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	SUMMARY

	This paper contains a set of high-level strategic objectives focussed on ensuring spectrum requirements are fully met for currently deployed systems and those under development, together with a set of generic principles and practices designed to support the long-term sustainability of aeronautical spectrum to meet all potential future needs in a changing environmen. 


1. INTRODUCTION

1.1 The availability of suitable radio spectrum is essential to the viability of the €2.4 Trillion global aviation industry. Without sufficient (and appropriate) spectrum, aviation’s needs for Communications, Navigation and Surveillance (CNS) systems cannot be met. CNS systems are fundamental enablers for meeting the global demand for safe, efficient and cost-effective air transport. However, spectrum is a scarce and finite natural resource, and it is clear that aviation spectrum allocations are under a global threat from other sectors that are seeking additional spectrum allocations. For this reason, it is vital that the aviation industry can demonstrate good governance and efficient use of spectrum allocated for aeronautical use..
2. DISCUSSION

2.1 A long-term spectrum vision and a robust, clearly defined spectrum strategy, with effective supporting management processes, is essential for achieving good governance, and also for minimising the impacts of spectrum shortages and alleviating challenges from other industries.
2.2 The civil aviation spectrum strategy and vision aim is to secure the long-term availability of suitable radio spectrum to meet all of Europe's future objectives for aviation through cooperative engagement in the global spectrum environment.

3. ACTION BY THE MEETING

3.1 The meeting is invited to:

a) note and review the contents of this working paper;

b) support and agree to further develop the proposed civil aviation spectrum strategy and vision for its inclusin in the ICAO Doc 9718 – Handbook on Radio Frequency Spectrum Requirements for Civil Aviation – Volume I
1 Civil Aviation Spectrum Strategy and Vision
The availability of suitable radio spectrum is essential for meeting the global demand for safe, efficient and cost-effective air transport, particularly for enabling the provision of CNS. However, spectrum is a scarce and finite natural resource, and it is clear that aviation spectrum is under a global threat from other sectors that are seeking additional spectrum allocations. For this reason, it is vital that the aviation industry can demonstrate good governance and efficient use of aeronautical spectrum.

Spectrum management is the process of ensuring the availability of appropriately protected spectrum and the development and regulation of the use of radio frequencies to support aviation’s operational and technical requirements. Assignment and use of spectrum is a sovereign issue within a State, and State radio administrations will remain responsible for spectrum policy and regulation.

However, unless aeronautical spectrum management evolves on a more coordinated basis, there is a risk that demand will continue to increase at a greater rate than that at which additional spectrum becomes available. Therefore, to prevent the potential lack of availability of sufficient spectrum becoming a serious risk to aviation modernisation, aviation stakeholders will need to work more cooperatively and proactively in sustaining aeronautical spectrum needs and demonstrating efficiency in the use of allocated spectrum.

Mindful of the above, and recognising the need for global interoperability in aviation, a long-term spectrum vision has been developed to support efforts to realise a more cooperative approach for, and effective governance of, spectrum management. In addition, a spectrum strategy has been devised to ensure that the vision can be realised.

This aeronautical spectrum strategy and vision aims to establish the spectrum sustainability to deliver the overall aviation development objectives, by supporting future operational concepts. In addition, the strategy is designed to support the Future Long-term Air Traffic Management (ATM) concept, Infrastructure, Technologies and operational Environment (FLITE) research that will take aviation into the 2050-2070 timeframe and will develop ATM future concepts deployment (e.g. Flight Path 2050 (FP2050)).

The overall aim of the spectrum strategy and vision is:

"To secure the long-term availability of suitable radio spectrum to meet all of Aviation's future objectives through cooperative engagement in the global spectrum environment."

1.1 Approach

The 2013-2028 time frame covered by the high-level plans for civil aviation is too short to deliver a strategy that aims to support the overall long-term spectrum needs of the aviation sector. Currently, typical system development cycles far exceed this time frame. Although it should be an objective to reduce development lead times, these will often be in the order of 20-25 years from concept to initial deployment, and so a strategy and vision needs to support the entire in-service phase making provision for traffic growth, incremental development and operational evolution etc. Innovative CNS systems may also need to consider integration timescale issues in relation to conceptual airframe designs.

The role of the spectrum strategy and vision is not only to address the future spectrum needs for aviation but also to set out the means by which these will be delivered. This necessitates the development and implementation of processes and engagement strategies, and the identification of the resources necessary to deliver them.

To achieve continual improvement, delivery of aeronautical spectrum management will need to be significantly enhanced compared to today’s practices. However, an aviation spectrum strategy and management plan can only be delivered through engagement within global and regional institutional frameworks. The strategy must also be aligned with the ICAO position, be designed to support the Global Air Navigation Plan (GANP) and support the necessary aeronautical spectrum allocations into the International Telecommunication Union (ITU) Radio Regulations. Any consequential requirements for a change to the Radio Regulations will have to be addressed through the normal ITU processes and potential opposition from other industries. Wholesale changes to existing institutional arrangements are not envisaged but, through adoption of the strategic principles highlighted in this document, aviation can accrue significant benefit.
The key areas for improvement that the spectrum strategy and vision seek to address are:

· Addressing spectrum constraints, in particular those that may impede the delivery of Aviation modernisation;

· Development of improved organisational structures;

· Application of performance based principles;

· Designing for improvement in spectrum performance;

· Developing best practices, performance targets and supporting tools.

Therefore, the spectrum strategy and vision:

· Creates a long-term vision of how aviation spectrum management should be conducted;
· Sets out a high level strategy for what needs to be implemented to achieve the long-term vision;
· Describes an environment in which aviation stakeholders can work collectively within global spectrum management arrangements to achieve their spectrum needs;
· Describes the steps that should be taken to ensure the delivery of the spectrum strategy, including processes and best practices that promote efficient use of spectrum by European aviation stakeholders;
· Creates a framework that will deliver benefits to aviation and enables the sector to react effectively to external influences in a changing external spectrum environment.
1.2 Assumptions

The following assumptions have been made when devising the spectrum strategy and vision:

· Aeronautical spectrum allocations will continue to be under significant pressure for the foreseeable future;
· New spectrum allocations for aviation use in frequency bands not already allocated to aeronautical services are unlikely to be made available and, in order to meet evolving spectrum requirements, aviation will be expected to look first at frequency bands that already contain aeronautical allocations;
· The assignment and use of spectrum within a State will remain a sovereign issue and voting rights at ITU World Radiocommunication Conferences will remain only with Member States;
· Detailed band-by-band spectrum needs to support aviation modernisation deployment cannot be specified until a holistic CNS & Spectrum (CNS&S) strategy has been developed.
2 Overview of Aeronautical Spectrum Policy

2.1 Institutional arrangements
Due to the international nature of civil aviation operations, any strategy must address global interoperability as well as regional-specific safety, capacity and access issues. Consequently, the Aviation spectrum strategy and vision set out in this document is designed to be fully aligned with the strategic and operational objectives of aviation as set out in the ICAO GANP, the European Regional Air Navigation Plan and the SESAR ATM Master Plan.
Furthermore, whilst fully recognising the importance of the global air transport network and its socio-economic impact, the civil aviation spectrum strategy is designed to be as inclusive as reasonably possible in terms of enabling access to all airspace users in a safe and integrated manner and by recognising that common technical solutions for all users may not always be the optimum approach. In this way, civil aviation will speak with one voice when striving for access to suitable radio spectrum to meet all its needs.

2.2 Strategic objectives for aviation

ICAO and its Member States set strategic objectives in support of its ongoing mission to support the global air transport network. The high-level strategy is reviewed and revised periodically. For the current period, 2014-2016, there are five strategic objectives that can be summarised as follows:

· Safety: to enhance global civil aviation safety in line with the Global Aviation Safety Plan (GASP);

· Air Navigation Capacity and Efficiency: to increase capacity and improve the efficiency of the global civil aviation system through focussing on upgrading air navigation and aerodrome infrastructure and developing new procedures;

· Security & Facilitation: to enhance global civil aviation security and facilitation;

· Economic Development of Air Transport: to foster the development of a sound and economically-viable civil aviation system;

· Environmental Protection: to minimise the environmental impact of civil aviation activities.

In general, the ICAO and national aviation strategies tend to focus on the air transport (scheduled aviation) sector. However, it is clearly essential in the development of a strategy to include all aviation stakeholders, particularly when considering access to shared resources such as the radio spectrum. These include such elements as the military, emergency services, general aviation and sporting and recreational flyers as well as their supporting industries and service providers.
2.3 Relationship of spectrum to the strategic objectives for aviation

2.3.1 General

To effectively meet operational needs, aeronautical systems require spectrum allocations that deliver the most appropriate propagation characteristics. These characteristics also make these allocations attractive to other sectors, which, due to increasing consumer demand, seek additional spectrum. Many of these, such as International Mobile Telecommunications (IMT), are global industries delivering significant economic benefits that are well understood by governments. The potential revenues for such sectors are often directly quantifiable in terms of their overall spectrum bandwidth allocation.

Radio spectrum is just one of the essential elements required for the provision of international commercial aviation. However, unlike other sectors, there is no direct relationship between aviation revenue and bandwidth. Conversely, the lack of sufficient suitable spectrum will have a severe negative impact on the viability of the sector. For this reason, the approach to quantifying the cost-benefit of aviation spectrum bandwidth is a particular challenge. 

Availability of aeronautical spectrum is not a goal in itself but is an essential enabler for the delivery of a modernised global aviation capability. Whilst it is clear that the availability of suitable radio spectrum is essential to meet the needs of aviation, there are also numerous other drivers that need to be factored into the strategy for delivering aviation's long-term needs. Along with the safety imperative, cost is very high on this list. It is necessary for aviation to strike the right balance between having sufficient spectrum resources to meet all their future aspirations and delivering safe, affordable solutions. Thus, the optimum solution to meet a specific need will not always be able to provide optimum spectrum efficiency. However, full, proper and timely consideration of spectrum as an integral part of aviation's long-term strategy and vision, underpinned by efficient spectrum management, will ensure that spectrum utilisation is optimised.

The purpose of the ICAO GANP is to steer improvements in commercial air transport. The GANP is a rolling strategic plan that currently covers the period 2013–2028. It seeks to maximise the benefits of existing technologies and anticipates the deployment of future developments as agreed by the ICAO States and industry. The GANP sets out the Aviation System Block Upgrades (ASBU) required to support ICAO’s strategic operational objectives. These are set out in five-year time increments starting in 2013.

