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	SUMMARY

	This working paper reviews and proposes some modifications to the new 
ICAO Handbook Doc 9718, Volume A. WG/08-WP32 has been used as the baseline along with the existing Doc. 9718, Volume 1, and some other ITU and ICAO documents.








1. [bookmark: dbreak]INTRODUCTION
2.1 The Volume A contains the ICAO spectrum vision and strategy. It updates and replaces the material for some chapters previously contained in the first edition of Doc 9718, Volume I, published in 2018
2.2 It should be mentioned that the Correspondence Sub-Group of FSMP is presently revising the current Doc 9718 ICAO Spectrum Handbook (Vol. I and Vol. II). The proposal is to publish this document in 4 separate volumes (provisionally labelled as Volume A, B, C and D).

2.3 This document brings some materials to the draft already initiated by the Correspondence Sub-Group of FSMP WG/08-WP32. All changes and proposals are written in blue colour and the original text remains in black colour, (document link below).
2. DISCUSSION
Volume A highlights the importance of the aeronautical spectrum and how ICAO tends to protect its use and develop its optimal management; therefore, it must be given particular attention. 
3. ACTION BY THE MEETING
The meeting is invited to:
· consider and review the contents of this working paper.
· include the materials in the relevant updated Volume A of the ICAO Spectrum Handbook.
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(iii)

PURPOSE

· Introduce to handbook

· Describe spectrum’s role in aviation 

· Explain ICAO spectrum policy

· Describe spectrum regulatory environment



TARGET AUDIENCE 

· Aviation

· Senior managers

· Spectrum managers not directly involved in FSMP

· Frequency managers not directly involved in FSMP

· Non-Aviation

· National Radio Regulators

· Industry spectrum managers involved in studies with aeronautical systems



STYLE

· Should be short and to the point, greater explanation can be included in the subsequent volumes.





CONTENTS



FORWARD





Historical background



ICAO’s Special Communications/Operations Divisional Meeting held in 1995 (Special COM/OPS/95) noted that the International Telecommunication Union (ITU) had begun to convene its World Radiocommunication Conferences (WRCs) every three to four years. While divisional-type ICAO meetings had traditionally developed positions on WRC agenda items related to aviation, it was evident that it was not feasible to convene such meetings frequently enough to keep pace with this schedule of WRCs. The Special COM/OPS/95 meeting recognized the importance of keeping up with the rapid development in telecommunications and consequently recommended that a new mechanism be developed to enable civil aviation to record its agreed requirements for aeronautical radio frequency spectrum in an adequate and timely manner.



The meeting accordingly recommended that an ICAO radio frequency (RF) document be developed and maintained (Recommendation 7/1). The Air Navigation Commission, at its meeting on 19 June 1995 (ANC 139-10), approved the recommendation for action. Subsequently, ICAO developed this Handbook on Radio Frequency Spectrum Requirements for Civil Aviation and the first edition was published in 1998.



	Recommendation 7/1 — ICAO radio frequency (RF) policy document on the aeronautical utilization of the RF spectrum



	That ICAO develop and maintain a document (rolling plan) containing policy statements and other elements relevant to the utilization of the frequency spectrum with a view to assisting States and ICAO in their preparation for future ITU world radiocommunication conferences.





Status of the handbook



This handbook contains the ICAO spectrum strategy and policy statements relevant to the aviation requirements for radio frequency spectrum, as approved and amended by the ICAO Council.



The handbook is intended to assist States and ICAO in preparing for ITU conferences. The ICAO Position on matters of interest to aviation on the agenda of ITU WRC-19 is included in Attachment F. The approach for establishing and promoting the ICAO Position for future ITU WRCs is in Attachment E.

The material in this handbook is supplementary to the Standards and Recommended Practices (SARPs) contained in Annex 10 to the Convention on International Civil Aviation — Aeronautical Telecommunications, which continue to have precedence and applicability for those aspects covered by their provisions.



