpinning it is timely. 
Electronic communications, in general, is an area that is constantly changing. There is a clear trend towards more mobile, wireless applications both in business and the home. Availability of spectrum is indispensable for these applications.  In many ways, the current system of spectrum management lags behind these developments in technology. Consequently, there is a need to ensure that the Irish spectrum planning and management regime is sufficiently responsive and adaptable in this fast changing environment and that it supports and promotes innovation, research and development in new spectrum-based services and applications and contributes to sustainable economic growth. An equally important objective of spectrum policy is to ensure that public policy objectives are also served and that adequate spectrum is available for the provision of public services in areas such as safety and security, broadcasting, scientific applications and cultural and leisure pursuits.    
Objective of this Paper

The objective of this paper is to stimulate discussion and consideration of the issues involved in the development of spectrum policy. It sets out the current governance structures for the radio spectrum at a national and international level and examines the factors that are driving change in spectrum management. The paper outlines the characteristics that a system of spectrum management should reflect and proposes a number of core principles for future spectrum policy.         

The Spectrum Resource

The economic and social benefits to Ireland from the radio spectrum are enormous.  The radio spectrum supports a wide range of business, personal, industrial, scientific, research and cultural activities in both the public and private sectors.  It impacts the daily lives of every Irish citizen.  An increasing proportion of the population use communications services and devices in their personal and business lives, which are dependent on the availability of radio spectrum.  The telecommunications industry’s impact on the Irish economy goes beyond the revenues and employment generated by the industry itself.  Telecommunications, including wireless services, provide a critical infrastructure for knowledge-based and other economic sectors, which has an enormous “enabling” impact on the rest of the economy.  It is vitally important that Ireland’s spectrum management and planning system exploits to the maximum extent possible the economic and social benefits of this national resource for our economy and society.

Innovation

Ireland’s geographic location and a relative lack of congestion in most spectrum frequency bands give us a natural advantage in the area of spectrum research and development.  Under the current spectrum management regime, test-and-trial licences in many frequency bands are available to enable innovators to field-test new technologies and services in a live environment. Irish spectrum policy will continue to support and promote research and development in new radiocommunications technologies and spectrum-based services and applications. We will continue to exploit this advantage and position Ireland as the innovation nation in Europe in the use of spectrum resources.      

Rapid technological developments and the resulting convergence, where previously separate technologies such as voice, data and video now share resources and interact with each other, mean that markets in the electronic communications sector are increasingly coming together.  This will create new opportunities for synergies in the sector and will open up new areas of economic activity based on spectrum, such as the development of ‘spot markets’ for spectrum trading.  New technologies will allow frequency sharing more often and more third party use of particular frequency bands.  Specific applications will no longer be associated with a fixed frequency but will be transmitted and received over a broad range of frequencies.  Flexibility in spectrum management will be essential in this new environment.  
Spectrum Management

Ireland, along with its European neighbours, will continue to act in accordance with the relevant regulations governing spectrum both at national and international level.  Irish officials play an active role in international bodies such as the International Telecommunication Union (ITU), the European Conference of Postal and Telecommunications Administrations (CEPT) and the European Commission.  In these bodies, issues such as the harmonisation of use, spectrum trading and service and technology neutrality are high on the agenda.  In pursuing these issues, the Irish Government will ensure that its radio spectrum policy will serve not only our economic objectives but also our social and cultural objectives. Vital public services such as security, emergency services, transport safety, public sector broadcasting and scientific services, require access to spectrum and provision of such access will continue to be a priority for the Government.  The overriding aim is to ensure that spectrum is allocated, assigned and used effectively.  This involves both the efficient use of spectrum – not using more frequencies than are necessary for a specific application – and flexibility – the removal, where appropriate, of constraints attached to the usage of specific frequency bands.    
The radio spectrum has historically been assigned by administrative decision whereby the spectrum manager decides how and under what conditions spectrum is used.  This method of assignment prioritises the avoidance of interference and the protection of national spectrum rights of use.  This approach to spectrum management has come under increasing pressure, due to the high level of technological development and the strong demand for wireless applications.  In order to make spectrum distribution more flexible, other management models are increasingly been used.  The two principal models are:

· Market mechanisms, where decisions on spectrum assignment are market-based.  This approach involves the use of mechanisms such as auctions and may also involve spectrum trading.

· Licence exemption, where the use of low-power short range devices, such as remote control devices and medical implants, does not require a licence because there is little chance of harmful interference between users.  

With increasing flexibility in spectrum assignment, there will also be a need to ensure that monitoring and enforcement procedures are effective to ensure compliance with conditions of use and to reduce the risk of harmful interference.   
Drivers of Change
There are a wide range of factors driving change in spectrum management ranging from consumer demand, social/cultural, technological and regulatory factors. As outlined above, technological developments and convergence in markets and services are significant drivers of change towards more flexible spectrum management approaches.  An important technological development in this regard is the switchover from analogue to digital transmission of broadcast signals.  This will free up spectrum in the broadcast bands for other possible uses, such as, providing broadband access to sparsely populated areas, high definition TV and other possible uses in both the broadcasting and communications spheres. As a result of increasing digitisation, data can be transmitted and received over different infrastructures. This will give rise to new services and increased competition between service providers. Also, new developments in radio technology, for example, cognitive and ultra-wideband radios allow the sharing of spectrum between different applications.
On the regulatory side, there is an increasing emphasis, internationally, on flexibility through simplifying assignment procedures and lowering or removing entry barriers.  The trend is moving away from traditional methods of spectrum management towards a more market-based approach. This reliance to a greater extent on market forces is tempered by the continued need for the management of the spectrum resource and the need to ensure the availability of spectrum for essential public service tasks and to meet social and cultural objectives.
Spectrum policy principles

In summary, spectrum policy must be sufficiently flexible to accommodate developments in technology and services, to promote and encourage innovation, to ensure the efficient and effective use of spectrum and to enable public policy goals to be met. 
The following principles for spectrum policy are proposed:

1. Spectrum management should be dynamic and responsive to the needs of stakeholders.
2. Access to spectrum should be easy.

3. There should be clear rules on the rights and obligations of users.

4. Innovation and research in wireless technologies should be promoted.

5. Technology and service neutrality should be promoted, where appropriate.

6. Spectrum should be used efficiently

7. The State should receive a fair return for access to or use of spectrum.

8. Monitoring and enforcement should be regularly reviewed.
1
Introduction

The radio-frequency spectrum is an important and finite resource from which all elements of society benefit.  It supports a wide range of services and applications in telecommunications, broadcasting, emergency services, transport, scientific research and a wide range of consumer devices. Higher demand (especially for mobile services), convergence between fixed and mobile services and between telecommunications and broadcasting, and the need for ever greater bandwidth mean that access to spectrum is increasingly important. The European Commission’s i2010 initiative
, a key element of the Lisbon Agenda, highlights the importance of spectrum availability to boost innovation in ICT (Information and Communications Technology) and of more flexibility in managing this resource efficiently.
Growth in demand, convergence and new services are putting pressure on traditional methods of spectrum management. These methods have generally been successful in ensuring that spectrum users can operate, free from interference, and that access to spectrum for high-power uses such as broadcasting is fairly distributed internationally. Nationally and internationally, governments and spectrum managers are exploring ways to manage spectrum more efficiently so as to encourage the development of new and innovative services and ensure that spectrum policy supports the development of the information society.
In Ireland, the principal enactment governing spectrum use is the Wireless Telegraphy Act, 1926. This Act dates back to a time when sound broadcasting was the main use of spectrum. Rapid developments in technology, increasing convergence and the  expansion in the uses of spectrum means that it is now time for a comprehensive review of policy and an updating and consolidation of the legislation in this area. 
A national spectrum policy is not an end in itself, but rather it sets the framework for the future development of electronic communications and is an enabler for the various sector requirements and policy objectives in the telecommunications, broadcasting, transport, defence, public security, emergency services, research and development, and scientific sectors.   In developing a spectrum policy, there is a need to recognise the potential for convergence occurring between some sector/spectrum uses due to both technology and regulatory developments and to recognise the potential for Ireland to become a world leader in the development of innovative spectrum-based applications.
In order to achieve these policy objectives, a Working Group on Spectrum Policy was established by the Department of Communications, Energy and Natural Resources in 2007 to review Ireland’s current policy on management of the radio spectrum and to develop appropriate principles on spectrum policy. The group’s terms of reference are set out in the Appendix. 
The members of the Working Group were:
Peter O’Neill, Assistant Secretary, Communications and Broadcasting, DCENR (Chair);
Professor Tom Brazil, Head of High-Frequency and Microwave Research Laboratory, UCD;
Dr. Linda Doyle, Centre for Telecommunications Value Chain Research, TCD; 

Mike Byrne, Commissioner, Commission for Communications Regulation;
Isolde Goggin, Telecommunications and Regulatory Affairs Consultant;
Patricia Cronin, Principal Officer, Communications (Regulatory Affairs and Postal) Division DCENR; 
John Breen, Assistant Director, Communications (Business and Technology) Division, DCENR;
Kevin O’Brien, Principal Officer, Broadcasting Policy Division, DCENR; 

Richard O’Reilly, Assistant Principal, Communications (Regulatory Affairs and Postal) Division, DCENR (Secretary).
The group met on six occasions. Presentations on spectrum-related topics were made by a number of members of the group, in order to stimulate debate. In addition, a number of spectrum specialists from other countries and institutions were invited to make presentations. These were: - Dominique-Jean Rolfo, Deputy Director General, ANFR
; Philip Rutnam, Head of Spectrum Policy Group and Board Member, Ofcom
; and Frank Greco, Deputy Head of Unit, Radio Spectrum Policy, European Commission. The group would like to express its thanks to these individuals for their very helpful input.