In the context of spectrum, the GANP states that a long-term strategy for establishing and promoting the ICAO position for ITU WRCs was adopted by the ICAO Council in 2001 (Resolution A38-6). The Resolution prescribes the development and implementation of a comprehensive aviation frequency spectrum strategy, developed in consultation with all ICAO Member States and relevant international organisations. The policy is applicable to all frequency bands used for aeronautical safety applications. An overall policy and a set of individual policy statements for each aviation frequency band is contained in Chapter 7 of the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation (Doc 9718), both of which are updated after each WRC. 

2.3.2 Safety objective

Spectrum is essential in creating the environment for system performance and is, therefore, a vital element in meeting the safety objectives determined in the GASP.

2.3.3 Capacity and efficiency objective

The objective of the GANP is to increase capacity and improve efficiency of the global civil aviation system whilst improving or at least maintaining safety.
2.3.4 Economic development objective

The GANP recognises that the implementation of air navigation measures, including those identified in the ASBUs, can require significant investment of finite resources by ICAO Regions, States and the aviation community but these are outweighed by the net contribution of aviation to the global economy. In the future, spectrum strategy, and its supporting spectrum management practices, has the potential to make a positive impact on the cost-benefits and economic development of aviation.

2.3.5 Environmental protection objective

The GANP recognises that, through the introduction of enhanced procedures supported by improved technology, the impact of aviation on the environment can be reduced. For example, continuous descent operations can deliver significant fuel savings and facilitate noise reduction, and continuous climb operations will permit the aircraft to operate at the optimum flight level to improve fuel efficiency and minimise carbon emissions. Spectrum availability must not constrain the ability to deliver these objectives. 

3 Strategic Objectives for Aeronautical Spectrum

3.1 Meeting aviation's expectations

Spectrum is fundamental in delivering the technical capability to meet operational requirements. As such, the criticality of its characteristics to ensure the technical capability to enable safety and operational effectiveness must not be underestimated.

The aeronautical spectrum allocations that have supported the industry for many decades are a subset of the global institutional arrangements and, as such, are influenced by, and also influence, the overall spectrum environment. In outlining a spectrum strategy, aviation must set out the objectives for the provision of spectrum for the future in a way which clearly defines the requirements whilst allowing the sector to react to a changing global environment.

Aviation has traditionally expected spectrum to be available to meet technical and operational requirements from within the ITU allocations and in accordance with ICAO policy. As a consequence, there has been an assumption and perception within the sector that once the operational and technical requirements had been established, the provision of supporting spectrum would naturally follow. Additionally, aviation had in the past justified the safeguarding of spectrum on the basis of safety alone, but the changing nature of spectrum management now requires an evidence-based approach.

Spectrum has come under increasing pressure as demand has grown to satisfy radiocommunication requirements and as technology has advanced. Aeronautical systems utilise frequency bands that are attractive to many users due to their propagation characteristics and benefits in equipment design. Consequently, competition is severe and each ITU/WRC cycle sees increasing requirements for new allocations to meet industry and societal demands for improved communications and new applications. Spectrum availability is now a key issue, and potentially a critical constraint, to delivering innovation and growth in all sectors. This has resulted in significant economic pressure on radio regulators and governments to ensure spectrum can be managed in a way that can adapt to meeting these changing needs.

Aviation, as a global spectrum manager and user, must ensure that it has access to suitably protected spectrum to meet safety requirements and create an environment in which technical functionality can meet the required operational performance. However, it must achieve this in a way that is consistent with the global spectrum management environment. It is aviation’s collective responsibility to ensure it can demonstrate strong governance and effective management of spectrum use.

3.2 Spectrum objectives

Clearly defined spectrum objectives are key to meeting the global demand for safe, efficient and cost-effective aviation, particularly in ensuring that operational requirements and technical functionality of CNS systems can be delivered. Without listing the specific technical characteristics for each CNS system, it is possible to determine those generic features that underpin aviation’s spectrum requirements. These are discussed in the following sub-paragraphs.

3.2.1 Global allocations for interoperability

ICAO, through its Annexes to the Chicago Convention, publishes Standards and Recommended Practices (SARPs), in particular Annex 10, which determines CNS compliance and interoperability on a global basis. In order to achieve the technical interoperability, which is necessary to deliver safety and operational functionality wherever the aircraft and its related ground systems are operating, it is essential that the supporting spectrum allocations are standardised on a global basis. Failure to meet this basic requirement would result in an inability to meet a standardised approach and would require aircraft to carry additional equipment for safe operations in different regions. In addition to cost and complexity issues, such an approach would also have a negative impact on the environment due to increased fuel burn necessary to carry the additional equipment and could constrain optimised routing.

In addition to global allocations, safety and integrity for existing and currently planned systems can only be assured to a common standard if the same and appropriate level of protection is also afforded on a global basis. Different standards would undermine the level of assurance necessary to ensure a consistent safety and operational standard.

3.2.2 Availability and integrity of signal in space

The development of performance requirements for CNS systems, whether they are for air-to-air, air-to-ground, or for standalone use within an airframe, must be based on an expectation that the supporting spectrum will be available for a reasonable period of time relative to the planned lifetime of the system. In addition, the signal-in-space must meet the necessary integrity requirements to ensure the related systems perform in accordance with the appropriate standards. Without this certainty, there is a risk that the credibility of the supporting safety case will not be met. To ensure this can be determined and delivered, it is essential that system requirements clearly identify the performance criteria so that this element can be tested and evidence provided to fulfil the necessary levels of assurance.

3.2.3 Interference-free environment

It is a reality that interference will always be present and it would be unrealistic for aviation to consider that a totally interference free environment is a pre-requisite for safe and efficient operations. In this context it is essential that aeronautical systems are capable of performing in an environment of permissible interference created by legitimate spectrum use in accordance with the published regulatory requirements. To achieve this, interference protection limits need to be established and specified for each system. Spectrum managers will have to ensure that, in meeting spectrum requirements, the interference level within the relevant operating environment does not degrade the safety and performance requirements determined within the certification requirements of any system. In essence, the spectrum environment must ensure a system performance can be delivered to meet a specific operational requirement. Furthermore, systems operating in aeronautical bands must be resilient in the face of changes in adjacent bands. Designers need to recognise that there will be inevitable changes in use in those adjacent bands and aviation systems need, within reasonable limits, to be capable of maintaining performance in an evolving environment. 

In the requirements definition and development of any new aeronautical system, it will be necessary for the system specification to take into account both the existing spectrum environment for the allocated bands where it is intended to operate and the possibility that allocations in the adjacent bands may be changed. Aviation cannot impose additional requirements on adjacent band users that are operating within the legitimate limits set by radio regulators when the aviation system was introduced. Consequently, system design must ensure this is taken into account at the earliest stage in any development programme.

3.2.4 Potential for future growth

Processes and practices need to be in place to address how spectrum requirements to support new technologies will be established. Aviation, as a sector, cannot presume to gain additional spectrum through the ITU/WRC process to meet new requirements. Spectrum, as a finite entity, has to serve the requirements of all global needs and, whilst new allocations could be pursued where there are no other options to meet critical and high priority requirements, it should be recognised that this would meet with robust challenge and may not achieve success.

In considering the spectrum requirements for new systems or applications, the initial assumption should be made that the supporting allocation will need to come from within existing aeronautical spectrum. 

3.3 Supporting safety objectives

The need to achieve a safe operating environment with the appropriate levels of assurance to meet signal in space limits and availability has already been stated above. Through the certification and approvals processes, the spectrum requirements, in terms of determining the necessary levels of protection to allow the performance and function of aviation systems to meet the operational requirements must be clearly determined. This will contribute to an evidence-based approach that is open and transparent in demonstrating the providence of any requirements, and it will support negotiation and participation in the ITU regulatory process.

A lack of evidence concerning the performance and protection needs of aeronautical systems has in the past caused compatibility risks. For example, the release of adjacent spectrum at 2.6 GHz for mobile communications caused significant issues with the performance of Primary Surveillance Radar (PSR). To minimise such risks and maintain the level of assurance necessary to support safety management of aviation systems, compatibility criteria with supporting justification must be available for all systems. This data must be in a releasable form to allow spectrum managers to protect aeronautical spectrum from potential interference when considering changes in use, particularly in bands adjacent to aeronautical allocations.

3.4 Supporting environmental objectives

Although the use of aeronautical spectrum is not an environmental issue, aviation is under close scrutiny concerning its environmental behaviours and credentials. The industry strives to deliver better performance, whilst reducing environmental impact, through noise reduction arising from improved navigational performance, and reducing track miles flown with less fuel burn and consequently less CO2 emissions. The principles within the civil aviation spectrum strategy must ensure that the use of spectrum does not unnecessarily or unacceptably place constraints on the technology developments to address these issues.

As Europe and many parts of the world seek to address environment and energy issues through the increased deployment of renewable energy sources, there is a key issue arising from the conflict between wind turbines and the use of PSR, and potentially other systems such as VOR. Due to the potential generation of unwanted clutter from turbines, which can lead to the loss of target detection and tracking, there is a need to seek compromise between safety and operational requirements in aviation and targets for delivering renewable energy. It is possible that new, or different, surveillance technologies will emerge that can overcome this incompatibility. Possibilities include Multi-Static Primary Surveillance Radar (MSPSR) and higher frequency networked radar sensors. It is also possible that more than one option will emerge, each with its own strengths and each having different spectrum requirements. As the requirements for new systems begin to emerge, suitable spectrum may need to be identified assuming that those systems are going to be adopted as part of the global ATM system. Spectrum has a key role in solving this conflict by supporting and encouraging emerging technologies and different techniques, which ultimately benefit both aviation and the wider society.

3.5 Addressing cost objectives

Spectrum use and the implications of how it is managed is a significant factor in determining costs and cost-benefits within aviation. In applying strategic principles, spectrum management has to be closely engaged with technology, application and system development to ensure that the spectrum cost impact is minimised. In particular, it should not constrain cost-effective technology development in delivering real cost and operational benefits. Furthermore, clear principles need to be set in how obsolescence and decommissioning is addressed as new systems and applications are introduced. 