Amendments to this handbook will be made on a regular basis so that the material will represent the latest position on the spectrum requirements for civil aviation. Towards this end, the recommendations of divisional-type meetings and air navigation conferences as well as the findings and Recommendations of ICAO panels and other (e.g. regional) bodies, as approved by the Air Navigation Commission and Council as appropriate, are expected to be among the main sources of information. Changes may also be necessary as a result of decisions taken at ITU WRCs.



Results of ongoing activities in ICAO on spectrum management are available on the website for the Frequency Spectrum Management Panel (FSMP) at http://www.icao.int/safety/fmsp. FSMP is undertaking the activities on preparation and coordination of material, including the development of the draft ICAO Position, in particular for ITU WRCs, ITU-R study group meetings and meetings of regional telecommunication organizations.

[bookmark: _Hlk145323606]



Objective and Purpose



· What is the purpose of the document and objective

· What is covered & why

· Commercial aviation, unmanned aircraft, drones, general aviation, helicopters, space planes, HAPS etc?

· What is not covered & why









Organization of the handbook



The handbook consists of twofour volumes: 



Volume I A	contains the ICAO spectrum vision and strategy and policy statements. It updates and replaces the material previously contained in the first edition of Doc 9718, Volume I, published in 20142018.



Volume II B	contains information about spectrum management from an ICAO perspective.



Volume C	contains technical material on the utilization of radio frequency spectrum by aviation.



Volume D	contains information on how frequency management is carried out in ICAO



Volume AI is structured as follows:



	—	Chapter 1 introduces the subject of radio frequency spectrum management and aspirations.



	—	Chapter 2 defines the objectives and purpose of the handbook.



	—	Chapters 3



	—	Chapters 4



	—	Chapters 5

 to 5 describe the institutional aspects and the relationships between the main participants (ITU, ICAO, national authorities, etc.).



	—	Chapter 6 contains an overview of the spectrum management process.



	—	Attachment A contains the band-by-band spectrum strategy.



	—	Attachment B contains acronyms and abbreviations used in the handbook.



	—	Chapter 7, which is divided into four sections, contains the principal elements of the handbook. Each frequency band and its uses are described in detail, together with the approved ICAO policy statements for the civil aviation spectrum requirements in that band. Also included are relevant provisions (Regulations), Resolutions and Recommendations which are contained in the ITU Radio Regulations.

	—	Chapter 8 contains the ICAO spectrum strategy and vision and addresses future requirements of frequencies for civil aviation.



	—	Chapter 9 describes the elements of a framework of rules and preventative measures for the regulation and control of interference.



	—	Attachment A provides a selection of relevant ITU definitions.



	—	Attachment B contains acronyms and abbreviations used in the handbook.



	—	Attachment C gives an overview of the regulatory aspects of radio equipment in aircraft.



	—	Attachment D addresses the processes and sequence of actions for the review and updating of the handbook.



	—	Attachment E contains the ICAO approach for improving support for the ICAO Position.



	—	Attachment F contains the ICAO Position for ITU WRC-19, as approved by the Council on 19 June 2017.



	—	Attachment G contains technical information and frequency-sharing criteria.



	—	Attachment H references relevant ITU Resolutions and Recommendations which are incorporated in the ITU Radio Regulations.



Action by Member States and ICAO



States are requested to use the material in this policy and Strategy document, as it is necessary and opportune, in their national discussions on matters relating to the use of the radio frequency spectrum by international civil aviation. In particular, the ICAO spectrum strategy, the ICAO policy statements and the ICAO Position for ITU WRCs should be utilized and incorporated in proposals from States for ITU WRCs, meetings of the ITU-R sector (ITU-R study groups) and meetings of regional telecommunication organizations as the up-to-date agreement within ICAO on the reference subject. ICAO observers at these conferences and meetings may also, as necessary, use the material from the document as the agreed ICAO policy for international civil aviation purposes.



		The texts extracted from ITU material have been reproduced with the prior authorization of the ITU as copyright holder.



The sole responsibility for the selection of these extracts lies with ICAO alone and can in no way be attributed to the ITU.