2
Background
2.1   
What is radio spectrum?

The radio-frequency spectrum - an invisible, intangible and ubiquitous resource - is used for numerous business and consumer applications. For communications purposes, radio frequencies are used for aviation, shipping, defence services, public safety, fixed links, public mobile phone networks and private business radio networks. Other uses include broadcasting, radar, radio astronomy, radio​location, space research and amateur activities. Wireless communications are increasingly used to provide broadband internet access, enabling online public services such as e-government, e-health and e-learning, as well as business and social uses.

Radio spectrum is unique and, in many cases, un-substitutable. It is unique in that it is an infinitely reusable resource with the ability to recover instantly from any effects of pollution or abuse. Although, for some applications, wired and wireless services are alternatives, there is no reasonable substitute for spectrum in certain applications such as mobile telephony or radar systems.
Radio waves all travel at the same speed – the speed of light (3 X 108m/s) – but are distinguished from each other by their frequency. Frequency refers to the number of times the signal fluctuates per second. It is measured in cycles per second or Hertz. Higher frequencies are measured in thousands of Hertz (kilohertz or kHz), millions of Hertz (MegaHertz or MHz) or billions of Hertz (GigaHertz or GHz). 
The Electromagnetic Spectrum (not to scale)



Figure 1:  Source ComReg

From the very early days of radio transmission, it became clear that, if access to the spectrum was completely unregulated, interference problems – where the signal from one transmitter prevents the signal from another from being received clearly – would arise. In the first place, if two signals are transmitted on the same frequency, in the same geographic area and at the same time, they will interfere with each other. In the second place, signals being transmitted at frequencies close to each other can also interfere with each other. Managing this phenomenon is the most crucial issue for spectrum managers worldwide.

It was clear, therefore, that there was a role for regulation, in the form of spectrum management. From the time that Marconi was granted his first British patent in 1896, regulation was not far behind - just seven years later, the Berlin conference of national radio administrations laid down the basis for the International Radiotelegraph Convention (IRC). This was followed by action to overcome interference problems caused by unregulated radio transmissions, both internally and across borders. The 1927 International Radiotelegraph Conference and, later, the International Tele​communications Union (ITU) allocated separate frequency bands to the various radio services of the time, and put in place arrange​ments for national licensing.

2.2
Who uses the radio spectrum?
The use of the radio spectrum is not restricted to one sector within society but is an important enabler across many sectors including telecommunications, broadcasting, transport, defence, public security, emergency services, research and development, scientific services and hobbies and leisure uses.   It is a key enabler to support the achievement of broad economic, social, cultural and public safety and security objectives.  
The different sectors, while all contributing to society in various ways, place different emphasis on the importance of spectrum.  While the economic importance of spectrum is often stressed by stakeholders within the telecommunications sector, other sectors, such as the broadcasting sector, often stress cultural and public service requirements, while the transport, public security and emergency services along with some of the science services place a greater emphasis on the safety aspects of reliable communications and the public service they provide.  
An authorisation is required for the possession and use of wireless telegraphy equipment in Ireland, with the exception of the Minister for Defence (military use). An authorisation can take the form of a licence or a licence exemption, and specific primary and secondary legislation has been enacted to enable the various wireless telegraphy licensing and licence exemption schemes. 
The range of licensing schemes in Ireland varies from national wireless telegraphy (WT) licences, e.g. the GSM and 3G licences, to personal WT licences, e.g. aircraft radio, experimenters and ships’ radio licences. As of the 30th June 2007, there were 19,612 non-broadcasting wireless telegraphy licences in Ireland. Table 1 below shows the types of WT licence and number issued. 
	Licence Type
	No. Issued

	Radio Links Point to Point (8,402) and Point to Multipoint (124)
	8,526

	Ships’ Radio
	4,732

	Business Radio (incl. aeronautical and maritime)
	2,955

	Experimenters (radio amateurs)
	1,494

	Aircraft Radio
	1,429

	Fixed Wireless Access Local Area (incl. point to multipoint)
	187

	Community Repeater
	102

	Satellite
	54

	Paging Permits
	37

	Wireless Public Address System
	32

	Third Party Business Radio
	23

	Wireless Test (14) and Trial (6)
	20

	Mobile Radio Systems
	10

	3G
	4

	GSM
	                3

	Wideband Digital Mobile Data Systems
	                3

	Wireless Access Platform (WAPECS)
	                1


Table 1: Source ComReg.

Over the last number of years, the number of licence-exempt devices in Ireland has steadily increased. The most prevalent types of licence-exempt equipment in Ireland are short range devices (SRDs) which are low-power radio transmitters that serve a multitude of purposes, e.g. car door openers, tagging devices, alarms, wireless microphones, short range FM transmitter devices such as the iTrip and Wireless Local Area Networks (WLANs / WiFi).

Licence-exempt radio equipment operates on a non-interference, non-protected basis and in radio spectrum that is shared with other radio devices. Additionally this equipment may not cause interference to other devices and may not claim protection from any interference received. 

The types and number of applications requiring access to spectrum are not static but are constantly increasing with new and innovative uses being developed.  Two such new applications which are expected to develop over the coming decades are radio frequency identity devices (RFIDs) in the logistic and retail sector and the development of intelligent traffic systems (ITS) to assist in improving traffic flow and management as well as supporting road safety. 
The following story illustrates the divergent uses of spectrum and how spectrum impacts on all of us in our daily lives.

A Day in the Life of Spectrum

I wake up at 6am to the alarm clock radio bringing me news that the world’s population is expected to grow significantly over the coming decades, with the main increases occurring in the developing countries, and that global warming will impact severely on global food production – news brought to me by the radio in the VHF-FM band 87.5 to 108 MHz. 

From checking my diary I see that my meeting schedule is quite full this morning, so I need to get a move on! I go to the garage and unlock the car and garage doors with two remote keys – each operating at around 433 MHz.

On the M50, the traffic update signs warn me of a delay ahead – they and the cameras that detect the traffic are linked back to the control room using 5.8 GHz fixed links.  I cross over the M50 toll plaza. There’s a ‘bleep bleep’ as I pass through the toll gates – my E-Tag operating at around 5 GHz. Just then the mobile rings – at 900 MHz – and I use the hands-free, operating wirelessly with ‘bluetooth’ at 2.4 GHz. It’s our Media Manager asking me to come into the office early to discuss a breaking story.
At last I arrive at the office car park. My 433 MHz swipe card opens the car park boom gates. My 433 MHz key locks the car doors. A 24 GHz motion detector keeps my vehicle safe throughout the day. As I approach the entrance to the office, I swipe my card using 13.6 MHz and the door opens.

At my desk I open my laptop and catch the latest overseas market reports – coming directly to the antenna on the roof of our office, via satellite, at 11 GHz. 
I make a couple of phone calls from a cordless phone operating at 1890 MHz, and then it’s time for the 9am video conference with a colleague in Cork. The video is streamed using a variety of fixed and wireless links at 18 GHz and 7.5 GHz. At 10.30, I leave the office to fly to Cork for an important meeting. 

At Dublin airport I have half an hour to kill because the flight’s been delayed - a chance to buy some birthday presents. I buy my son a miniaturised helicopter – which operates in the 27 MHz band – and a new mobile phone for my daughter – this one can download video on the 3G 2100 MHz band. At the checkout the gifts are scanned at 865 MHz I hear the boarding call and make my way to the Gate. Twenty minutes later the plane is taxiing along the runway – ground guidance courtesy of 121.8 MHz.  Takeoff. 

In the cockpit, pilot and crew are busy monitoring the instrument panels – air traffic control direct them using radar in the 2.9 GHz and 1.03 GHz bands – GPS guidance on 1600 MHz establishes the correct course to Cork – air traffic control coming in at 118.6 MHz ensures traffic avoidance – automatic direction finding at 362 kHz makes sure we stay on course.

At Cork airport, air traffic control on 119.3 MHz authorises the plane to land. An Instrument Landing System at 109.9 MHz brings it down safely, even though visibility is limited. The plane is guided to the gate by the controller using surface radar operating at 15GHz.
My taxi, despatched on 452 MHz, takes me to my meeting destination, where it’s meetings, emails, phone calls, emails, phone calls, meetings – one blurring into another – and then it’s back in the taxi, onto the plane, and takeoff! 

I make it home in time for the nine o’clock news – brought to me on spectrum in the 470 to 862 MHz UHF broadcast band and linked from the TV studio to the transmitter at 6 GHz. My son is watching a DVD, but I’m in no mood for an argument, so I pack him off to the other TV where he tunes in at 12 GHz from the satellite overhead.  I turn back to the news where there is a live-cross – using 7.5 GHz – to an outside broadcast unit reporting on the days events at the Dáil.
I go to the Met Eireann site to check details of the weather report I heard on the news. The colour weather images from radar operating at 5.6 GHz confirm that a storm is on its way from the south west. Somewhere overhead a meteorological satellite is using five different bands to gather the data used in meteorological modelling. I go out to close the garage door – at 433 MHz. 