In determining the implementation of systems in new allocations from within existing aeronautical spectrum, transitional arrangements need to be clearly set out at an early stage to help expedite the introduction into service and the realisation of benefits from the new application. Although spectrum pricing is not yet widely implemented, it is already a reality for some aeronautical spectrum users where authorities seek to achieve greater efficiency across all sectors without consideration of specific needs. Consequently, this factor needs to be addressed within programmes to ensure that coordinated and harmonised approaches to managing technology, operational use and spectrum does not unreasonably or unjustifiably add to the cost burden for the industry. Furthermore, as spectrum management is reformed, nationally and regionally, to deliver greater efficiency across all sectors, aviation needs to be proactively engaged to identify and capitalise on any opportunities that arise, and which can directly benefit the industry in developing technologies that offer greater spectrum efficiency. 

Essentially, the principle is one of ensuring that aviation spectrum management contributes positively to overall cost benefit. However, it must be clear that whilst cost is a key factor to be considered, it cannot override operational requirements and safety. 

3.6 Delivering spectrum requirements to support global and regional strategic plans

3.6.1 ICAO Spectrum Strategy Objectives

The ICAO high-level strategy statement published in the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation, Doc 9718 Volume I contains eight objectives as follows, which are consistent with the 12th Air Navigation Conference recommendation 1/12 – "Development of the aeronautical frequency spectrum resource":

· To secure the continuing availability of adequate radio frequency spectrum to support the current and planned aeronautical CNS infrastructure requirements as laid out in the Global GANP and in the regional air navigation plans;

· To enable the advancement of technological innovation to maintain and enhance the safety of the global air transport system as well as increased efficiency in spectrum utilisation;

· To ensure that proposals for new or modified allocations must be supported by sharing studies on the use of frequency bands by aviation and take full account of the possible impact on the aeronautical safety case; these studies need to encompass the total technical, operational and economic aspects of aeronautical system use;

· To conduct ICAO studies on the compatibility of ICAO standard systems with other existing or planned ICAO standard systems;

· To support the ITU studies on the compatibility of ICAO standard systems with non-ICAO standard systems;

· To oppose proposals for new or modified allocations that place undue or unreasonable constraints on the continued use of current aeronautical CNS systems or affect the safety of aviation;

· To support efficient use of the frequency bands allocated to relevant aeronautical services by developing globally harmonised terrestrial-system frequency assignment planning criteria and a global frequency assignment plan in support of the ICAO GANP, whilst recognising that the actual use of spectrum by aviation may vary between different Regions where different system requirements and corresponding spectrum requirements exist;

· To ensure that aeronautical CNS systems providing safety-of-life services to aviation operate in frequency bands that are properly allocated for use by aviation, with the objective of operating in spectrum allocated to an appropriate aeronautical safety service, and suitably protected from harmful interference that can be caused by other systems using the same or nearby frequency bands.

3.6.2 Addressing differences and anomalies between plans

In taking forward the GANP and delivering the ASBU modules, a coordinated and synchronised approach will be key in delivering benefits. However, regional differences in spectrum management may lead to challenges in ensuring that the necessary spectrum, even from within existing aeronautical allocations, is available to mirror the agreed requirements. Failure to achieve this will hamper technical deployment and risks extending transition periods with resulting complications over duplication of functionality. It will be essential that close coordination is maintained throughout ASBU and regional deployment plans to ensure that regional spectrum management processes can be coordinated to deliver the common requirement. This will require continuous monitoring to ensure that regional diversion does not detract from the overall objectives, as this could have a costly and damaging impact on delivering benefits.

3.7 Meeting the needs of other users

3.7.1 State Aircraft

The military is a direct projection of authority from States, is fully funded by States and, while it may operate in alliances with other countries (e.g. through the North Atlantic Treaty Organisation (NATO)), it still remains a wholly national matter. A major challenge is to ensure interoperability with civil ATM requirements.

The main tasks of military aviation in peacetime will remain airspace policing, training and deployment. Airspace policing, utilising an effective surveillance infrastructure, requires the ability to intercept civil and military aircraft while safely operating in the operational environment of civil air traffic. Training missions are conducted to practice airspace policing and wartime mission profiles, as well as to practice deployment of resources. Training scenarios generally seek to achieve as realistic a scenario as can be achieved to replicate operations whilst maintaining safe interoperability with other airspace users. In addition to specific military profiles, military aircraft, particularly transport type aircraft, also routinely fly as General Air Traffic within the civil ATM structure during training and deployment missions. However, like their civilian counterparts, whatever the military mission being conducted they are enabled by CNS systems. These CNS systems are employed for solely military functions and also for interoperability with the civil ATM system. Moreover, like their civilian counterparts, these military CNS systems are highly dependent on the availability of suitable spectrum, and this spectrum must be protected from harmful interference. Key areas of spectrum requirements for the military will remain as follows:

· Spectrum for voice and data exchanges in the aeronautical bands, both for purely military purposes and for interoperability with civil ATM;

· Spectrum for radionavigation and radiolocation systems, such as cooperative and non-cooperative radars, used for airspace policing, target acquisition and engagement, search and rescue, military ATM, and collision avoidance. Military surveillance systems may also be passive or active, relying on signals of opportunity from other CNS users or dedicated military transmitters;

· Spectrum for systems reliant on satellite position and timing, used for navigation, surveillance, communications.

Military operations utilise systems that operate in a varied spectrum environment. Whilst certain specific systems operate in dedicated bands reserved for military use, others, through historic development, and custom and practice, operate in shared bands with civilian users. In aviation, this is key to creating a safe and flexible operating environment to achieve interoperability. In addition, there are several examples of where military systems operate in a coordinated and managed sharing arrangement with civil system use – prime examples are the use of the Distance Measuring Equipment (DME) band 960-1215 MHz to support Joint Tactical Information Distribution System (JTIDS) operations and the co-existence of military Interrogation Friend or Foe (IFF) systems with civil Secondary Surveillance Radar (SSR) at 1030/1090 MHz. The majority of these situations are based on long-standing and carefully managed arrangements that define criteria and constraints in order to enable operational co-existence.

However, military integration does present additional challenges for military authorities in terms of equipment carriage and multi-role functionality (e.g. increasing use of RPAS). Consequently, there is a need to consider integration on the basis of equivalence, whereby military authorities demonstrate compliance with requirements through the functionality already contained within military equipment. Although this has obvious benefits, it does present a significant issue in spectrum management where the military equipment is supported by spectrum with differing protection criteria to that required for the civilian counterpart system. The spectrum management principles should not prevent such potential solutions but need to set out the evidence and testing required to ensure that, if military equivalence is to be adopted, the appropriate assurance to maintain safety and operational benefit is given. Furthermore, military equivalence has to be managed in a way that does not impose additional and unreasonable cost and operational implications on other airspace users.

There is also a need for early engagement between military planners, developers and spectrum managers to ensure that compatibility issues relating to the employment of defence systems are addressed early on in programme development.

In developing a spectrum action plan to deliver the strategy, aviation spectrum managers will also need to take into account the following:

· Military aviation training, deployment and operations within the overall ATM and airspace structure;

· Military technology developments and their impact on ATM systems and supporting spectrum, e.g. impact of aircraft construction materials on surveillance performance;

· Military procurement cycles and how spectrum efficiency measures will impact on future military requirements and systems;

· In-service life-cycles for military systems;

· Impact of legacy systems and how they will be affected by liberalisation and rationalisation of spectrum.

· The need for a consistent approach to facilitate military defence spectrum needs, including coordinated spectrum and frequency management arrangements;

· Opportunities for enhanced civil and military spectrum sharing and planning arrangements.

The military impact on aeronautical spectrum use is significant and every step will need to be taken to ensure a cohesive and cooperative approach by both civil and military spectrum authorities and managers.

3.7.2 General aviation (GA)

In taking forward a spectrum strategy, the GA requirements need to be addressed. In controlled airspace, a known environment is fundamental to maintaining a safe and effective operating requirement. In these cases, interoperability is essential, and this generally requires commonality of equipment, standards and spectrum. Conversely, when operating outside the route structure and outside of controlled airspace, there are certain aspects in technical functionality that can be considered differently; a key example being the use of FLARM by the gliding community to enhance situational awareness utilising unlicensed public spectrum. 

GA use of spectrum will undoubtedly remain an area of challenging debate given the diversity in complexity and the level of interoperability required. At one extreme is recreational flying, where the sole piece of technology integration may be met through a hand-held transceiver, and even that is not always mandatory, through to a fully airways equipped twin-engine aircraft which can be integrated within the ATM infrastructure. In the latter case the spectrum issues are straight forward and no different from those that face Air Navigation Service Providers (ANSPs) and commercial operators where the GA operator has to comply with the appropriate standards, regulatory requirements and recommended practices to be safely integrated. However, the debate needs to take place on whether, in airspace of lower complexity and less traffic density, requirements for safe operations can be met through the use of more innovative, and potentially more cost effective, systems with less stringent certification requirements and utilising non-aeronautical spectrum. For some aspects, such as VHF communication where interoperability is fundamental and the GA use is a factor in satisfying demand, interoperability should not be an issue and GA compliance with new standards such as 8.33 kHz channel separation is key to meeting the overall aviation requirement. However, GA use of other spectrum to meet their specific needs in a non-safety critical scenario, for example, to meet communication requirements between themselves, could offer significant benefits and would potentially enhance safety in a particular group by assisting more affordable participation. In addition, this would reduce pressure on aeronautical spectrum.

From the perspective of this strategy, it is important that authorities and spectrum managers take into account the GA related issues and ensure their requirements are considered appropriately. However, the wider debate over CNS integration and scalability relative to airspace complexity and density needs to be resolved to provide clearer direction and the impact on aeronautical spectrum as an entity.

The future aspirations of GA, in particular the sporting and recreation sectors, must be addressed in the delivery of the spectrum strategy. These users have specific spectrum needs that may differ from scheduled aviation. Typically, equipage costs and safety are crucial factors, whereas efficiency of flight is of lower priority. Regulatory measures in support of spectrum, such as equipment carriage requirement mandates, need to be focussed and proportionate.

In order to support the long-term needs of GA, innovative engineering will be required to develop targeted low-cost system solutions that have an extended life. The spectrum elements affecting the development of such solutions must be considered prior to embarking on development.