The complete volume(s) of the ITU material from which the texts are reproduced in this handbook can be obtained from:



International Telecommunication Union (ITU)

Publication Sales

Place des Nations

1211 Geneva 20 (Switzerland)

Telephone: +41 22 730 61 41 (English)

Telephone: +41 22 730 61 42 (French)

Telephone: +41 22 730 61 43 (Spanish)

Fax: + 41 22 730 51 94

E-mail: sales@itu.int / http://www.itu.int/publications







	Note 1.— Although this handbook includes relevant provisions from the ITU Radio Regulations, these extracts are not complete and the handbook should therefore be used in conjunction with the full text of the ITU Radio Regulations and the relevant ITU-R Recommendations.



	Note 2.— Throughout this handbook, extracts from the ITU Radio Regulations are presented against a shaded background.
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Chapter 1



INTRODUCTION





	1.1	Air traffic is constantly growing.

	1.2	Communication, Navigation and Surveillance systems are key enablers for providing safe, secure and expeditious air traffic services.

	1.3	Adequately protected radio frequency spectrum is a key enabler for CNS; without which aircraft operations would not be capable of meeting the global demand for safe, secure, efficient and cost-effective transport. The prominent safety-of-life element, present during all phases of an aircraft’s flight, needs special treatment internationally and must be granted protection from harmful interference through agreed measures.

	1.4	The radio frequency spectrum is a scarce natural resource with finite capacity limits and for which demand is constantly increasing. 

	1.5	Current CNS systems are reaching their capacity limits; in short-mid term, they cannot satisfy the traffic demand; thus generating delays and preventing the air traffic development.

	1.6	Some areas, are suffering COM and NAV frequency shortages.

	1.7	It is unlikely for aviation to get additional spectrum to satisfy the traffic growth; the only solution to address capacity issues is the adoption of modern CNS systems operating within the same allocated spectrum. 

	1.8	The already congested ARNS, AM(R)S and AMS(R)S spectrum are challenged by other industry. The aviation sector has difficulties to retain spectrum already allocated to perform safe aviation operations.

	1.9	Protections channel spacing, left between consecutive aviation frequencies for safety reasons are challenged by non-aviation sectors; putting the overall aviation systems at risk.

	1.10	Implementing a new CNS system requires a transition period of 20 to 25 years. During a transition period, the spectrum need is higher. Without additional spectrum resource, a transition cannot be conducted in a safe and timely manner. The lack of adequately protected spectrum can make any implementation / modernisation impossible.

	1.11	Conducting R&D in radio transmissions is not the business of aviation; but nothing prevents aviation to adopt state of the art radio technologies for CNS.

	1.12	Safety is the most important target of aviation. The aviation safety culture is unique. 

	1.13 Further delaying the CNS modernisation put at risk the role of aviation expert delivering CNS services 

	1.14	The cost of not investing in the CNS modernisation can by far outreach the overall investment cost of modernisation. 

	1.15	CNS modernisation, by adopting state of the art radio technologies, need to be addressed as a mater of urgency.



	1.1    The radio frequency spectrum is a scarce natural resource with finite capacity limits and for which demand is constantly increasing. Predictions of future demand for spectrum indicate a continuing rate of increase for all users and radio services and facilities that utilize radio waves as the world economies progressively expand. The competition among all users for the spectrum available is hence expected to intensify in the years ahead. In this competitive situation, even a user holding a spectrum allocation will not have an automatic right to retain that radio frequency spectrum, as a decision by an International Telecommunication Union (ITU) conference may require that spectrum be removed from any radio service to meet a superior justified demand for other radio services. Aviation is only one of many such competitors, albeit with the significant benefit of a worldwide cooperative forum, namely the International Civil Aviation Organization (ICAO), to coordinate and support its case.



	1.2    Aeronautical services are recognized internationally to be prime users of radio frequencies without which aircraft operations would not be capable of meeting the global demand for safe, efficient and cost-effective transport. The prominent safety-of-life element, present during all phases of an aircraft’s flight, is accorded special treatment internationally and is granted protection from harmful interference through agreed measures. Spectrum allocated to aeronautical services in the main frequency bands is divided into two main functions: air-ground communications and radionavigation. The gradual introduction of satellite-based services in accordance with the communications, navigation and surveillance/air traffic management (CNS/ATM) policies agreed at the Tenth Air Navigation Conference (1991) and approved by the ICAO Council is progressing.