Back in the house, I shut all the windows and doors. In the kitchen, I microwave last night’s leftovers – at 2.4 GHz. Back in front of the TV, I put up my feet and wait for the storm to arrive.

This is today. It could be any day. A day in my life. A day in your life. A day of normal activities for which we depend on spectrum. 

And what about tomorrow?

In the future, more and more devices in your house will communicate wirelessly, using bands like 2.4 GHz, 5.8 GHz, 80 GHz, and maybe even infrared. This will need more spectrum.  

Our children will soon download entertainment on demand, requiring ten times the bandwidth we’re using today. This will need more spectrum.  You will be able to watch mobile TV and access the internet, no matter where you are. In fact, the world will become your virtual office, whether you’re sitting at home, in your favourite café, or on the move in a taxi or train. This will need more spectrum.

Global warming will mean that earth-monitoring is more important than ever, not just to monitor the fingerprints of nature – those little signals that let us predict the weather – but to check up on producers of greenhouse gases and destroyers of forests. This will need more spectrum.

But there is one issue that needs to be addressed.  Spectrum is a limited resource and we need to be smarter in how we manage and use it.
2.3
Why is spectrum important?

2.3.1
Contribution to GDP
The rapid development of wireless technology and the increasing demand for bandwidth, especially for mobile and broadband uses, have raised the importance of access to radio spectrum for the economy and society as a whole. It is estimated that the total value of radio spectrum-dependent services in the EU is around €250 billion or about 2.2% of GDP
. In Ireland, recent figures for the contribution of spectrum-based services to employment and GDP are not available, but in an exercise carried out in the preparation of ComReg’s Proposed Strategy for Managing the Radio Spectrum: 2008 – 2010
, the total contribution of industries dependent for their operation on spectrum in 2006 was conservatively estimated to be almost €2.8 billion or 1.67% of GDP, up from €1.6 billion or 1.25% of GDP in 2002.  
In the UK, the economic value generated by the use of spectrum is estimated to have increased significantly in the last four years. It was estimated that the net economic benefit of radio spectrum to producers and consumers in the UK has increased by nearly 50% between 2002 and 2006, to a total of £44.8bn.
 This rise in value is ascribed primarily to large increases in the mobile communications sector, where subscriber numbers have risen along with spending, in particular on SMS and mobile data use, and the broadcasting sector, where the number of digital TV households has increased substantially.

(Note: The figures for the UK and Ireland may not be directly comparable due to differences in the estimating methodology).
2.3.2
Socio-economic benefits
The socio-economic benefits of spectrum, while difficult to quantify, are as many and varied as the uses and services which spectrum supports.  The benefits accruing to society from a wide range of public services that use spectrum are immense. Ranging from security and safety services, to communications and broadcasting, health and welfare, scientific and research applications, the list is endless and the non-economic benefits to society enormous.    
For example, life-saving services such as fire, ambulance and coastguard save countless numbers of lives and depend on fast, reliable wireless communications.  Travellers by sea and air rely on services that use spectrum, such as radar and radio navigation beacons to reach their destinations safely.  Numerous applications for spectrum in the home and at work, as outlined in the previous section, make our daily lives more enjoyable and productive.  Access to the media via broadcasting and the internet keep us informed and entertained. Also, we take the provision of accurate daily weather forecasts for granted.  However, these are significantly dependent on the use of spectrum. Satellite remote sensing is one of the cornerstones of meteorology, oceanography, and environmental science, supporting analysis and research that provide assessments, predictions, and warnings to the public and playing a significant role in monitoring climate change.
2.3.3
Innovation

The rapid evolution of wireless technology provides an excellent opportunity to encourage global developers to choose Ireland as a test-bed for new product or service concepts. Test-and-trial licences enable developers to gain timely access to appropriate radio spectrum for a limited period, whilst avoiding any adverse effects on existing users. A relative lack of congestion in most frequency bands means that frequencies can be made available to test products aimed at Irish, European or wider global markets. Such tests may range from purely technical trials, such as determining coverage characteristics in different frequency bands, to evaluation of user attitudes to new services. The importance of wireless research and technology has been highlighted in a report by Forfas
 to the Minister for Enterprise, Trade and Employment, in which expanding ComReg’s then current test licence regime was one of the key regulatory recommendations. 
Spectrum is as much a part of the physical universe as atoms or matter.  We are well-used to the economic value attaching to matter in the form of physical goods, land etc. and over many centuries have developed sophisticated systems for buying and selling, as well as adding value to goods, land and property.  We also recognise to some extent that there is economic value attaching to spectrum and have developed licensing systems to regulate its use and have conducted auctions to help quantify its market value.  However, in comparison to the material aspect of the physical world, our existing systems for trading and using spectrum are relatively primitive.  There are reasons to believe that this will change dramatically over the next decade or so, creating a new sphere of economic activity and numerous opportunities for growth.  

The ability to trade spectrum locally would create many new opportunities but of course would require major obstacles to be overcome, some technical but many relating to regulatory, commercial, security and even taxation issues.  While much is uncertain, there are good grounds for confidence that we may be on the threshold of the growth of a new sector of global business activity based on spectrum.  Intelligently anticipating these developments, through a supportive regulatory environment and with the appropriate research investments, could offer Ireland an opportunity to play a leading role in this exciting new world.

2.3.4    Open Access

There is no standard definition of open access and it is a term that may mean different things to different people.  From an end-users point of view, open access may mean the ability for consumers to use any compliant device to access and distribute any lawful content and use any lawful applications and/or services of their choice on the network. From a service provider viewpoint, open access could mean the ability for services to be provided to consumers by third parties. Another form of open access relates to a concept scenario in which spectrum is used by a number of licensees on some form of time-share basis.  In this scenario, spectrum would no longer be licensed to only one entity but rather pooled between a number of licensees who could use the spectrum, without detriment to each other.  For consumers this could mean additional competition, a choice of terminal and open access to a range of different networks.  

Irrespective of which definition of open-access is applied, it is clear that one of the key enablers for meeting future wireless broadband access demand in a vibrant wireless market will be a flexible/innovative spectrum policy that supports open-access spectrum networks, where appropriate. In such an environment providers of new forms of handheld devices, exciting content, and innovative applications and services would have access to consumers to raise awareness of their products and services and consumers would be able to connect the telecommunications terminal equipment of their choice (provided that these are lawful and do not harm the network). Spectrum can be the catalyst that underpins such innovation. Spectrum policy and regulation should ensure that these principles are respected and, where appropriate, enforced.

Future scenarios for use of radio spectrum are likely to include more dynamic use of this resource. For example, access to spectrum based on short-term availability of frequencies for non-time-critical tasks and frequencies required for limited periods of time, could be bought and sold on a ‘spot market’.  Research on these topics is already under way through bodies such as the Centre for Telecommunications Value-Chain Research (CTVR)
, comprising researchers from Irish universities and research institutes and their industrial partners, and the IEEE Dyspan Conference,
 an international forum for discussion of all aspects of devices and networks that utilise spectrum on a dynamic basis.  To encourage innovation in this area, spectrum policy should support the trialling, positioning and awareness of products. In establishing new uses for radio spectrum it is imperative that Ireland maintain a suitable test and trial licence regime that supports and encourages innovation and more importantly provides a proving ground for future uses of radio spectrum such as open access systems.   
3.
Spectrum governance
3.1
The role of the State

The radio-frequency spectrum is a unique resource from which all aspects of society benefit. It supports a wide range of private, commercial, consumer, defence, national security, scientific and public safety applications.

The traditional approach to the management of spectrum, since it was discovered at the turn of the last century, has been one based on significant state control.   However in recent years, a number of factors, such as the development of the ICT sector, rapidly evolving technology, changing market demands, globalization and an increased focus on public safety and security, have caused many countries to re-examine their approach to spectrum management.  

As the general public embrace changes in communications technologies and seek to be contactable “anywhere any time and by any means” there is increasing demand placed on the wireless sector as spectrum is the only resource that can support practical wireless communications. 

One of the Government’s tasks in developing its radio spectrum policy is to make sure that the radio spectrum serves not only economic interests but also a range of public interests. This includes vital public services, such as defence, policing, public order and emergency services, air traffic management, maritime safety and vessel traffic control.  It also includes public service broadcasting and the scientific use of the frequency spectrum, such as meteorology, environmental monitoring and radio astronomy.  In addition to these public services, the radio spectrum is also a key enabler in economic development whether it is in promoting industrial development and innovation in the ICT sector or in the provision of various electronic communications services such as mobile telephony or the provision of wireless broadband.   