In specific cases, there may be a need to find funding mechanisms to allow take-up of new technologies in return for relinquishing spectrum. The spectrum cost models will allow these options to be explored.

In general, policy makers, regulators and commercial airspace users have a lower level of knowledge about the overall spectrum needs of the sporting and recreational aviation sector. Mechanisms should be set up to determine, and possibly measure, the sector's spectrum access requirements. This will enable their needs to be factored into the overall spectrum utilisation model.

To enable equitable access to airspace, there needs to be a minimum level of interoperability between all airspace users in terms of communications, navigation and surveillance. This does not necessarily mean that common systems have to be deployed on all types of airframe or that all types of airframe need to be certified to the same standard. Equipage requirements should be established using risk-based criteria and it should be noted that there are cases where ground infrastructure can be used as the conduit between a GA and scheduled aviation system to deliver the appropriate level of interoperability - for example, the use of Traffic Information Service-Broadcast (TIS-B) and Flight Information Service-Broadcast (FIS-B) in the US.

3.7.3 Supporting RPAS deployment

Although deployment of RPAS is still at an embryonic stage in relation to civil operations, there has been significant development and implementation from a military perspective. Although RPAS need to be treated as any other type of air vehicle, their method of operation presents significant challenges for their integration into ATM and the shared airspace infrastructure. As a consequence, the integration of on-board systems, and the communication, command and control link to the remotely based pilot, the use of sense and avoid and on-board surveillance and navigation in the event of lost link all present differing needs, which have a direct impact on the supporting spectrum requirements. Although suitably protected spectrum will be used to support many common functions, the availability and integrity of suitably protected spectrum to support the communications links is a key issue, particularly in respect of satellite communications. The situation has been further complicated by the use of defence spectrum to support military functionality in RPAS deployment, thereby raising expectations that similar approaches might be used in a civil context. ITU/WRC 15 will, again, address RPAS spectrum allocations and, consequently, its decision will determine the way forward. However, spectrum managers need to determine a way forward with RPAS programme managers, airspace planners and approval/certification managers to define operational performance requirements and the spectrum supportability to allow technical functionality to be delivered in accordance with safety and interoperability imperatives.

3.8 Meeting Governments' needs

3.8.1 Socio-economic

The civil aviation spectrum strategy must recognise the compromises that governments and regional authorities face in balancing the requirements and needs of all sectors and applications in society. On one hand, aviation is a significant and direct contributor to economies in its own right and as an enabler to many other industry sectors. From a societal perspective, it also provides a key element in the transport infrastructure and meets citizens' desires and opportunities to travel. However, governments also face significant challenges to meet society’s demand for innovation and increasing use of communications and social media, which also create rapid economic benefit.

In delivering the spectrum element of aviation’s overall long term plans, a holistic approach needs to be considered so that aviation can maintain a proactive engagement and present the detail and understanding of its requirements based on evidence. This will enable the industry to present its case to make a positive contribution to the political debate.

3.8.2 Environmental

The role spectrum has in supporting aviation’s aim to implement technologies that minimise adverse impacts, will be key in helping governments meet their environmental goals. The contribution made by innovation in surveillance to overcome the effects of wind turbines, particularly in respect of non-cooperative surveillance, is a key example of how aviation can make a significant contribution to a government’s holistic approach to meeting societal needs. However, the true potential in this field will only be delivered if aviation’s spectrum management can adapt and support the innovation required to find technology solutions.
4 Vision for the Future of Aviation Spectrum

4.1 General

The overall goal for the future of aeronautical spectrum and aeronautical spectrum management is to ensure the perpetual availability of spectrum through continual improvement in practices and processes. To achieve this goal, the civil aviation spectrum vision focuses on the future that the aviation sector wishes to create for itself over an extended time frame.

Whilst recognising that there must be a strong drive towards reduced development cycles, the spectrum vision looks beyond those systems already in development, towards the needs of conceptual systems. It should not be constrained by the timescales and technologies of existing strategic plans but should be developed on the expectation that existing aeronautical spectrum allocations will be under permanent pressure from other sectors and that new spectrum for aviation use is unlikely to be made available. This indicates a need to set out a vision looking 40 years hence.

4.2 Vision statements
The civil aviation spectrum vision is as follows:

· Agreed Spectrum Strategy - civil aviation shall have a single, agreed spectrum strategy that is under continual development, and which is employed to create a sustainable environment for spectrum efficient aeronautical systems;
· Improved Collaboration - Enhanced processes between aviation stakeholders shall be deployed for identifying, analysing, coordinating and promoting aviation's spectrum needs in a collaborative manner. Through such collaboration, opportunities to maximise the effectiveness of existing aeronautical spectrum allocations and opportunities to share spectrum shall be fully explored and understood;
· Long-Term View - Aviation shall take a longer-term view of aeronautical spectrum requirements, i.e. FP 2050. This shall not be constrained by the timescales and technologies of existing strategic plans;
· Holistic CNS&S Approach - A holistic CNS&S approach, taking into account any CNS&S strategy that is subsequently developed, shall be deployed as follows:

· An inter-discipline approach shall be taken to development, deployment and removal of aeronautical systems;

· Development of spectrally efficient CNS systems shall be promoted to minimise the demand for additional spectrum to support future aviation growth;

· Withdrawal of obsolete and redundant systems shall be promoted in compliance with the future deployment programme.

· Financial Decision-making - Spectrum impacts shall be included within aviation's financial decision-making processes:

· Ensuring cost effective technological evolutions;

· Minimising the impact and timescales of technological transitions.

4.3 Agreed spectrum strategy

Realising a long-term vision requires a strategy and an associated plan of action to deliver the strategy.

civil aviation needs to adopt a single spectrum strategy, which has been agreed by national representation under specified collaborative arrangements. This strategy should set out the high-level principles to be applied in ICAO States spectrum management, including process improvements and interactions required to ensure that the necessary spectrum for current and planned CNS systems is secured and maintained. Such an agreed strategy should also be under continual development.

4.4 Improved collaboration

Identifying net spectrum requirements entails the collaboration of a broad range of aviation expertise:

· Strategic policy makers to provide a full understanding of aviation operational strategic requirements, and what and when particular capabilities and operational improvements are required;

· CNS developers to gain a full understanding of system performance targets;

· Spectrum experts to identify the impact on spectrum requirements through compatibility and capacity studies. In fact, these studies are likely to trigger an iterative process between developers and spectrum experts, and this is a further reason for initiating this interaction at an early stage.

Additionally, disparate aviation functions need to be fully appraised of the bigger picture and not work in isolation. In this way, opportunities to maximise the effectiveness of existing aeronautical spectrum allocations and opportunities to share spectrum will be fully explored and understood, whilst assisting the identification and mitigation of risks around potential single points of failure. These opportunities are generally driven by the system design but must take into consideration related spectrum issues if they are to be exploited through deployment. 

Corralling aeronautical spectrum managers, frequency managers, the Network Manager, CNS policy makers and developers, deployment managers, aviation economists etc. to collaborate within a world wide team. Promoting to Governments and radio regulators that aviation runs an efficient and robust spectrum management regime will also help to seal support in obtaining and retaining its future spectrum needs. In an environment where resource constraints and dilution of critical expertise can have an adverse impact, improved collaboration within aviation can provide an effective mitigation of direct benefit to the sector.

4.5 Longer-term view

There must be a focus on the future that the aviation sector wishes to create for itself over the maximum realisable period and harmonised to deliver the long-term operational needs. This long-term view, by necessity, must be robust but sufficiently flexible to accommodate the constantly evolving needs of the sector. Whilst recognising that there must be a strong drive towards reduced development cycles, the spectrum vision looks beyond those systems already in development, towards the needs of conceptual systems. This indicates a need to set out a vision looking 40 years hence.

It is envisaged that the collaborative project to research the future ATM system far beyond the end of the current SESAR and NextGen timeframe (i.e. FLITE), will provide the necessary inputs for the development of future concepts under the FP 2050 programme and identify the, currently unknown, spectrum requirements that will be required to support the future functional system architecture.

In general, the spectrum vision will be applicable to all new developments. To the maximum extent possible, it is set out to support spectrum requirements for conceptual CNS systems beyond the timeline of existing strategic programmes. As the level of certainty will be diminished as the time line extends, the civil aviation spectrum vision focuses more on generic principles rather than addressing the needs of specific equipment types and systems.

4.6 Holistic CNS&S approach

A major element of spectrum management is to provide the necessary support to the identification and promotion of systematic improvements designed to deliver greater spectrum flexibility and efficiency. Communications, navigation and surveillance all require spectrum and often share a common spectrum "sweet-spot" (i.e. their systems have characteristics that require spectrum with identical or similar propagation properties). It is not appropriate for dedicated teams operating in isolation to identify their own spectrum needs because their assumptions and actions may unwittingly impact on other teams deliverables. Similarly, other teams might impact on their spectrum needs without their knowing. 

For new systems, through the application of holistic arrangements, it will be possible to deliver spectrum efficiency in parallel with meeting the aspirations of CNS designers. Early identification of frequency band options, system bandwidth requirements and compatibility criteria will enable the identification and resolution of spectrum factors external to the programme. In this way, the associated spectrum-related risks can be mitigated and optimum choices for spectrum efficiency can be promoted for incorporation into the system design.

Therefore, there is a need for early, effective internal aviation engagement with all responsible parties in the development of a holistic CNS&S strategy, which does not currently exist. Such a strategy is the ultimate key to maximising spectrum usage and availability, and it will strengthen aviation's position when dealing with regulatory authorities.

4.7 Spectrum impacts in financial decision-making

In understanding the impact of spectrum on revenue, aviation is in a different position from many other sectors. Many commercial sectors, for example mobile communications, are able to demonstrate to Governments and shareholders that there is a direct relationship between available bandwidth and potential revenues. This situation is likely to prevail at least in the medium term until potential demand is satisfied, and this is an encouragement for these sectors to invest massive resources in the pursuit of additional spectrum.

For aviation
, the relationship between bandwidth and revenue is indirect. In general, making available additional spectrum will not deliver increased revenue. However, failure to make available sufficient spectrum will have a huge impact on aviation and its global economic revenues, which lie in the order of €2,4 Trillion per annum.
5 Civil aviation High-Level Spectrum Strategy

5.1 Spectrum strategy objectives

There are many inter-relationships between the high-level spectrum strategy objectives. These objectives should be considered in their entirety, as adherence to only one or some objectives will not necessarily guarantee optimum results.