	1.3    Radio frequency spectrum congestion imposes on all users the duty of spectrum-efficient operation. The process of channel splitting, as employed in some aeronautical communication and navigation frequency bands, is an example of technological development helping to achieve spectrum-efficient operation and meeting future requirements without requiring additional spectrum. Modern sophisticated systems employing complex modulation techniques are another facet of efficient spectrum use when transmitting more information within the same bandwidth. Extending radio services and systems into higher frequency bands is yet another. These measures need to continue for the foreseeable future.






	1.4    The process of international competition between expanding radio services obliges all existing users (i.e. aeronautical and non-aeronautical) to continually defend and justify the retention of frequency bands or the addition of new bands to those already allocated to their service, subject to the same conditions as apply in other services. Civil aviation operations are expanding globally, requiring more navigation and communication facilities and thus creating additional pressures on the already stressed and limited spectrum availability. The civil aviation community must accordingly develop and present, as necessary, its agreed policies and its quantified and qualified statements of requirement for radio frequency spectrum so as to ensure the continuing availability of adequate radio spectrum and, ultimately, the ongoing viability of air navigation services throughout the world.



	1.5    Aeronautical systems utilize frequency bands that are attractive to many users due to their propagation characteristics, their generally worldwide allocations and resultant benefits in equipment design. Many of these users 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. However, unlike other spectrum users, the amount of spectrum used by aeronautical safety systems is not directly related to revenue and thus the quantification of the cost benefit of aviation spectrum bandwidth can become challenging.



	1.6    Competition among spectrum users is becoming more severe and each ITU/WRC cycle sees increasing demand 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.



	1.7    This document contains a balanced and justified presentation of aviation needs, and it will be made available to all aviation interests involved in the frequency management process. It will be updated through regular amendments based on technological developments in communication, navigation and surveillance systems for aviation and changing operational requirements on the utilization of these systems. These updates also consider the decisions in the ITU, including amendments to the ITU Radio Regulations and the development of relevant ITU-R Recommendations and reports.
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Chapter 2



OBJECTIVES AND PURPOSE





       2.1 ICAO's aeronautical spectrum objectives arise from the Global Air Navigation Plan that ICAO established for the period 2016-2030/ ICAO Doc 9750 – GANP.



      2.2 ICAO's vision is to ensure the availability of harmonized, sufficient and secure spectrum enabling the creation of a globally interoperable air navigation system, as well as an integrated and common approach to emerging challenges and opportunities arising from aviation and technological trends.

       2.3 The ICAO spectrum vision and strategy contain a set of high-level strategic statements focussed on ensuring aviation spectrum requirements are fully met for currently deployed systems and those under development, together with, a set of generic, flexible principles and practices designed to support the long-term evolution of aeronautical spectrum to meet all potential future needs in a perpetually changing environment. 



       2.4 Optimal available spectrum supports States in their ambitions to transform air navigation and communications systems by leveraging the use of current and emerging technologies.



	2.5     Achieving ICAO's spectrum vision requires strong commitment and investment from Member States and all members of the aviation community. ICAO builds on the efforts of standards-making organizations and committees, [such as RTCA and EUROCAE], which develop standards and generate recommendations to rationalize and optimize the use of RF spectrum. New standards that improve bandwidth efficiency and unwanted emissions play a role in reducing interference, while providing more spectrum for expansion of current CNS systems and development of new ones  





	




Chapter 3





THE INTERNATIONAL SPECTRUM DEMAND





	3.1    The worldwide demand for frequencies continues to increase, placing considerable pressures on the spectrum management process. Growth patterns vary between world regions, with developed economies experiencing expansion in (generic) mobile communications, both terrestrial and satellite, and in sound and television broadcasting. Elsewhere, fixed links for point-to-point communications are important in areas without an extensive ground-based (cable) infrastructure, or where radio services in large areas with difficult terrain have to be developed. Bandwidth efficient technologies can provide substantial gains in the amount of information processed per unit of bandwidth. Attention is also strongly focused on the release of spectrum no longer needed, or inefficiently used, or where the service concerned fails to argue the case for retention.