In order to meet these objectives, the State plays an active role in the field of policy development, both at the national and international level, in the allocation and assignment
 of frequencies to a large number of applications. This also includes adequate oversight of the use of the frequencies that have been assigned

Traditionally, the development of policy and day-to-day management of the radio spectrum were undertaken by a government ministry.  Ireland, in line with the general approach being adopted in Europe for managing the telecommunications sector, has established an independent communications regulator (ComReg).  The State’s functions with respect to policy and the management of spectrum are now divided between the Minister and the Regulator.  Their respective responsibilities are outlined in section 3.3. This division of responsibility between ministries and regulators is now standard practice in many countries. A paper outlining the institutional structures in a number of countries is available at the following link: 
Spectrum policy and regulatory structures international comparisons
3.2
The current system of spectrum governance
3.2.1
National legislation

The Wireless Telegraphy Act 1926 is the principal national legislation governing the licensing and use of the radio spectrum in Ireland. Over the years this act has been amended either by additional wireless telegraphy acts, such as the Wireless Telegraphy Act 1972 and the Broadcasting and Wireless Telegraphy Act 1988 or by amendments in other acts, such as the various broadcasting acts.   More recent communications legislation also includes provisions that govern the licensing and use of the radio spectrum. 
The Communications Regulation Act 2002 established an independent communications regulator, the Commission for Communications Regulation (ComReg), and transferred to that body most of the Minister’s powers under the Wireless Telegraphy Act 1926.  These powers are mainly operational in nature (licensing and enforcement). In addition, the legislation empowers ComReg to draw up the Radio Frequency Plan taking into account any directions from the Minister on policy matters. More recently, the Communications Regulation (Amendment) Act 2007 transferred the powers for licensing ships’ radios from ComReg to the Minister for Transport. Among the powers retained by the Minister for Communications, Energy and Natural Resources are those relating to the licensing and enforcement of the television reception licence. 
As broadcasting is dependent on spectrum, the Wireless Telegraphy Act 1926 was enacted specifically to address issues arising from the introduction of broadcasting within the State. The various broadcasting acts since 1960 also insert provisions into the 1926 Wireless Telegraphy Act, or specify provisions concerning the application of the Wireless Telegraphy Act with respect to broadcasting.  In particular, the 1988 Radio & Television Act and the Broadcasting (Amendment) Act 2007 specify particular roles for the Broadcasting Commission of Ireland (BCI) in determining the number of stations within the independent broadcasting sector, the areas that they serve and the authorisation of digital broadcasting.   These types of provisions impact on how spectrum can be used. 
Other legislation, particularly in the transport area, can include provisions that impact on spectrum management within their particular sectors.  One such example is the Irish Aviation Authority Act 1993.   This Act gives powers to the Minister for Transport to enact statutory instruments (SIs), under the Wireless Telegraphy Act 1926, relating to aviation matters.  
A summary of the various acts that modify the Wireless Telegraphy Act 1926 or impact on how it should be applied can be found at the following link: 
List of Acts relevant to Wireless Telegraphy
3.2.2
EU legislation 
In addition to national legislation, two EU Directives
, which form part of the 2002 EU regulatory framework for telecommunications,
 also impact on how spectrum is governed. These have been transposed into national law by means of regulations made under the European Communities Act 1972.  
In particular, the Framework Regulations 2003 provide for the effective management of radio frequencies in accordance with any policy direction issued by the Minister. The Authorisation Regulations 2003 provide for the establishment of procedures for the granting of licences, the conditions that can be attached to licences, limiting the number of licences and the harmonised assignment of spectrum. These regulations also make provision for the issuing of a licence to broadcasters in pursuit of general interest objectives in accordance with European Community law.

In addition, the EU regulatory framework also includes the Radio Spectrum Decision (676/2002/EC) under which the EU Commission can adopt decisions concerning how particular segments of the spectrum must be used within the EU.  These decisions are binding on the Member States. A number of such decisions have been adopted by the Commission and implemented in Ireland.
Under EU legislation, the different spectrum uses can be classified as either electronic communications services (ECS) or non-electronic communications services. This distinction impacts on the applicability of EU legislation. While EC Decisions on harmonising spectrum can be developed for either ECS or for non-ECS, the provisions of the Framework Directive and the Authorisation Directive are only applicable to ECS.   

Within the non-ECS sector the typical uses of spectrum include:

· Transport (marine, aviation & road telematics);

· Safety & Security (police & emergency services, military);

· Space (operations & research);

· Science Services (meteorological, environment monitoring)

· Miscellaneous (RFID – radio frequency identification, medical implant devices and other short range devices);

· Leisure uses (amateur radio, model control and CB radio).
3.3
Organisations involved and their respective roles                                                        

The division of responsibilities that has evolved since the establishment of ComReg and taking account of the various legislative provisions can be summarised as follows:
Minister / Department: 
· Responsible for the development of telecommunications policy including spectrum policy and for International agreements.  

· The Minister can give policy directions to the Regulator.  

· The consent of the Minister is required for regulations enacted under the Wireless Telegraphy Acts.

ComReg

· Responsible for the day-to-day function of spectrum management, taking into account any policy directions from the Minister, and for licensing and enforcement.

· ComReg shall develop a strategy for spectrum use every two years, and prepare and publish the National Frequency Plan taking account of any policy directions given by the Minister.

· In making regulations governing the licensing of radio systems, ComReg must obtain the consent of the Minister. 

As indicated in section 3.2.1, other statutes confer certain responsibilities on other bodies.  This is particularly so in the transport area where, in the International Telecommunications Union (ITU), spectrum is typically allocated to aviation or marine on a global basis.  In these cases their respective international organisations often undertake the detailed planning on how that spectrum is used.  In Ireland, the Department of Transport (Marine Radio Unit) and the Irish Aviation Authority participate in the work of these international organisations and handle various aspects of spectrum management such as the planning and international coordination relevant to their respective sectors along with some licensing/enforcement functions.

At a national level the Broadcasting Commission of Ireland (BCI) has a statutory role in determining the broadcasting requirements for the commercial and community sectors.  In doing so, it must take into account spectrum availability and consult with ComReg. Although ComReg issues the Wireless Telegraphy licences to BCI, it is the BCI which determines the number of stations, areas to be served, duration of licenses and awards the contracts to broadcasters. The BCI also passes on rights to transmit as specified in the licence to broadcasting contractors.  The BCI can also terminate a contract if there is a breach of the terms of the contract or WT license. The policy requirements for public service broadcasting (RTÉ & TG4) and, consequently, the spectrum needs for this sector are determined by the Minister in consultation with the public service broadcasters. 

3.4
Role of the spectrum manager

The role of the spectrum manager or regulator is to manage the use of the radio spectrum within the bounds set by national policy and taking account of national and international rules and agreements. In doing so, the objective is to provide for as many uses and users as possible and to ensure that (within certain limits) users do not cause interference to each other. At national level, spectrum managers decide, on either a national or an international basis (see below), what use can be made of a particular band. Within this framework, they allow organisations or individuals the right to transmit on a particular frequency in a particular area. Often, this licence or right of use is limited to a particular type of technology or a particular application. An important issue for regulators is achieving an appropriate balance between national and international decisions on spectrum allocations (deciding what spectrum can be used for what purpose). 
Regulators must work together at a regional level to consider such issues as the harmonisation of frequency bands across the region for a particular service or use. They may also co-operate with each other at a bi-lateral level to co-ordinate frequency use within each jurisdiction or design a co-ordinated spectrum competition. For instance, ComReg and Ofcom worked closely together on the co-ordinated auction of spectrum in the 1780-1805 MHz band, which was available in Northern Ireland though not in the rest of the United Kingdom, and which was licensed on a technology and service neutral basis.
Broadly speaking, there are three ways to assign spectrum: 
Licence- exemption - where the regulator or spectrum manager is satisfied that there is little chance of harmful interference between users, no individual user licence is required. In Ireland, applications using devices, such as mobile phones and other consumer applications, are exempt from individual licensing. The majority of applications under this category use low-power short range devices.

Licence: Administrative assignment - the traditional approach to spectrum management where a regulator or spectrum manager, working within the confines of national policy and national and international law, decides how access to spectrum is to be permitted and the conditions applying to this permission, including the service and equipment to be used.  Administrative assignment prioritises the avoidance of interference and the safeguarding of national spectrum rights.
Licence: Market mechanisms - where decisions as to who gets the spectrum are made by the market. This approach involves the use of mechanisms such as auctions to assign the spectrum to users and may also involve trading.  Auctions are an alternative to administrative assignment procedures or comparative selection procedures (beauty contests) for awarding rights to use radio spectrum.  They are normally used where the number of rights available is limited. Secondary trading allows spectrum rights to be traded between entities, providing a means of accessing radio spectrum via the market rather than the regulator (although the regulator still has a role to ensure that the traded spectrum continues to be used in an appropriate manner).  

Although the “sale of spectrum” is a term that is often used in connection with auctions, it is really only a conceptual idea. In practice, it is a licence that is issued and an auction is a market mechanism used to assign it.  Similarly with secondary trading, it is the rights of use assigned by a licence that can be traded rather than the spectrum itself.
To allow market forces to adequately work within a market mechanism regime there has been a re-examination of the need for a prescriptive approach.  Consequently the phrases “flexibility of use” and “liberalisation” are often associated with market mechanisms. However “flexibility of use” and “liberalisation” need not be restricted to spectrum assigned by market mechanisms but can, to varying degrees, also apply to spectrum rights of use (licences) awarded by administrative assignment. 
The introduction of a market mechanism approach requires a change from a licensing regime that is based on apparatus to one that is based on “rights of use of spectrum”.  In considering the introduction of an approach based on spectrum rights of use, the definition and the legal basis of such rights are very important. Licensees will be subject to new rights and obligations, particularly in relation to secondary trading and the avoidance of interference to other users.  
However, even for those parts of the spectrum for which market mechanisms are the basis for assigning it to users, the State will continue to play an important role and will retain certain rights with respect to the management of the spectrum. Hence, in providing the licensee with greater rights and perhaps the ability to change aspects of the service they provide or its technical characteristics, the State needs to ensure that it retains adequate control of the spectrum and has the capability of recovering it should the necessity arise. 