5.1.1 Civil aviation spectrum management approach

Whilst remaining a sovereign responsibility, aeronautical spectrum management shall be delivered as follows:

· Harmonised aeronautical spectrum policies shall be developed, which must be aimed at fulfilling the requirements of the ICAO regional deployment plans and meeting the needs of all airspace users including military and general aviation;
· Extended time-frames, which are beyond the limits of existing strategic programmes, shall be employed for identifying aeronautical spectrum requirements for conceptual and embryonic CNS systems;
· There shall be coordinated world wide participation by aviation in the ITU and WRC regulatory process;
· There shall be proactive engagement of aeronautical spectrum management stakeholders in ITU and regional spectrum working groups, and for contributions to compatibility studies. (It is essential that aviation makes available sufficient resources to engage in the work of the ITU and in other regional and wider global arrangements by continuing to contribute the Common Aeronautical Position and other related inputs)
· There shall be proactive engagement in ICAO forums, including enhanced approaches to compatibility studies, and holistic deployment strategies;

· There shall be proactive engagement with governments and policy makers in promoting aeronautical spectrum requirements.
5.1.2 CNS systems development

CNS systems development and aeronautical spectrum requirements shall become intrinsically linked through the following:

· Spectrum shall be included as a fundamental component within aviation's strategic programmes;
· A through-life approach shall be taken to spectrum requirements, i.e. early internal engagement between all responsible parties coupled with an extended time frame beyond that of current strategic programmes;
· Close collaboration between CNS teams, the deployment manager and spectrum experts during the development and deployment of CNS systems shall be ensured;
· A performance-based approach shall be taken to align spectrum with the functional needs of aviation systems and applications; (Note: It is essential from the outset that aviation has an evidence-based approach for developing its spectrum needs and that greater clarity and evidence are provided for its future spectrum requirements. This becomes self-justifying and can help to minimise conflict with other spectrum users)
· CNS system capabilities shall be developed that maximise spectrum utilisation.
5.1.3 Financial decision-making

There shall be closer links between aeronautical spectrum and financial considerations through the following:

· Spectrum impacts shall be included in aviation's financial decision making process as a matter of course;
· CNS systems shall be rationalised through the application of incentivisation programmes or, where essential, regulatory measures;
· It shall be ensured that the aviation spectrum strategy does not place financial burdens on the aviation industry.

5.2 Supporting principles

In applying and further developing the high-level spectrum strategy, the following principles shall be applied.

5.2.1 Spectrum management

It shall be ensured that aviation is best prepared to achieve its spectrum objectives. Specifically:

· It shall be ensured that the civil aviation community develops and enacts robust spectrum management processes and has collaborative approaches for delivering continual spectrum improvement;
· When addressing spectrum management issues, the prime objective shall be to ensure that outcomes fulfil the necessary aviation safety objectives. In delivering this objective, requirements for Safety of Life protection shall be reviewed to analyse the implications of continued use of protected spectrum and to examine whether other opportunities can be exploited in the best interests of aviation;
· A body of evidence shall be developed that allows aviation to demonstrate to governments and decision makers that aviation operates an efficient and robust spectrum management regime and that it is open to engagement;
· It shall be ensured that aviation provides clear and traceable evidence in support of any given position. In the context of compatibility studies, having available essential system performance characteristics is indispensable to achieving a positive outcome;
· Aviation shall present a holistic approach in its proactive engagement with governments and regional authorities to facilitate the industry's positive contribution to the broader socio‑economic benefits;
· Aviation shall identify options for liberalising access to spectrum. Delivering this objective will require a means of identifying the necessary technical criteria, gathering supporting evidence and developing access arrangements and regulatory criteria with non-aviation users;
· In cases where resources are limited, risk assessments based on the commercial attractiveness of specific aeronautical frequency bands shall be conducted and thereafter aviation resources shall be focussed accordingly;
· Continuing engagement with military users shall be maintained to ensure a coordinated approach to spectrum management. It should be ensured that suitable institutional arrangements are in place for facilitating this interaction;
· Consideration shall be given to the application of scalable standards in relation to meeting GA requirements for system interoperability and the impact on spectrum management. This shall be considered in conjunction with airspace and CNS planners and safety experts.

5.2.2 Spectrum access

Consideration shall be given to the global spectrum environment when setting spectrum policy. Specifically:

· When engaging with other sectors, aviation shall not presume to impose additional requirements on adjacent band users that are operating within the legitimate limits set through regulation;
· Aviation shall proactively engage in spectrum release and management liberalisation work streams by governments, radio regulators and regional authorities to ensure any opportunities are explored that may benefit the industry;
· It shall be ensured that the spectrum needs of military users are fully considered. To deliver this objective, work shall be undertaken with the military authorities to identify and determine relevant criteria and standards to address the application of military equivalence in meeting compliance requirements in relation to spectrum;
· It shall be ensured that access to spectrum does not create unnecessary constraints on technological developments aimed at addressing the environmental impact of aviation.

5.2.3 Spectrum efficiency

Capabilities shall be developed that maximise spectrum utilisation. Specifically:

· In future system development, consideration shall be given for the need to improve spectrum efficiency;
· In future system development, care shall be taken to avoid technical features that potentially inhibit spectrum efficiency;
· In specifying new systems or applications, consideration shall be given to ensuring resilience to interference from other systems operating in the same or adjacent bands.
5.2.4 Processes

It shall be ensured that spectrum matters are included as an integral part of aviation's development. In particular, the general principles and specific processes set out in the following sub-paragraphs shall be applied. In respect of processes, detailed procedures shall be established though approved collaborative arrangements building on existing structures.

5.2.4.1 General principles

The following general principles for processes shall be applied:

· Integrated processes and practices shall be established to address how spectrum requirements to support new technologies will be established. These processes should ensure early, effective internal aviation engagement with all responsible parties in the development of a holistic CNS&S strategy;
· A performance-based approach shall be taken to developing the processes and procedural changes required to align spectrum with the functional needs of aviation systems and applications;
· Processes shall be put in place to ensure access to the spectrum required for delivery of global and European strategic programmes;
· At the outset of a development programme, a through-life approach shall be used. This approach shall ensure that transition planning for the phasing-in of new technology/system commensurate with the phasing-out of existing systems is achieved;
· System rationalisation and decommissioning shall ensure that redundant systems do not impinge on spectrum resources.

5.2.4.2 System development processes

The following system development processes shall be applied:

· In specifying new systems or applications, the spectrum impact shall be considered from the outset;
· In defining and developing new systems or applications, the existing and anticipated spectrum environment shall be taken into account;
· In considering the spectrum requirements for new systems or applications, it shall be presumed that the supporting frequency allocation will come from within existing aeronautical spectrum and that aviation will not gain additional spectrum allocations to meet new requirements;
· When considering future systems, the ultimate aim shall be to develop spectrum-agnostic CNS systems that are fully interoperable in the global environment.

5.2.4.3 Standards and specifications

The following principles in relation to standards and specifications shall be applied:

· System and equipment standards and specifications shall be developed to include the necessary performance criteria to conduct ITU and internal aviation spectrum compatibility studies. Particular attention shall be given to the receiver performance requirements;
· Particular attention shall be given to specifying spectrum requirements when addressing innovative aviation functions and capabilities. In this context, the spectrum requirements to support the deployment of RPAS in un-segregated airspace shall be carefully established through inclusive engagement of aviation stakeholders. 

5.2.5 Financial principles

Spectrum impacts shall be taken into account within financial decision making as follows:

· It shall be ensured that the aviation spectrum strategy does not place additional financial burdens on the aviation industry;
· It shall be ensured that sufficient resources, including the provision of R&D funding, are made available to eliminate the risk of having insufficient spectrum resources to meet current and future commercial demands;
· When assessing options for delivering improved spectrum efficiency or utilisation, the cost of delivering those improvements shall be set against the cost-benefits for aviation;
· When considering the options for, and costs of, reducing spectrum usage, the potential cost-benefits shall be considered. These shall include the potential to reduce spectrum charges, where applicable, and the potential to increase revenues by facilitating early or wider spectrum access for other aeronautical technologies;
· Consideration shall be given to the cost-benefits of initiating incentivisation programmes that deliver spectrum to facilitate early adoption of new systems and applications. 
5.2.6 Knowledge

It shall be ensured that aviation has the requisite knowledge to support its aeronautical spectrum policy through the following:

· At the earliest opportunity in the development cycle, system performance criteria shall be made available such that the necessary availability and integrity of the signal-in-space can be assured and the optimum allocation can be determined;
· At the earliest opportunity in the development cycle, system compatibility and protection requirements shall be made available to ensure the spectrum allocation can provide the environment where technical functionality can support the operational requirement;
· Methods shall be put in place for deriving the spectrum performance of aeronautical systems, with a view to setting improvement targets for future generations of technology;
· Material shall be made available to support aviation authorities to effectively manage the resources available to them, to ensure effective and proactive representation is maintained in the international spectrum management forums;
· Best practice processes and procedures shall be developed to ensure effective and consistent consideration of spectrum issues within the development of aviation policies, plans and technology developments;
· Aviation shall maintain an open and transparent approach to managing data in relation spectrum management to ensure that credible evidence to support spectrum requirements is readily available. It shall be noted that security and commercial aspects will still have to be protected.

6 Delivering the Spectrum Strategy and Vision

6.1 Overview
The key action steps for delivering the civil aviation spectrum strategy and vision are as follows:

· Use of a centralised aviation spectrum management panel (FSMP);
· Promotion of the aviation position through proactive engagement, transparency and an evidence-based approach;
· Deployment of plans and processes to identify and target risks and threats to aeronautical spectrum;
· Coordinated lobbying of regulatory authorities;
· Development, maintenance and use of a spectrum consumption plan;
· Delivery and application of best practices, targets and Key Performance Indicators (KPIs);
· Deployment of spectrum management tools;
· Implementation of a collaborative CNS&S approach;
· Adoption and continual development of a band-by-band action plan;
· Use of financial tools and mechanisms to support aeronautical spectrum management.
6.2 FSMP
It is important to ensure that the available resources for aviation are not spread too thinly and that they are properly focussed. Civil aviation can reduce the cost of this activity by developing a collaborative centralised engagement plan. This may be achieved through sequential processes that are reviewed and amended on a cyclical basis as follows:

· Identification of spectrum issues that potentially impact aviation;

· Agreeing a common Civil aviation position;

· Setting priorities and identifying the necessary resource for achieving objectives;

· Identification of the institutional bodies and relevant forums with which to engage;

· Allocation of resources (matching expertise to issues).