	3.2    A result of this new trend is that spectrum earmarked for use at some point in the future, or where no plans exist for use, can no longer be retained, effectively creating a situation in which it may never be possible to successfully reinstate a claim. In this process, the aeronautical industry, with its long timescales for international agreement and coordination, is at a serious disadvantage compared to other users, particularly to those users where commercial considerations are prime. Instances of arbitrary forcible release of spectrum to such commercial services are expected to increase.





	3.3    In some countries, procedures are being introduced in which the recognition of economic forces would play a controlling role. Spectrum award to the highest bidder and licensing costs are the parameters in which market forces will be applied to restrict demand, ration allocations, and affect the speedy return of frequencies no longer needed. While this is initially applicable to high-profile services, such as land mobile and broadcasting, and in congested areas, it will in the longer term affect aeronautical allocations, increasing the cost of licences and applying pressure to release under-used frequencies. Although there is some recognition that for any methodology to be completely viable it must take into account essential social and community services and protect their interests, this reasoning has not yet been extended to include aviation, which spectrum managers are coming to regard as just another type of commercial operation, albeit with some special safety connotations. Spectrum pricing, which is a levy on the use of radio frequency spectrum, is in some countries being extended to spectrum allocated to aeronautical services.



	3.4    Future aeronautical radio services are anticipated to make much greater use of bandwidth efficient systems through the application of modern technology for reduction of channel spacing, and increased channel capacity and digital technology. The overall effect of these technological improvements is to meet the expected increase in air traffic around the world in the years ahead, which in some areas is expected to double, and perhaps up to and beyond the year 2030 without any significant increase in spectrum. Introduction of new aeronautical systems or services may require additional frequency bands to be made available for aviation.



	3.5    Air transport plays a major role in social and economic development of communities, regions and the world. The demand for passenger and freight operations is expanding geographically and growing in response to markets and demographics. Studies predict very similar patterns of activity in the years ahead, with air traffic movements expected to increase at an average annual rate of 5 per cent up to the year 2030.



	3.6    The aviation industry recognize that adequate and appropriate spectrum availability is essential to aviation safety, security and to support efficient aircraft operations. This fundamental principle has been the long-standing basis for ICAO policy in spectrum matters, as recognized in Assembly Resolution 38-6 and in Recommendation 1/12 of the Twelfth Air Navigation Conference.

[Editor’s note: Add text about the 13th ANC]






Chapter 4



ICAO SPECTRUM VISION





4.1    THE AVIATION SPECTRUM LONG-TERM VISION





4.1.1    The need for a long-term vision



	4.1.1.1    The availability of suitable radio spectrum is essential for meeting the global demand for safe, secure, efficient and cost-effective air transport, particularly for enabling the provision of CNS and enable the safe introduction of UAS. 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 demonstrate good governance and efficient use of spectrum allocated to aeronautical services.



	4.1.1.2    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, States are encouraged to contribute to efforts for establishing a comprehensive vision for frequency management and use, which ICAO is developing to meet the long-term needs of civil aviation.



	4.1.1.3    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. 



	4.1.1.4    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, aviation stakeholders will need to work more cooperatively and proactively in sustaining aeronautical spectrum needs and demonstrating efficiency in the use of allocated spectrum.



	4.1.1.5    The overall aim for the aviation spectrum vision is to secure the long-term availability of suitable radio spectrum to meet all of ICAO’s future objectives for aviation through cooperative engagement in the global spectrum environment.



	4.1.1.6    ITU WRC cycles are too short to deliver a strategy 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 to 25 years (distinguishing between development/fielding of new systems and transition from existing systems to new systems, and recognizing that the bands will be in use for development prior to operational use from concept to initial deployment), and so a vision and strategy need 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.



4.1.2    Long-term vision for the future of aviation spectrum



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



	4.1.2.2    While recognizing 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 spectrum allocated to aeronautical services 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 forty years hence.