In addition to licensing, monitoring and enforcement is a critical and important role for the spectrum manager. With the increasing demand for access to spectrum and with the licensing process becoming less restrictive and allowing for greater flexibility in the use of spectrum, the potential for interference will increase.  Consequently, there is a need to ensure that the approaches being adopted for monitoring and enforcement are appropriate and responsive to the changing environment in which spectrum is being assigned and used.  
3.4.1
North-South Co-operation
In 2005, ComReg and Ofcom set-up the “All-Island Licence” project team. This project was a milestone in co-operation between ComReg and Ofcom as this was the first time that an all-island approach to spectrum competition was developed. For jurisdictional reasons, it was necessary to have two spectrum competitions, one held by ComReg and another by Ofcom, as opposed to one all-island competition. Consequently, a co-ordinated approach to licensing was adopted, whereby, as far as possible, the key elements of the proposed spectrum packaging and licensees’ rights and obligations, whilst legally separate in each jurisdiction, were identical. 
Apart from co-operation on specific projects, there is frequent co-operation between ComReg and Ofcom in relation to ongoing activities such as spectrum compliance and licensing. ComReg and Ofcom also co-operate, where appropriate, on radio spectrum issues in a number of international bodies such as the EC, CEPT and ITU.  Such co-operation may be appropriate due to the relative geographic location of the UK & Ireland and issues being raised by licensees which are common to both jurisdictions.
3.5
International obligations 

3.5.1
Global level

The International Telecommunication Union sets the global framework for managing the international radio-frequency spectrum. As part of this framework, the ITU divides the world into three regions. Ireland is in Region 1 which covers Europe, the Russian Federation, Africa and the Middle East. Region 2 includes the Americas and Greenland, while Region 3 includes countries in Asia and the Pacific. This framework is specified in the ITU Radio Regulations. These regulations, which are generic in approach, have international treaty status though significant flexibility is left to the national administrations in their application. In addition to the international table of allocations, the Radio Regulations also specify certain rules that are either of a general nature or are specific for a given sector.   
The Radio Regulations are developed and regularly updated through World Radiocommunication Conferences (WRC) which are held on a 3 to 4 year cycle.  A proposal to change the allocation of a band can be a lengthy process.  It typically requires the topic to be nominated as an agenda item for the next competent WRC.  National administrations initially consider the topic at the regional level and, where there is consensus, make proposals to the WRC.  The proposals from the various regional organisations as well as national administration to a WRC are examined and a global consensus sought so as to reach agreement. Overall, the process is a time and resource-intensive business and can take a minimum of three to five years before final agreement. Depending on the outcome it can either facilitate or limit the flexibility of the spectrum manager in allowing for new and innovative use of spectrum - some of which may even be currently unused. 

In addition to the WRC, the ITU also holds, at infrequent intervals, Regional Radiocommunication Conferences (RRC).  These conferences are more specific in nature normally focusing on a specific radio service.  One such conference was held in 2006 which developed detailed plans for digital broadcasting in the VHF and UHF broadcast bands. The conference agreement (Final Acts) has the status of an international treaty.    

The overarching international strategy for managing spectrum and minimising the potential for inter​ference is 'band harmonisation' or allocation. This can happen both at global and regional levels. At the global level, the usage of the frequency bands, rights to use them and the agreed rules between countries are determined at the World Radiocommunication Conferences (WRC) of the ITU.  Each WRC produces a document known as the Final Acts which update the Radio Regulations currently in force. The Radio Regulations and the Final Acts have the legal status of international treaties.
The approach to band harmonisation at the global level is relatively generic. Typically the various bands are allocated to either a particular sector or type of use (e.g. aeronautical, marine, broadcasting, mobile, etc), or, as is becoming more prevalent with the increase in demand for spectrum, allowing for two or more sectors or types of uses to share a given band.  The details of the technology that can be used in a particular band are not specified by the ITU Radio Regulations but are decided either at the sectoral level, as in the case of global services such as aviation and marine, or at the regional or national level, as in the case of mobile and broadcasting services. This flexible approach, while avoiding a “one-size-fits-all” solution, does mean that there may be differences between the three regions of the ITU as well as between nations within each region.
3.5.2
European Level 

While the ITU at the global level sets a generic framework for the management and use of the radio spectrum, it is at the European level where significant detail is added.   Traditionally, CEPT, a European grouping of 48 national telecommunications administrations, including all the Member States of the EU, undertook the necessary harmonisation work at the European level.  However in more recent years the European Commission has become involved in spectrum matters.   The main difference between decisions adopted by CEPT and those adopted by the European Commission is in their implementation. European Commission decisions are binding on Member States while the implementation of CEPT decisions is a voluntary matter for national administration to decide. Although the implementation of CEPT decisions is voluntary, Ireland has in most cases implemented them, as they provide a useful framework for spectrum harmonisation.
The remit for the European Commission’s involvement in spectrum matters comes from the Spectrum Decision (676/2002/EC) agreed in 2002 as part of the EU regulatory framework.  This framework is currently being reviewed and a revised framework is likely to come into force in 2009/10.   Proposals from the Commission will impact on how spectrum is managed and the role of the Commission in the development of spectrum policy at the European level (see section 4.5 below).   

3.5.3
Other International Sector Organisations

As indicated above the ITU allocates spectrum to a wide variety of services.  In a number of cases some of the non-ECS services have their own international and regional organisations such as; the International Civil Aviation Organisation (ICAO) and Eurocontrol for aviation; the International Maritime Organisation (IMO) for maritime matters; the World Meteorological Organisation (WMO) and Eumetsat for meteorological & environmental monitoring; and NATO for military matters. Some of these organisations particularly in the aviation, military and meteorological sectors undertake the detailed planning for the use of the spectrum allocated to them at the global level and it is these detailed plans that often determine how those bands are used by a national administration.   

4
Drivers of change in spectrum management
4.1
The need for change

As already stated, the management of spectrum at a national level has, historically, been interventionist, reflecting the need to ensure interference free and equitable access for all users as well as ensuring that national policy objectives are met. Administrations have controlled who uses spectrum, for what purpose and using which technology. The present distribution of spectrum is a product of regulation over many decades. One of the results is that while in one sense there is a severe scarcity in some bands, in that new entrants find it impossible to access spectrum, at the same time spectrum in most areas, at most times of the day, is not used very intensively.  In order to ensure the efficient use of spectrum, a number of countries have undertaken extensive reviews of their spectrum management programmes and have implemented changes. A common finding in these reviews is that traditional methods of spectrum management have often impeded access to spectrum and have been slow to adapt to changes in technology and markets. These countries are now taking steps to evolve from a more prescriptive style of spectrum management, to one that fosters flexibility and relies more heavily on market forces (see section 4.5). 
A wide range of factors - consumer demand, social, cultural and research, technological and regulatory - need to be taken into account in determining how spectrum is managed. 
4.2
Consumer demand factors
Demand for services which use spectrum is substantial already, and its growth is likely to accelerate as a result of consumer demand. An important driver of this demand is convergence. Traditionally, telecommunications applications have been thought of, and regulated, as belonging to separate “families”:
· fixed, using copper wire, cable or fibre to the home or premises, and aimed primarily at peer-to-peer communications; 
· mobile, using the wireless spectrum, again for one-to-one communications, with lower capacity than fixed links but with near-ubiquitous access; and
· broadcasting, a one-way, one-to-many service over cable, satellite or terrestrial platforms.

These separate markets are increasingly converging, in terms of the services and content being delivered. The latest generation of mobile phones can receive and display video material and games and, in the near future, will incorporate digital TV and/or audio receivers. A new variant of the European digital TV standard, DVB-H (Digital Video Broadcasting - Handheld), has been established, and DAB (digital audio broadcasting) has evolved into T-DMB (Terrestrial Digital Multimedia Broadcasting), with both standards optimised for delivery of digital content to small handheld devices such as mobile phones. The UMTS (Universal Mobile Telecommunications Systems) standard also includes a broadcast element, MBMS (Multimedia Broadcast/Multicast Services).

The distinction between fixed and mobile telephony is also becoming blurred. Fixed operators are adding mobile or nomadic aspects to their services (for example, through portable broadband technology such as WiFi and WiMAX), just as mobile operators are seeking to add low-cost calling and broadband to their services. The degree of convergence can range from simple single-billing solutions, where the services remain separate, to converged fixed and mobile end-user devices. The Unlicensed Mobile Access (UMA) standard allows end-users, with a single handset, to access voice services over mobile or fixed broadband networks using VoIP (Voice over Internet Protocol). More and more voice traffic is being carried over mobile networks, while the latest generation of fixed wireless technology has a 3G mobile pedigree, enabling non-line-of-sight connection and enabling portable user terminals to be deployed.