The key responsibilities of the aviation spectrum management group would be:

· Coordination of the civil aviation spectrum strategy;

· Coordinated support to WRC preparation including the production and dissemination to States of the Common Aeronautical Position;

· Coordination with ICAO CNS panels to ensure consistency with the objectives of the GANP on spectrum matters;

· Development of aviation spectrum practices and principles;

· Provision of expert support to States on spectrum matters;

· Provision of evidence-gathering to support compatibility studies and the development of standards;

· Development of a communications plan to lobby budget holders and regulatory authorities;
· Development and maintenance of best practices;

· Development of support tools;

· Provision of resources to ensure effective representation in regional and global forums;

· Review, expand and adopt the band-by-band policy statements.

6.3 Promoting the aviation position through proactive engagement

The manner in which aviation conducts itself has a significant impact on the potential to achieve its strategic goals for spectrum. It is important to demonstrate to potential spectrum competitors that aviation runs an efficient and robust spectrum management regime and that it is open to engagement. This needs to be conducted against the background of what aviation achieves and what it contributes to the global economy and society in general. 

More importantly, it is essential to present strong cases when lobbying the decision-makers themselves, i.e. the governments and regulatory authorities that, ultimately, decide on global and regional spectrum allocations. The key to achieving this objective is to have in place the processes to ensure availability of information and ensure robust strategic planning at a regional and global level. 

6.3.1 Changing perceptions

When engaging with other sectors and presenting aviation’s case, for example within ITU and regional working groups, credibility can be gained by demonstrating that aviation is a responsible spectrum user and manager that operates robust, evidence-based spectrum and frequency management processes. Approachability and transparency in dealings with other sectors will deliver mutual benefits to all. 

6.3.1.1 Improved collaboration

Collaboration with other spectrum users for the mutual benefit of all parties already takes place, particularly when engaging in compatibility studies. Whilst robustly representing aviation's long-term needs, it is also necessary to be receptive to external improvement proposals rather than seeking defensive measures to avoid them. Where they are necessary, it is essential that arguments are based on solid and demonstrable facts and it must be ensured that aviation does not take an overly defensive position – e.g. make excessively conservative technical assumptions. Resistance to collaboration, and failing to engage in a proactive manner, runs the risk of sending the wrong messages to spectrum policy makers to the potential long-term detriment of aviation.

6.3.1.2 Increased transparency

To the extent possible, there are benefits in making specific information on internal processes more widely available, and these significantly outweigh the risks. Hiding information on internal processes is seen as defensive and implies systematic weaknesses. If there are concerns about revealing gaps and weaknesses in existing processes, these must be highlighted and resolved within aviation for the benefit of aviation regardless of external factors.

6.3.1.3 Forward-thinking approach

Through wider awareness of strategic programmes, such as the ASBUs and SESAR deployment, aviation has the opportunity to demonstrate a forward-thinking attitude towards its own long-term plans and aspirations.

6.3.2 Demonstrating that aviation is a responsible and efficient consumer

Through the ongoing development and application of a spectrum strategy, aviation will be in a position to demonstrate that it is a responsible and efficient consumer of spectrum. This will be delivered through the following.

6.3.2.1 Evidence-based approach

Aviation must make sure that it provides sufficient clarity in the supporting evidence for any given position. In the context of compatibility studies, having available the essential system performance characteristics is indispensable. However, there are gaps and anomalies in this data that must be addressed now. Consequently, arrangements should be made to derive the necessary data for each aeronautical system and make them available for the use of aviation stakeholders in addressing spectrum objectives. 

Allied to the provision of data for compatibility studies is the need to agree what data is essential, what form it should take and what common approaches can be derived and agreed for its use. This conversation should be held internally within aviation, and, where appropriate, its outcomes and recommendations should be promoted to the wider spectrum community.

6.3.2.2 Robust frequency management regime

There is already a thriving aeronautical frequency management process within the European region. It develops and enacts robust frequency management processes and has collaborative approaches for delivering continual improvement. The procedures and arrangements underpinning the frequency management process should be cited as supporting evidence for demonstrating efficient spectrum usage and improvement mechanisms.

Aviation frequency management operates a set of best practices aimed largely at maximising spectrum utilisation within frequency bands currently allocated to aviation services. Evidence of the application of these practices provides a strong defence against external threats to aeronautical spectrum and claims that aviation does not manage its spectrum allocations efficiently.

6.3.2.3 Spectrum improvement plan

To demonstrate efficiency and to identify options for further optimisation of use, it is necessary to be able to describe aviation spectrum usage in a consistent way. This needs a suitable technical approach, which may vary depending upon the types of system being examined. Existing ITU methodologies such as Rec. ITU-R SM.1046-2, Definition of spectrum use and efficiency of a radio system, may provide some context but are unlikely to be sufficient to meet aviation's needs. Therefore, aviation should seek to derive a suitable set of methodologies for deriving spectrum efficiency, and then use these to set the utilisation baseline. 

Having a formal means of establishing spectrum utilisation metrics and setting baselines will enable a long-term spectrum improvement plan to be derived. The improvement plan can be used as a target when assessing options for the development of new aeronautical technologies.
6.4 Addressing and managing risks

6.4.1 Types of risk

A risk can be defined as a potential event that may create a negative impact on aviation spectrum requirements. In order to understand what events constitute a risk, and to manage them in a positive and proactive manner, there must be an understanding of the relationship between the potential threat and its impact on aviation requirements. Threats may arise from systems operating in the same spectrum or from those operating in the adjacent bands. In both cases, the impact of these threats may arise at virtually any stage in the life-cycle of an aeronautical system, and in certain cases they can affect more than one system simultaneously. To mitigate such risks, aviation needs to have early awareness of their potential existence and, thereafter, work in concert to deal with them.

Risks can be administrative, technical or a combination of both:

· Administrative risks to spectrum access arise as a result of failing to obtain the necessary support within the regulatory process from governments, radio administrations, regulatory authorities and regional bodies such as CEPT. This threat applies both to the retention of existing global/regional spectrum allocations and to gaining new ones;
· Risks to operational usage can arise as the result of failing to make suitable provision for compatibility with other existing or planned radio systems. This is largely a technical issue that can be triggered either by failing to adequately respond to a change in the conditions under which other sectors use spectrum or through not giving adequate consideration to the impact of changes in aviation's own systems.

6.4.2 External threats

In providing spectrum to meet its needs, aviation starts from a position of strength because it already has access to global aeronautical spectrum allocations that, with good planning and governance, should be sufficient to satisfy currently foreseen future needs. However, the technical qualities (i.e. propagation characteristics, wavelength and management) of much of the spectrum in use by aviation today will remain in considerable demand by other sectors, and this threat needs to be managed.

Negative, defensive strategies alone are not sufficient to alleviate this threat - aviation must have to hand all the requisite information and arguments to support its position and a clear view of its needs going forward. Assuming “ownership” of the spectrum and over-utilising or exaggerating aviation specific factors, such as safety and security, will work to the detriment of aviation in the longer term. Providing greater clarity and evidence of aviation spectrum usage will enable aviation to take a proactive approach in the defence of its current allocations. Taking an evidence-based approach for identifying and promoting spectrum requirements at the outset of any new aeronautical developments will maximise the likelihood of delivering them.

Effort is required to minimise, or ideally avoid, the situation where unexpected threats from outside of the aviation sector are not identified until the cost of resolution becomes significant. As this requires both financial and manpower resources, it is essential to promote a coordinated world wide approach in order that the returns from the use of limited resources can deliver the maximum benefit.

Identification of all potential threats prior to initiating new aviation system developments is not always possible because threats can arise during the latter stages of development or, during the in-service life of an aeronautical system. For example, the global allocation of bands below 2690 MHz for IMT (e.g. 4G Long-Term Evolution (LTE)) had a major impact on the performance of medium range aeronautical PSRs operating in the adjacent band 2700-2900 MHz. A key causal factor was poor selectivity in the radar receiver front-end and the subsequent resolution through a retrospective remediation solution loaded significant costs on aviation. Had the problem been identified earlier, suitable mitigation for the radar could have been designed-in. Whilst it may not always be possible to eliminate such threats, it is possible to minimise their impact through forward-thinking and thoughtful equipment design.

It should be borne in mind that certain technologies, which have the potential to interfere with aeronautical services if not correctly implemented, fall outside of the remit of the ITU (e.g. wireline communications). National and regional collaboration, through a single aviation spectrum management function, should be sought to ensure such risks are mitigated.

6.4.3 Internal risks

Risks from within aviation itself will not occur if proper communication and holistic processes are put in place. Such procedures should ensure that, in all cases, potential issues are identified and resolved prior to them becoming an operational threat.

6.4.4 Prioritising risk areas

As previously noted, some parts of the radio spectrum are more attractive than others to competing sectors due to technical and cost reasons, such as radio propagation characteristics, design criteria/constraints, and equipment size etc. Consequently, the risk to current and planned aviation systems tends to increase if that system occupies a more attractive frequency band. The risk can also increase if care is not taken when funnelling several aviation technologies into a single band, as a single threat could impact several services.

Where resources are limited, it is often of value to conduct risk assessments based on the commercial attractiveness of specific aeronautical frequency bands, and then focus aviation resources accordingly. Similarly, the potential risks of employing certain frequency bands for new technologies should be given consideration during the pre-R&D concept phase.

6.5 Lobbying regulatory authorities

Accurate requirements capture is a prerequisite for presenting a strong and coherent case to Governments and radio administrations for seeking, or more probably retaining, global/regional spectrum allocations. Equally important is an assessment of the impact on aviation should these allocations not be made available. Care must be taken to make a strong evidence-based case whilst not exaggerating the likely impacts of loss of capability. Socio-economic impacts are the area most likely to be of interest to governments, so these should be given high priority.

When lobbying regulators and decision makers, making use of aviation's high-level strategic plans – global, regional and national – is paramount in presenting a case. Therefore, aviation should collaborate internally through a central spectrum management function to ensure that suitably targeted briefing material, in clear, concise and plain language, is developed and made available for this purpose.