4.2    Vision statements



	4.2.1	Establish and maintain an agreed spectrum strategy. International 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;



	4.2.2	Improve collaboration. Enhanced collaboration processes between aviation stakeholders shall be deployed for identifying, analyzing, coordinating and promoting aviation’s spectrum needs in a collaborative manner. Through such collaboration, opportunities to maximize the effectiveness optimize of existing spectrum allocated to aeronautical services and opportunities to share spectrum within aviation services shall be fully explored and understood;



	4.2.3	Long-term view. Aviation shall take a longer-term view of aeronautical spectrum requirements, i.e. forty years into the future. This shall not be constrained by the timescales and technologies of existing strategic plans;



	4.2.4	Holistic CNS and spectrum (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-disciplinary approach shall be taken to development, deployment and removal of aeronautical systems;



—	development of spectrally efficient CNS systems shall be promoted to minimize:

· the demand for additional spectrum, 

· the overall cost, and

· the size and weight.

· to support future aviation growth; and

· to support future aviation growth; 



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

· in the event of abandonment of the service of an aeronautical system, ensure that the spectrum allocated to it is preserved for the benefit of future aeronautical systemsin the event of abandonment of an aeronautical system from service, ensure that the allocated spectrum is preserved for the benefit of future aeronautical systems.



	4.2.5	Financial decision making. Aviation needs to take into account any spectrum impact on the financial decision making processes by:



—	ensuring cost effective technological evolutions; and



—	minimizing the impact and timescales of technological transitions.







4.3    Details of the spectrum vision



	4.3.1    Realizing 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 aviation spectrum management, including process improvements and interactions required to ensure that the necessary spectrum for current and planned CNS and UAS systems is secured and maintained. Such an agreed strategy should also be under continual development.



	4.3.2    Improved collaboration (though interconnected, there is a need to keep separate the short-term WRC-driven strategy and the long-term vision / strategy).



	4.3.3    The identification of net spectrum requirements entails the collaboration of a broad range of aviation expertise:



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

	b)	CNS and UAS developers to gain a full understanding of system performance targets;



	c)	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.



	4.3.4    Additionally, disparate aviation functions need to be fully appraised of the bigger picture and not work in isolation. In this way, opportunities to maximize the effectiveness of existing spectrum allocated to aeronautical services and opportunities to share spectrum, with aviation uers, will be fully explored and understood while 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. 



	4.3.5    Coordination among aeronautical spectrum managers, frequency managers, CNS policy makers and developers, deployment managers, aviation economists, etc. to collaborate within an international team will ensure that the civil aviation position is strengthened in the international arena. Demonstrating to regulators an efficient and robust spectrum management regime will also help to seal support in obtaining and retaining future spectrum needs for civil aviation. In an environment where resource constraints and dilution of critical expertise can have an adverse impact, improved collaboration within aviation will provide an direct benefit to the sector.



	4.3.6    Longer-term view



	4.3.6.1    There must be a focus on the future that the aviation sector wishes to create for itself over the maximum realizable period and harmonized 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. While recognizing 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 forty years hence.



	4.3.6.2    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, such as the GANP and ICAO Regional Plans. As the level of certainty will be diminished as the time line extends, the ICAO spectrum vision focuses more on generic principles rather than addressing the needs of specific equipment types and systems.



	4.3.7    Holistic CNS&S approach



	4.3.7.1    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 require spectrum with identical or similar propagation properties. It is not appropriate for dedicated teams operating in isolation to identify their spectrum needs because their assumptions and actions may unwittingly impact on other teams’ deliverables. 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 CNS. 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.



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



	4.3.8    Spectrum availability and financial decision making



	4.3.8.1    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 that there is a direct relationship between available bandwidth and potential revenue.



	4.3.8.2    For aviation safety and security purposes, the relationship between bandwidth and revenue is indirect. In general, making available additional spectrum will not deliver increased revenue, unless it results in increased airspace capacity, while maintaining safety and security requirements. However, failure to make available sufficient spectrum will have a negative impact on aviation and its global economic revenues.