Consumers face an increasing choice of communications options, whether fixed, mobile or broadcast. Demand for mobility is well established, with the huge success of 2G mobile phone technology. The shift in demand from pure voice to voice plus data and, increasingly, video means that applications are more and more bandwidth-hungry. From the regulatory point of view, as the number of options increases, so too does the difficulty of predicting how markets and technologies may develop. Future spectrum management needs built-in flexibility to cope with this uncertainty.
4.3
Social, Cultural, Research factors

There are a number of areas where social, cultural and research related factors influence demand for radio spectrum. Two areas where these factors are particularly relevant are rural broadband access and broadcast services.  Other areas of importance include the availability of spectrum for essential services and for enhancing public services such as transport management and safety initiatives. In addition, spectrum use is important for education, research and encouraging innovation. 

Extending access to broadband and encouraging its take-up, are key aspects of government policy as they are of major strategic importance in accelerating the contribution of ICT to economic growth in all sectors and in eliminating what is commonly referred to as the “digital divide”.  In this regard, wireless technologies are increasingly emerging as attractive alternatives for the coverage of rural and remote areas, where the upgrading of existing infrastructure can be particularly costly. The digitisation of the television network may provide opportunities to extend future broadband availability either using the digital TV platform itself or by making use of some of the UHF spectrum freed up by analogue switch-off to extend broadband access in rural areas  (see section 4.4.1).
The future of sound broadcasting could also be considered.  Although digital audio broadcasting (DAB) has been slower to take off than digital TV, there are signs that a viable market is emerging in some countries.  In the UK, DAB’s success means there is wider choice available to the listener, enabling new niche stations to enter the market and strong local / regional stations to acquire national coverage.  In Ireland, this success has encouraged RTÉ and other content providers to trial DAB. RTÉ has been allocated a DAB multiplex and the BCI will commence the licensing of DAB multiplexes in 2008. 

In relation to access to spectrum for government services, future requirements for the emergency services, security and public safety will also need to be considered.  This includes the upgrading of existing analogue mobile communications services with a transition from analogue to digital platforms, which could lead to the release of existing spectrum in the UHF bands for other uses. 
In the road transport sector, radio spectrum can play a significant role. It enables cost-effective traffic monitoring and toll collection and the distribution of real-time information to public transport users. New safety critical applications of Intelligent Transport Systems (ITS), reliant on use of radio spectrum, are being developed that will enhance road safety, improve traffic management and reduce congestion. For example, a number of European cities now provide real-time information on local bus services, using a combination of vehicle tracking technology and either a private or public mobile radio network to relay the information to bus stops. In the aviation sector, the introduction of data and telemetry, in addition to normal voice communication, is also being considered.
Spectrum is important from an educational, research and recreational perspective.  Spectrum reserved for use by amateurs or for scientific research purposes is vital in helping to ensure an ongoing interest in technology and in furthering our understanding of radio propagation and communications. Spectrum is also vital for innovation purposes so that testing of new technologies for communications, research or for the development of RFID, medical implant devices and other short range devices can be conducted.  Many companies and universities in Ireland use spectrum for development and testing under ComReg’s test-and-trial licensing initiative. These companies have acknowledged that the test-and-trial licensing regime provides opportunities for Irish companies and research institutions that are not available in other European countries.  

4.4
Technological factors

Technology is also driving change in spectrum management. The most fundamental change is the transition from analogue to digital technology and, as a consequence, the ability to have networks capable of carrying a variety of services rather than having a dedicated network for each service. 
4.4.1
Digital Dividend

The switchover from analogue to digital television is expected to free up spectrum for other uses – the “digital dividend”. A key issue in this regard is the roll-out of digital terrestrial television (DTT). Analogue switch-off and the resultant release of valuable UHF spectrum for a range of services will not be possible until DTT has been rolled-out.
The digital dividend is understood to be the available spectrum over and above that required to accommodate the existing analogue television services in a digital form, including current public service requirements. It is expected to be fully available throughout Europe after the complete switch-off of analogue television in 2012.  Ireland has been allocated spectrum in the UHF broadcast band for eight transmission layers (national multiplexes). The Broadcasting (Amendment) Act 2007 reserves at least 5-6 transmission layers for digital broadcasting and includes a provision to allow for more. Six transmission layers equate to around 70-75% of the spectrum in the UHF broadcast band. This would leave 25-30% of the spectrum available in that band for other possible uses.

In deciding on possible uses for the spectrum released following switchover to digital transmission in Ireland, factors such as the best use for such spectrum in terms of added value to society in general, consumer and business needs and meeting the needs for future new developments will be considered, in consultation with stakeholders. Spectrum policy relating to the digital dividend involves balancing the competing demands of different, though converging, sectors and identifying priorities and a way forward prior to switchover.  

There are a number of potential uses for the digital dividend. In broadcasting, these include, more programmes and increased coverage, local television, high definition television, mobile television and data broadcasting. In communications, possible uses include mobile telephony/broadband, broadband access to sparsely populated areas, low-power devices, private mobile radio and emergency service communications. In the overall context of the growing demand for radio spectrum, it is in the public interest that the digital dividend is managed as efficiently as possible and that any obstacles to its efficient use are removed.  

Four perspectives on how technology is driving change in spectrum management are briefly discussed here:
4.4.2
Consumer’s  perspective

The consumer today typically uses a number of different technologies for communications purposes and for accessing media. Phones that are capable of working across multiple bands and that use multiple communications technologies are widespread. For example a tri-band or quad band phone can be used in different continents even though communications systems in different countries often work in different frequency bands.  With one device a consumer can make phones calls, access email, watch TV and listen to music. Overall there is a blurring of strict associations between particular spectrum bands and particular services. Phone calls are not made only using spectrum set aside for mobile phone operators – they can be made using spectrum set aside for WiFi hotspots (using Skype and other such applications) and television is not only transmitted using broadcast spectrum - mobile TV makes it possible to use spectrum set aside for mobile phones for this purpose. 

4.4.3
Spectrum manager’s perspective

There are many suggestions for new spectrum management regimes. Without dwelling on the precise details of these regimes, the point can be made that a number of the regimes demand new technological solutions for their implementation. Suitable technologies are beginning to emerge. For example, radios are now being developed that mostly consist of software and as a result are flexible enough to be used for very many different purposes. These software radios can be controlled by algorithms resulting in what are termed cognitive radios. In simple terms a cognitive radio can be thought of as a radio with a “brain”.  Cognitive radios have the potential to sense the environment in which they are operating, deduce which spectrum is being used and which spectrum is empty and to reconfigure themselves to use the empty spectrum. Other radios which are known as ultra wideband radios “spread” the signal they wish to transmit over a very wide range of frequencies but using a very low power. As a result low-power users can hide in the signals of high powered users and not interfere with them. Cognitive and ultra-wideband radios can allow users to share spectrum and hence lead to new ways of managing spectrum. 
4.4.4
Communications perspective

The previous section described how advanced technology offers the prospect of squeezing more and more efficiency out of existing spectrum bands.  For mass market wireless communications these are generally below 6 GHz at present.  However, there are vast regions of spectrum at higher frequencies that are relatively unused up until now.  Most of the applications in these bands relate to professional or military systems that are relatively high-cost and low-volume. A key impediment to large-scale exploitation of this spectrum to date has been the very high cost of radio components required that must use specialised semiconductor materials. This situation has begun to change rapidly in recent years, as the march of Moore’s Law
 in driving conventional silicon-based circuits to become smaller, has also made them become much faster.  Remarkable progress is now being reported in wireless circuitry up to 100GHz and beyond, offering the prospect of low-cost, mass-market deployment of new bands of spectrum in the not too distant future. However, the use of these higher bands in the mass market will be limited to short distance applications due to their propagation characteristics.   
4.4.5
Earth science perspective 
Earth science uses of spectrum include environmental monitoring, meteorology and radio astronomy. The Earth Exploration Satellite Service is dedicated to the measurement of all phenomena that can affect the earth’s habitat and its environmental quality, including measurements for both research and operational purposes. The use of active and passive radio based sensors removes the need for sunlight and permits penetration of clouds, thus providing night time as well as all-weather coverage.
Observations of the earth’s atmosphere, land areas, and oceans in the radio part of the electromagnetic spectrum have become increasingly important in understanding the earth as an eco-system and space-borne sensors are the only tools that can provide environmental data repetitively on a global scale. This in turn has led to improvements in weather forecasting, severe storm monitoring, resource management such as water and land usage, as well as contributing more accurate data for climate change studies. 
Radio astronomy services use similar techniques in studying the universe. Remote sensing for radio astronomy, as well as for meteorological and environmental monitoring, uses a wide range of frequency bands.  These services are often the first to make use of the higher frequency bands and their pioneering work in technology is often subsequently deployed in the communications sector.    
4.5
Regulatory factors

4.5.1
European Union

The EU has become more involved in spectrum management in recent years. The 2003 European framework for the regulation of electronic communications networks and services extended the European Commission’s remit with respect to spectrum matters. The Authorisation Directive requires national regulators to apply general authorisation regimes (the equivalent of licence exemption) rather than individual licensing, except where there is a risk of harmful interference. 