6.6 Development of best practices, targets and KPIs

Best practices, improvement targets and performance indicators should be developed and employed as follows to ensure spectrum efficiency measures are fully addressed:

Improving the spectrum efficiency of aeronautical systems and avoiding re-using inefficient technical attributes of existing systems in new developments;

Recommendations for promoting efficiency measures that have spectrum connotations;

Balancing spectrum improvement against cost;

Enabling effective resource management and maximising the use of spectrum and CNS expertise;

Assisting CNS teams in balancing their resources between improvement programmes and future replacement systems;

Improving the resilience of aeronautical equipment to harmful interference;

Ensuring equipment spectrum elements are suitably specified and standardised;

Optimising band packing and exploiting under-used spectrum.

6.6.1 Developing best practices

The availability of a set of best practices will promote a common approach to meeting aviation's spectrum objectives. These should not only act as guidelines for ensuring that the spectrum needs for future developments are met, but also as a means to promoting and, where applicable, measuring conformance. It is proposed that the body responsible for the delivery of the aviation spectrum management function should be charged with the development and maintenance of the best practices, and that these would be subject to approval by participating States.

6.6.1.1 General guidelines

General guidelines for the development and maintenance of Best Practices are as follows:

· Best practices should be developed in consultation with all affected stakeholders under pre‑agreed and published Collaborative Decision-Making arrangements;

· Best Practices should be subject to continual development, expansion and improvement;

· Best Practices should be reviewed routinely by the designated body at periods not exceeding 1 year;

· Arrangements should be made for making Best Practices available to all interested stakeholders.

6.6.1.2 Content

Best practices should include:

· Recommendations on designing for improved spectrum efficiency;

· Recommendations for promoting efficiency measures that have spectrum connotations. For example:

· Reducing CNS system payload and the impact on costs and spectrum demands;

· Spectrum requirements to support improved flight efficiency (e.g. improved flight profiles, reduced drag through removal of unnecessary systems etc.);

· The advantages and costs of providing system monitoring and self-analysis in terms of spectrum use;

· The impact of deploying multi-function systems to deliver reduced costs and spectrum occupancy;

· The impact of ensuring adaptability to deliver to future operational requirements.

· Recommendations on the efficient use of spectrum and frequency management resources;

· Technical considerations based on actual case studies.

6.6.2 Setting performance targets

Measuring the spectrum performance of aeronautical systems provides an opportunity for setting improvement targets for future generations of technology. Agreed mechanisms, developed as spectrum strategy best practices, should be used for the measurement of spectrum utilisation. These will be applicable to the assessment of improvement targets for new and existing systems and to support spectrum planning.

It should be recognised that the mechanism employed for measuring spectrum utilisation may vary from technology-to-technology and from band-to-band. It should also be recognised that one capability (e.g. aeronautical communications) cannot easily be compared to another (e.g. radionavigation) in terms of how efficiently it utilises spectrum. Where possible, the selected measurement mechanism should be developed to allow the comparative assessment of technologies designed to deliver a common capability.

Some tools for providing a quantitative estimate of spectrum utilisation for comparative purposes are already available and in use by the Network Manager. It may be possible to deploy or extend these tools to support spectrum management requirements.

In order to meet the objective of improving the efficiency and performance of spectrum allocation, improvement targets, and methods of measuring their delivery, should be set for assignment and use, and reducing the congestion levels in aeronautical spectrum. These are effectively KPIs for the effectiveness of the spectrum strategy and spectrum management processes in supporting operational requirements.

The body responsible for the delivery of the aviation spectrum management function should be charged with the development of the performance targets, some of which may be based on the best practices described above. These will need to be subject to approval by participating States. The same body should be responsible for developing the methods and tools for measuring the performance targets. It should be noted that there is a cost involved in deploying performance measurements and that any development would be subject to funding approval.

6.6.2.1 General principles

KPIs and their supporting measurement methods should be subject to regular review. It is recommended that this takes place annually.

Measurement of actual performance against the agreed indicators should be reported via the body responsible for the delivery of the aviation spectrum management function. Consideration should be given to reporting key results within the Network Operations Plan.

There is potential commonality between the KPIs being reported by the Network Manager Radio Frequency Function (RFF) and spectrum performance targets. Duplication must be avoided and opportunities for synergies and cost-saving should be sought.

6.6.2.2 Areas for measurement

The nature of spectrum management means that some elements of the performance targets are “hard”, in that they can be accurately and simply described in terms of a mathematically quantity, but more generally, they are “soft” and less tangible. The following broad areas are considered suitable for the development of performance targets:

· Spectrum management performance. This encompasses:

· The identification of current threats to aviation spectrum and the setting out of measures to address them;

· Reporting progress on their elimination/mitigation;

· Highlighting outstanding risks. 

· Spectrum utilisation performance. This encompasses:

· The system-by-system identification of spectrum utilisation against allocated bandwidth. This can be used to ensure future spectrum availability and set spectrum utilisation improvement targets.
· A measure of usage rates that can be used to inform system withdrawal or deployment strategies. 

· Spectrum availability analysis. This encompasses:

· Band-by-band measurement of spectrum availability for existing systems and those under development. This analysis should be conducted in collaboration with the Network Manager RFF team, which already has some tools potentially suitable for this purpose.

6.7 Development of tools

Traditionally, spectrum managers have had few tools at their disposal to assist with their day-to-day function. A suite of tools should be developed to assist them in executing their tasks in an efficient and repeatable manner and to improve consistency. These will consist of a repository for data to support compatibility studies and, where feasible and cost-effective, tools for analysing spectrum availability options.

6.7.1 Data repository

The data repository should contain:

· A database of key aviation system performance parameters including:

· Transmitter spectrum masks, power limits, antenna characteristics, duty cycle etc.;

· Receiver spectrum masks, signal to interference (S/I) criteria, signal to noise (S/N) criteria, time-availability requirements etc.;

· Other relevant compatibility criteria.

· A database of relevant non-aeronautical technologies and their transmitter characteristics;

· Repository and search-engine for accessing historical and current compatibility studies;
· Where possible, cross references to publicly available sources, for both parameters and studies, to avoid duplication of data, e.g. ITU-R Recommendations, CEPT material.
6.7.2 Tool to analyse spectrum availability

This tool shall facilitate “what-if analysis” on a band-by-band basis. It shall permit the user to set out a specific scenario based on equipment bandwidth requirements, population size and density and protection/compatibility criteria in order to analyse options and risks associated with spectrum access and availability.

6.7.3 Tools to support measurement of performance targets

These tools shall contain the necessary data and calculation capability to enable the aviation spectrum management function to measure performance against the targets described above.

6.8 Collaborative and whole-life approach for CNS&S 

Improved collaboration between CNS development teams and spectrum experts should be delivered as follows:

· CNS development teams and deployment managers should be provided with access to the necessary spectrum expertise to eliminate the risk of spectrum issues impacting on the successful and timely delivery of new systems;
· Spectrum experts should provide advice on current spectrum issues, identify risk areas and make recommendations for actions and studies;
· A formal process should be devised within the SESAR CLM for new CNS systems, which would assess spectrum requirements, review compliance with best practices and enact an action plan for providing the requisite spectrum assets;
· Transition planning should be implemented for the phasing-in of new technologies and systems aligned with the phasing-out of the technologies that they are replacing;
· System rationalisation and decommissioning studies and programmes should be conducted routinely to ensure that obsolescent and redundant systems do not impinge of spectrum resources;
· A procedure should be developed to provide a checklist for programme managers, spectrum managers and deployment managers to utilise in ensuring the strategic spectrum objectives for aviation are delivered.

Cooperative engagement between aviation stakeholders throughout the life of a system, technology or capability will deliver the required spectrum resources in a timely manner, provide operational efficiency and give the opportunity to obtain optimum spectrum utilisation. Processes should be developed to facilitate the necessary collaboration required to exploit the benefits of through-life engagement between aviation stakeholders - particularly strategic planners, system developers, spectrum managers and deployment managers.

The opportunity to deliver this improvement is based on two elements:

· Managing the spectrum needs of a system or capability throughout its whole life, from its development and introduction into service to obsolescence and decommissioning;

· Taking early opportunities to phase out obsolete equipment.

6.9 Improving spectrum efficiency and utilisation

There are techniques, methods and processes that can be employed to improve system spectrum efficiency and utilisation. Of course, there may be some associated cost but improved efficiency can deliver a number of benefits for aviation, including:

· Repurposing spectrum for use by the new aeronautical systems being developed to deliver planned operational improvements;

· Identifying opportunities for releasing spectrum for use by other sectors in return for other concessions where this is consistent with aviation's future strategic plans;

· Obtaining support from governments and regulators in meeting future spectrum needs;

· Offsetting the impact of spectrum pricing.

When consideration is being given to initiating the development of a new system or capability, all enablers, including spectrum, must be considered. All too often the availability of suitable spectrum is considered at too late a stage in the design process. It is not sufficient just to consider the amount of bandwidth required but also the impacts between the proposed system and existing or planned technologies. It is essential that the potential impact on existing systems is established and mitigated at an early stage to ensure that excessive costs will not be incurred. 

Typically, improved spectrum efficiency and utilisation is delivered:

· At a system level by:
· Applying improved techniques to equipment design and system development;

· Managing deployment by the application of a whole-life approach and a decommissioning strategy.

· At a process level by addressing outstanding spectrum management issues relating to ITU processes and compatibility studies.

6.10 Performance-based principles

It is widely recognised that global commercial aviation can benefit through the application of performance-based measures. However, it is essential that the operational imperatives drive the development process for performance requirements, rather than the other-way-around. A performance-based approach should be taken to developing the processes and procedural changes required to align spectrum with the functional needs of the systems required to deliver operational improvements. This could be established sequentially through:

· Identification of the operational performance requirements or operational improvements that impact on the system design parameters. Examples include purpose, operational footprint, availability, accuracy, integrity and latency etc.;

· Identification of the equipment performance standards needed to deliver the operational performance requirements;

· Analysis and delivery of the spectrum requirement in terms of bandwidth, compatibility and protection criteria etc.