As outlined in section 3, Ireland’s legal framework for spectrum management is based on the Wireless Telegraphy Act 1926. This legislation needs to be revised to take account of changes arising from new developments in spectrum management as well as technological developments. In addition, the European Commission has published its proposals for the reform of the EU regulatory framework and these will have to be considered in the context of a review of national legislation. 
The Commission has proposed a reform of spectrum management which aims to:

· remove unnecessary restrictions on spectrum use by strengthening the principles of technological neutrality (freedom to use any technology in a spectrum band) and service neutrality (freedom to use any spectrum for any electronic communications service);

· improve access to spectrum by allowing more unlicensed use of spectrum and by ensuring the possibility to transfer exclusive usage rights in agreed bands (secondary trading);

· set up a more efficient and co-ordinated system for authorisation of wireless systems with pan-European potential or with a substantial cross-border dimension.

In its regulatory impact assessment of the review of the regulatory framework, the Commission has stated that the reform of spectrum management is probably the most important area of this review in terms of the potential gains for Europe. The proposals take into account the policy objective to achieve economies of scale, but also the need to avoid harmful interference and the achievement of general interest objectives such as social and regional cohesion, ensuring safety of life, avoiding inefficient spectrum use, and promoting cultural and linguistic diversity and media pluralism.  
4.5.2
International Developments
While national decisions on the allocation of spectrum (which spectrum should be used for which purpose and, sometimes, using which technology), are significantly influenced by decisions taken within the international framework of the ITU, CEPT and by the EU, those relating to the assignment of spectrum (who gets the right to use it) allow for greater flexibility. Administrations can decide on a very prescriptive approach, as has been the case in the past, or a more flexible, technology and service neutral and market-based approach. A number of countries have moved towards deregulating spectrum management by allowing for market-based assignment of spectrum uses. At the same time, new technological developments are enabling different methods of spectrum management, particularly those involving the sharing of spectrum amongst different users, to be considered. Examples of developments in spectrum policy in Canada and the Netherlands are given below to illustrate the change in thinking that is occurring internationally.
Canada

The Canadian administration considers it important to rely on market forces in spectrum management to the maximum extent feasible. This includes aspects such as the removal of barriers to secondary markets for spectrum authorisations (i.e. spectrum trading). However, it recognises that there will also be a need to make spectrum available for a range of services that are in the public interest, but may not be driven by market forces. In particular, spectrum will continue to be made available to meet requirements for sovereignty, security and public safety.  This decision to rely to a greater extent on market forces must be tempered by the continued need for the management of the resource. However regulation, where required, should be minimally intrusive, transparent, efficient and effective. 

The Netherlands

The Dutch Government is of the opinion that future radio spectrum policy should react better to changing market conditions and technological developments than in the past.  The emphasis should be on more flexibility by simplifying existing allocation and assignment procedures and on lowering or removing entry barriers.  The Dutch Government is also of the opinion that users themselves may be given the responsibility to co-ordinate frequency use to a far greater extent than currently.  It will exercise regulatory restraint in its radio spectrum policy where frequencies used for economic activities are concerned. It will also safeguard applications of a public interest nature (such as safety and security, public service broadcasting, meteorology and radio astronomy) in its radio spectrum policy. It considers these tasks so beneficial to society that access to sufficient spectrum for these applications is guaranteed. In this context, the underlying principle is that the assignment of frequencies for public interest tasks should not be more than needed for the exercise of these tasks and will be based on a needs justification plan. As spectrum assigned for public interest tasks will not always be fully used all of the time, the possibility of third-party use of such spectrum will be examined.    

Other Countries
The spectrum management programs of other countries are facing similar challenges to those in Canada and the Netherlands. Countries, such as Australia, the United Kingdom and the United States have undertaken extensive reviews of their spectrum management programs, and are currently implementing changes. A common finding in these reviews is that traditional methods of spectrum management have often impeded access to spectrum and are slow to adapt to changes in technology and markets. As a result of these reviews, these countries are taking steps to evolve from a prescriptive style of spectrum management to an approach that embraces more flexibility and a greater reliance on market forces. More detail on developments in these and other countries can be found at the link below.
Conclusion

It is clear from this brief survey of developments internationally that governments and regulators are adapting a more flexible approach to spectrum management than was previously the case. Given the value of spectrum in terms of the economic and social benefits it brings to society and its contribution to technological innovation, making the right choices for the development of spectrum policy and for the management of this resource is critical. With communications technologies and applications evolving so fast, the allocation and assignment of spectrum needs to be flexible and adaptable. However, in areas where social, cultural, safety and security objectives are paramount, a full market-led approach to spectrum management across all sectors of spectrum use would not be appropriate.  The assignment of spectrum for essential tasks in the field of safety and security and to meet social and cultural objectives must be accommodated. 
International Developments in Spectrum Management
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Future Spectrum policy and the efficient use of spectrum

The radio spectrum influences the daily lives of every Irish citizen and an increasing number of Irish people use wireless communications services. Satellite and radio relay systems extend the reach of communications and broadcasting services and provide the public with choice between competing delivery networks. The radio spectrum also supports critical infrastructure for knowledge-based and other sectors of the economy, both public and private, which are strong drivers of growth and employment, social inclusion and quality of life.  However, with the rapid development of new technologies and applications, radio spectrum is becoming increasingly congested and limited.  As a consequence of the increasing demand for spectrum access across all sectors there is a need to ensure that in formulating a national spectrum policy, a balance is struck between the competing demands for spectrum for commercial activities and spectrum to meet public service, social and cultural activities.  Any review of policy regarding the governance of spectrum and proposals for updating the legislative framework needs to take account of this diverse use of the radio spectrum. 
The efficient use of spectrum, whether for business or public sector use, is an important respon​sibility for spectrum managers. A range of policy approaches is possible, ranging from administrative assignment to market-based methods but, most likely, involving a combination of both.  The debate on the digital switchover and the future use of the digital dividend has focused minds on how to balance market mechanisms with the need to ensure that spectrum is available for services of general interest, while also ensuring its efficient utilisation. 
Based on the economic, technical and regulatory factors outlined in section 4, it is possible to outline the characteristics which a revised system of spectrum management should reflect.
5.1

   Flexibility 
Flexibility means that, wherever possible and appropriate, constraints attached to the usage of specific radio spectrum bands should be removed and spectrum management made more responsive to the markets.  The two terms “technology neutrality” and “service neutrality” encompass flexibility. The need for flexibility arises both nationally and internationally. A lack of flexibility in a licensing regime may require spectrum to be used for a particular electronic communications network or service, even though demand may be higher if used for another electronic communications network or service.  Harmonisation of a frequency band for a particular technology or service (e.g. 3G mobile cellular), while reducing flexibility, can provide certainty for manufacturers and benefits to the consumer through economies of scale for handset manufacture and facilitate services such as roaming.  Consequently, a balance needs to be struck between the need to provide regulatory certainty to the market and flexibility for the encouragement of innovative uses of radio spectrum and the achievement of national public policy objectives.     
 5.2
Ability to deal with increased complexity
As new technologies and services proliferate, it is no longer possible for regulators to predict supply and demand conditions in all sectors. While regulators are well placed to observe and report on current developments, market players generally have more information than regulators about new developments and are better able to send signals about scarcity and abundance through the pricing mechanism. For example, in setting prices for spectrum for mobile services such as GSM and 3G, operators are far better placed than regulators to examine the business case and to determine at what point the price of spectrum would make this unviable. 

5.3
Ability to incentivise the efficient use of spectrum 

If access to spectrum is free, service providers have no incentive to minimise their use of this resource and thereby release it for other possible uses.  Price-based incentives can encourage service providers to behave more efficiently, in their own interests. These incentives can take the form of either direct pricing of the spectrum, or trading.  A spectrum fee will prompt a real examination of requirements and an exploration of options for reducing them.  If the spectrum they hold is made tradable, service providers are faced with the opportunity cost of using spectrum. If they hold on to spectrum that they don’t need, they are forgoing the revenue they might otherwise earn by selling or leasing it.  Incentives of this sort remove some of the burden of deciding the most efficient use from the spectrum manager or regulator, because parties are motivated to act in their own interests while, at the same time, serving the interests of good spectrum management.
5.4
Ability to incentivise innovation

The development of innovative services and applications dependent on spectrum is pivotal in enhancing the economic and social benefits of spectrum to society.  The continued availability of spectrum to enable commercial trials of new applications is central to Ireland’s spectrum management regime. Ireland’s geographic position on the western edge of Europe and low population density provide a key natural advantage in promoting innovation and development of new applications and services for consumers.  This natural advantage, when taken with the rapid evolution of wireless technology, provides Ireland with an excellent opportunity in attracting global developers to choose this country as a test-bed for new product or service concepts. 
5.5       Ability to deal with convergence
In the electronic communications industry convergence between telecommunications and broadcasting, between fixed and mobile and between different services has led to a proliferation of uses and the erosion of traditional boundaries between, for example, spectrum dedicated to fixed and mobile, or mobile and broadcasting uses. In this environment, where broadband is available to laptops, where the same handset can be used for both fixed and mobile applications, and where users are increasingly seeking traditional home entertainment services such as music and television while on the move, the approach to spectrum management needs to incorporate mechanisms that accommodate this convergence.
5.6
Ability to ensure public policy goals are met 
Spectrum management in Ireland must be sufficiently flexible to ensure core public policy goals are met both now and in the future.  This includes ensuring sufficient spectrum is available to meet the ongoing needs of the emergency services, to provide for new and innovative transport initiatives and to meet the needs of broadcasters in ensuring the continued provision of broadcasting services, including in a digital environment.  Spectrum is also vital for educational and recreational purposes and for encouraging innovation, research and development. Building world class expertise in the area of communications technology is in line with national policy of developing a knowledge-based economy.  The ability to carry out cutting-edge research in Ireland, in our own industries and universities as well as through attracting foreign companies and researchers to come here for this purpose, is vital in building such expertise. Access to spectrum for research and innovation is an essential part of this process.
6
Proposed principles for spectrum policy
Based on a consideration of the matters raised in this paper, the following core principles for spectrum policy are proposed:
1.  Spectrum Management should be dynamic and responsive to stakeholders needs

The regulatory framework for spectrum should:

· Foster competition, growth and innovation in the use of spectrum.
· Promote flexible, open and responsive management of spectrum.
· Provide clarity and certainty to stakeholders and the general public regarding spectrum usage.
· Take account of the national policy objectives for those sectors that are dependent on spectrum.
· Take account of developments in spectrum management in the international environment, such as the ITU at the global level and the European Union and CEPT at the European level. 
· Take account of the opportunities for collaboration on a North-South basis. 
2.  Access to spectrum should be easy 
· Regulations on access to spectrum should accord with the principles of Better Regulation.
· In authorising the right to use spectrum, the approach adopted should be appropriate for the uses/sectors under consideration.  
· Market mechanisms may be appropriate where the use of spectrum is directly subject to market forces (e.g. provision of electronic communications services).
· Where the use of spectrum is not subject to market forces or is required for the provision of security, social, cultural objectives, other mechanisms may be more appropriate.
3.  Electronic communications services for consumers

Where the use of spectrum is intended to provide a consumer service:

· Consumers should be able to connect radio equipment and telecommunications terminal equipment of their choice (provided that these comply with relevant standards) to any network.

· Consumers should be able to access and distribute any lawful content and use any lawful applications and/or services of their choice.

· The emergence of a range of commercial network access models should be encouraged.

4.  Clarity on rights and access to spectrum.

In line with best practice, there should be clear rules on, inter alia:

· The rights and obligations of spectrum users, including:

· Licence duration and position regarding renewal of licence.
· Rights and obligations regarding change of use of the spectrum (flexibility & neutrality).
· Rights and obligations concerning interference. 
· Trading rights. 
· The rights and obligations of the State, including:

· Rights to charge for licenses.
· Right to place conditions on the use of spectrum.
· Rights to change licence conditions.
· Rights to withdraw licences and recover spectrum, if necessary.
· Obligations concerning monitoring and enforcement of spectrum use.
· Rights to lay down trading rules and to limit over-concentration of spectrum.
· Procedures for how to apply for spectrum for new and innovative services.
· How access to the spectrum is determined (first-come, first-served, auction etc).
Safeguards should also be provided against the over-concentration of spectrum in the hands of established operators that would prevent new entrants from acquiring spectrum.

5.  Promoting research and innovation
Access to spectrum is an essential prerequisite for research and innovation in wireless technologies.  Spectrum policy should promote competitiveness, encourage research and innovation and facilitate international unique experimentation in Ireland. For example, the test-and-trial regime for new wireless technologies and services should continue to be developed so as to maintain responsiveness to the industry’s R&D requirements and the development of services for end users.

6.  Technology & Service Neutrality

Taking account of national policy objectives and provided that the associated electronic communications network complies with the relevant technical obligations related to spectrum:   
· Technology and service neutrality should be promoted, where relevant. 

· The bands in which the principle of technology and service neutrality will or will not be applicable should be specified.
· Any limitations on applying the principle of technology and service neutrality in any given band should be specified.

7.  Efficient use of spectrum

In assessing the efficient use of spectrum the focus should not be on economic factors alone.   Social and policy objectives also need to be considered.

· The parameters used to assess efficiency should be appropriate for the use/sector involved as well as the current state of technology development for that use/sector.

· A balance should be struck between efficient use, flexibility/technology neutrality and promoting innovative development.

· There is a need to balance the benefits of flexibility of use with benefits of harmonised use taking account of meeting the public good and international obligations.

· Spectrum pricing should be used to promote the efficient use of spectrum for commercial purposes, where it is congested.

8.  Spectrum pricing should deliver a fair return to the State

The spectrum is a finite natural resource that enables the provision of essential services for both public service and commercial purposes. The price of spectrum to the user should reflect its economic value to that user. Spectrum pricing is made up of two components - the cost of administering/managing the spectrum and the cost of leasing the spectrum.
· All users should contribute to the cost of administering/managing the spectrum.
· The State should get a fair return for the use of this natural resource for commercial purposes.

9.  Monitoring and enforcement

Liberalising the way spectrum is managed and used increases the potential for interference to arise.

· The approach to monitoring and enforcement should be regularly reviewed so as to be able to respond to any interference issues that may arise within a liberalised spectrum management environment.

Consultation questions
The following questions should be answered for each of the principles listed above.

1.  Do you agree that the principles listed should underpin the future management of spectrum in Ireland? 
If you disagree, please state your reasons.
2.   Are there other principles that you think should be considered? 

If so, please state them and your reasons for doing so. 
3.  In respect of each of the principles listed, are there other issues that should be considered in the context of that principle?  

If so, please state them.

4.  Do you have any other comments that the Department should consider in the development of a national spectrum policy?
Next Steps

Following consideration of comments and inputs to the consultation on this report, a policy paper, setting out the principles for the future management of spectrum in Ireland will be published by the Minister for Communications, Energy and Natural Resources.  Any necessary legislation to give effect to these principles will be prepared and published subsequently. 
Appendix
Department of Communications, Energy & Natural Resources

Working Group on Spectrum Policy
Background

Irish Spectrum Policy is primarily set out in the Wireless Telegraphy Act 1926 and in various amendments to that act, enacted since then. Our legislative framework also incorporates EU requirements on spectrum. We are also obliged to abide by other international obligations in this area: this involves ensuring that spectrum policy is aligned with international obligations in regard to frequency allocation and that spectrum policy is compatible with EU obligations. 

Radio Spectrum is a key enabler to support the achievement of broad economic, social, cultural and emergency service objectives. Its use cuts across a number of sectors including, inter alia, communications, broadcasting, public safety, R&D etc.

The environment in regard to radio spectrum has changed significantly since the 1926 legislation was enacted and for this reason it is now timely to review spectrum policy. The purpose of the Working Group is to set out broad principles on spectrum policy which could provide the core of proposed new Radio Communications legislation.

The Working Group’s overarching objective is to devise a set of principles which supports a spectrum management framework that contributes to the achievement of social, economic, cultural and emergency planning objectives in those sectors where spectrum is a key enabler.

The Working Group will operate according to the principles of Better Regulation.

Terms of Reference
· To formulate spectrum policy in order to provide clarity in the management of the spectrum framework.

· To reflect international best practice in spectrum management, compatible with policy objectives.

· To ensure that the North/ South dimension is reflected in spectrum policy.

· To ensure that spectrum policy allows for the pursuit of social, cultural and public service activities.

· To ensure that the spectrum framework is flexible and is managed so as to incentivise innovation particularly in the development of services for end users

· To ensure that spectrum policy supports national competitiveness and, in particular, promotes Ireland as an R&D location.

· To ensure that the Exchequer obtains a fair and equitable return from the usage of this resource.

· To develop a set of guiding principles for the future management of spectrum. 











































































































































































� COM(2005) 229


� Agence Nationale des Fréquences – the French spectrum management authority.





� Office of Communications - the independent regulator and competition authority for the UK communications industries.


� Based on the opening address by Chris Chapman to the inaugural ACMA Radiocommunications Conference 2006.





� Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions: Reaping the full benefits of the digital dividend in Europe: A common approach to the use of the spectrum released by the digital switchover - COM (2007) 700 final - 13 November 2007.





� Available at � HYPERLINK "http://www.comreg.ie/_fileupload/publications/ComReg0820.pdf" ��http://www.comreg.ie/_fileupload/publications/ComReg0820.pdf�





� See Ofcom, “The Communications Market 2007”, 23 August 2007, p. 54





� “Wireless Communications: An Area of Opportunity for Ireland”, http://www.forfas.ie


� CTVR is a virtual research centre comprising researchers from Irish universities, research institutes and industrial partners.  See www.ctvr.ie


� See www.ieee-dyspan.org/2008/.


� In a radio regulatory and policy context the terms “allocation” and “assignment” have the following very specific meanings.


 Allocation (of a frequency band): Entry in the Table of Frequency Allocations of a given frequency band for the purpose of its use by one or more terrestrial or space radiocommunication services or the radio astronomy service under specified conditions.  This term shall also be applied to the frequency band concerned.


Assignment (of a radio-frequency or radio-frequency channel): Authorisation given by an administration for a radio station to use a radio-frequency or radio-frequency channel under specified conditions.


�  Directives 2002/21/EC (Framework Directive) and 2002/20/EC (Authorisation Directive).


�  The 2002 EU regulatory framework is currently under review.  See section 4.5.1.


� Moore's Law describes an important trend in the history of computer hardware, namely, that the number of transistors that can be inexpensively placed on an integrated circuit is doubling approximately every two years. 


� Source: Spectrum Policy Framework for Canada published by Industry Canada, June 2007. 


� Radio Spectrum Policy Memorandum 2005 published by Ministry of Economic Affairs, the Netherlands, February 2006.
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