6.10.1 Identification of system-level required operational performance

The primary consideration when introducing new systems and technologies is the identification and delivery of the operational performance requirements. Clearly, new systems must be designed to deliver these requirements under specified operational conditions. This requires a consultative and iterative approach. The reason for this is that some desirable operational characteristics may not be achievable at acceptable cost or in the intended time frame.

Exceeding the required performance is generally desirable but not necessarily at the expense of other factors such as cost. Unnecessary and costly performance enhancements are a strong negative factor when seeking to introduce a new technology. Over-specifying technical requirements can have a negative impact on spectrum efficiency and, therefore, "requirement creep" needs to be treated with caution. However, operational needs may differ depending upon the circumstances in which the new technology is to be deployed. For example, if a new data communications system was intended for universal roll-out, the maximum latency may vary depending upon type of airspace user (e.g. commercial air transport or GA), regional specificities, density of airspace, complexity of airspace, or type of service being provided. System designers need to provide a cost-effective tailored product range rather than a single one-size-fits-all solution in cases where this maximises take-up, delivers an optimal solution and does not compromise interoperability. Deploying common technologies across all airspace users is more likely to deliver optimal spectrum efficiency than using disparate technologies because the data overhead for providing interoperability is minimised. 

Where applicable, as a precursor to setting target equipment performance standards, the ICAO high-level performance requirements should be factored into the overall operational requirements specification. This will ensure the system's suitability as an enabler for future global strategic plans. Current examples of ICAO high-level requirements include required communications performance  and global air navigation system performance. It can be expected that global performance standards will continue to evolve under the auspices of ICAO as aviation adopts a wider performance-based regime.

The required performance criteria impacting on spectrum should be developed in a pragmatic manner, setting targets that are operationally achievable. Consideration should be given to practical constraints: human factors (e.g. assimilation and response times); physical and operational factors (e.g. wake vortex separation, weather effects, airport capacity etc.); and technological factors (e.g. equipment performance limitations based on state-of-the-art science and engineering).

In the past, equipment performance has been a limiting factor to delivering improved operational performance. For example, some years ago a reduction in separation standards was constrained due to the achievable performance of the surveillance systems required to support them. System developers should strive to ensure that technological constraints will not be a limiting factor to setting improved performance criteria. Where such constraints are unavoidable, it is the responsibility of system developers to raise awareness and identify what level of improvement can be achieved.

6.10.2 Identification of the required equipment performance standards

The operational performance requirements for an individual system cannot be set in isolation, as there are complex interdependencies between CNS technologies and the ATM services being delivered.

The design process can be expected to develop a target equipment performance specification based on meeting the operational requirement. It must take into account other contributory factors that could impact the operational performance criteria, and then attribute a reasonable and agreed proportion to the equipment performance itself. This attribution will require the collaboration of other parties outside of that specific design process. In the case of spectrum, it will be essential to factor in any specific constraints, limitations and opportunities that should be addressed within the design process.

6.10.3 Analysis and delivery of system spectrum requirements

It will be necessary to establish the system spectrum requirements based on the equipment performance standards, which in turn are designed to satisfy the relevant operational factors. Spectrum managers shall play an active role at this stage of the process in order that the necessary spectrum requirements can be met in a timely manner and in a way that creates the best option for the system functionality to meet the operational requirement.

Analysis should establish the overall bandwidth requirement based on:

· Equipment performance and the size, density and growth of the operational population;

· The target equipment-level and system-level compatibility and protection criteria;

· Opportunities for rationalisation.

6.11 Financial tools and impact assessment

6.11.1 Action steps

The inclusion of spectrum impacts within financial decision-making can be achieved by delivery of the following measures:

· Adopt best practice for evaluating the spectrum-related cost-benefits for aviation;
· Develop a set of considerations and options designed to assist with addressing spectrum-related cost factors and promote opportunities for cost-effective solutions;
· Develop methods and tools required to support assessment of the impact of spectrum on aviation and national economies should it not be made available, including socio-economic impacts as these are the factors most likely to be of interest to governments;
· Adopt the potential to reduce spectrum charges, where applicable, and the potential to increase revenues by facilitating early or wider spectrum access for other aeronautical or non-aeronautical technologies;
· Ensure sufficient resources, including the provision of R&D funding, to eliminate the risk of having insufficient spectrum to meet current and future commercial demands;
· The cost of delivering spectrum efficiency improvements should be set against the cost-benefits for aviation;
· Establish cost-benefits of initiating incentivisation programmes that deliver spectrum to facilitate early adoption of new systems and applications. 

6.11.2 Cost of unavailability of spectrum

Potential unavailability for use is, by far, the most significant cost driver for aviation spectrum. This is applicable both to new systems and to sustaining spectrum supportability for existing systems. For cases where spectrum is required to deliver strategic operational improvements, the opportunity cost (i.e. the loss of potential gain by having to take a sub-optimal alternative) can be applied as a yardstick for assessing the value of the spectrum to the overall programme. The opportunity cost can also be used as a means of assessing and evaluating the various alternative options. In carrying out these analyses, it is important to ensure that accurate cost-benefit analysis has been conducted for the specific operational improvement impacted by spectrum unavailability.

6.11.3 Cost of spectrum congestion

In areas of heavy spectrum congestion, it is sometimes only possible to make new frequency assignments by modifying those that already exist. A process already exists to facilitate this activity for VHF voice communications, which occupy the most heavily congested frequency band. Costs are currently borne by service providers, and data is not readily available. 

In the future, it may be necessary to introduce similar arrangements in other frequency bands, and this will significantly increase implementation costs. As the benefits of avoiding spectrum congestion are accrued by all, it may become necessary to identify a centralised funding stream for such activity, particularly in cases where strategic operational improvements will be delivered more readily.

6.11.4 Commercial value of spectrum

6.11.4.1 Overview of spectrum commercial value

For some time, it has been recognised by certain administrations that spectrum, as a finite resource, is a key factor in supporting applications and enabling services, and it has significant commercial value. This has become known as “opportunity cost” and is derived from what the value of a particular part of the radio spectrum is worth to another sector were they able to use it for other applications. Whilst this may be readily derived in a purely commercial market place, in transport sectors such as aviation it presents a more complex issue. Although aviation uses a significant amount of bandwidth in the so-called “sweet spot”, where frequencies are attractive to a wide range of applications due to their propagation characteristics, the use of aeronautical spectrum to meet essential safety requirements on a global basis requires a different perspective when compared with pure commercial value. However, there is no doubt that governments and authorities have come to appreciate that, by ensuring the true value of spectrum is fully recognised in financial terms, its scarcity is better understood, which in turn drives more efficient management.

In one State, this has been pursued as a key management factor in driving efficient spectrum management and ensuring only spectrum that is critical to meeting the objectives is used by sectors. Furthermore, by setting incentives it has been possible to both reward and penalise the government departments responsible for certain sectors and to ensure that the costs are passed on to end-users where practicable. This has been addressed through spending reviews, public sector budgets and charging schemes. The benefits to spectrum management from this approach is that users have to ensure that in implementing new applications, services and equipment, the cost of spectrum supportability becomes a tangible factor in determining overall and through-life programme costs. Furthermore, it can be directly influenced by how a programme is managed and implemented. 

6.11.4.2 Addressing spectrum charges imposed on aviation

Although only introduced within a limited number of European States, spectrum pricing has been applied to military spectrum use and also to aeronautical VHF communications frequencies. In the latter case, the costs are calculated on the basis of the geographical area a user denies others from having access to a frequency and are passed directly to the user assigned the specific frequency. As a consequence, it becomes a factor directly affecting the cost base of the operator. The operator can of course reduce the cost by ensuring that the Designated Operational Coverage (DOC) is not over-estimated without necessity, and that only the minimum number of frequencies necessary to deliver a safe operational service is maintained.

Where spectrum pricing is being proposed, aviation must be proactive in assessing the overall impact on aviation and ensuring that the proposed measures will deliver improved spectrum utilisation, and advising policy makers accordingly. Additionally, alternative mechanisms that provide a more effective solution should be promoted.

However, costs will also have a direct impact on aviation if the implications of spectrum allocation and use are not taken into account at the outset. If the design of a new system does not carefully consider bandwidth requirements, the value of specific bands, how spectrum utilisation can be efficiently managed throughout the transition and implementation phases, users within the sector risk facing significant costs.

6.11.5 Incentivisation

Incentives mechanisms under consideration include the following:

· Operational performance incentives, such as a ‘Best Capable – Best Served’ approach to provide operational incentives for airspace users;

· Provision of grants to air and ground stakeholders when a Cost-Benefit Analysis demonstrates that new technology could bring performance benefits;

· Modulation of charges for airspace users when new airborne equipment could bring performance benefits, if coupled with ANS ground investments.

Key overarching principles identified to date are as follows:

· Allocation of incentives will need to secure a synchronised start amongst early adopters within each stakeholder category (e.g. ANSPs, airports selection);

· Incentives allocation needs to be ‘contractualised’ and/or ‘regulated’, and subject to pre-agreed commitments that will be expected from beneficiaries;

· Allocation mechanisms will have to be refined to support effective monitoring and to provide operational flexibility for policy deployment governance at EU-level.
6.11.6 Ensuring spectrum principles do not impose a greater cost on industry

A guiding principle in the execution of the spectrum strategy is to ensure that the principles being applied do not place additional financial burdens on the aviation industry. There are no hard and fast rules for how this should be done but the spectrum cost-driver that by far outweighs all others is the elimination of the risk of having insufficient spectrum resources to meet current and future operational demands.

To address the risk of not having sufficient spectrum for new systems or capabilities, it is necessary to consider a number of competing factors and this can best be done through the holistic processes. These factors include the added value that a new capability brings to aviation, the risk and probability of having a shortfall in suitable spectrum, and the cost of eliminating any shortfall. Consequently, these issues need to be considered on a case-by-case basis.

In the event that it is considered necessary to address a spectrum shortfall, the various options need to be established, costed, analysed for risk, and subjected to wide scrutiny by aviation stakeholders. Costed options for eliminating spectrum shortfalls will likely include ways of freeing-up spectrum (e.g. decommissioning of existing systems either through regulatory means or incentivisation) and shifting to alternative frequency bands.

� In this context, "aviation services" refers specifically to the various aeronautical services defined in Article 1 of the Radio Regulations and operated in accordance with Article 43. It does not include other non-aeronautical services delivered from aircraft.
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