______________________
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Chapter 85



ICAO SPECTRUM STRATEGY AND VISION







85.1    INTRODUCTION



	85.1.1    Air transport plays a major role in social and economic development of communities, regions and the world. The demand for passenger and freight operations is expanding geographically and growing in response to markets and demographics. Studies predict very similar patterns of activity in the years ahead. Since the mid-1970s and until the end of 2019, air traffic growth has consistently defied economic recessionary cycles, expanding two-fold once every 15 years.  Notwithstanding the global COVID-19 pandemic,  air traffic movements are expected to increase at an average annual rate of 5 per cent up to the year 2030.



	85.1.2    The ICAO spectrum strategy presented in 8.2 5.2 4 is based on the recognition that adequate and appropriate spectrum availability is essential to aviation safety and to support efficient aircraft operations. This fundamental principle has been the long-standing basis for ICAO policy in spectrum matters, as recognized in Assembly Resolution 38-6 and in Recommendation 1/12 of the Twelfth Air Navigation Conference.



	85.1.3    The ICAO spectrum strategy is consistent with the Fifth Sixth Edition of the ICAO Global Air Navigation Plan (GANP, Doc 9750), and in particular with the Technology Roadmaps contained in Appendix 5 of the GANP. (Conceptual Roadmap detailed in Chapter 6). Future developments of the plan will be taken into account as part of the strategy update process, as discussed in 8.3 5.5, which addresses future systems and strategy evolution.



	85.1.4    Section 8.4 5.6 discusses a number of current and future challenges to civil aviation’s use of the radio frequency spectrum.



	85.1.5    The aviation spectrum long-term vision is detailed in section 8.5.5.7







8.2.    ICAO SPECTRUM STRATEGY



85.2.1    PURPOSE OF THE ICAO SPECTRUM STRATEGY



	85.2.1.1    The safety and security aspects on the use of radio frequency spectrum by aviation require spectrum to be available on an exclusive basis or, when shared with non-aeronautical radio services, with regulatory and technical conditions that recognize aeronautical safety requirements. The overall ICAO spectrum policy includes the ICAO spectrum strategy presented here and the ICAO policy statements contained in Chapter 7. Both the spectrum strategy and the policy statements are approved by the ICAO Council.



	85.2. 1.2    Implementation of the spectrum strategy will enable the advancement of technological developments and innovation to enhance safe and efficient global air transport. This is to be achieved through the development of ICAO SARPs as necessary.



	85.2. 1.3    The radio frequency spectrum capacity for aviation must be sufficient to meet the growing needs for aeronautical communication, navigation and surveillance systems, including any new systems that are being considered in ICAO to meet future CNS/ATM and UAS systems requirements. This is essential to adequately support changing trends in air traffic management such as foreseen in the GANP and the ICAO Regional Plans.



	85.2. 1.4    Spectrum for aeronautical radiocommunication, and radionavigation and radiodetermination, including UAS  Unmanned Aircraft Systems (UAS) links(including surveillance) is allocated by the ITU with the recognition of the safety aspects identified above. The ICAO spectrum policy aims to ensure that aeronautical spectrum capacity requirements are satisfied during the frequency allocation process, taking into consideration the trends in future air traffic management.





85.2.23    BASIS FOR THE ICAO SPECTRUM STRATEGY



	8.2.23.1    The ICAO spectrum strategy in this chapter has been developed on the basis of current global and regional plans for implementing CNS systems and UAS  until about 2035. It identifies the spectrum necessary for each of the CNS and UAS elements and each relevant frequency band, including specific regional requirements which are part of the overall ICAO spectrum strategy.



	8.2.25.3.2    It consists of a high-level ICAO spectrum strategy (8.2.3) and of a set of specific strategy statements for each frequency band (8.2.4). The high-level strategy is applicable to all frequency bands and should be regarded as the basis for the band-by-band strategy statements, and for the relevant ICAO policy statements contained in Section 7-IIVolume B.



	8.2.25.3.3    In many cases, aeronautical radiocommunication, radiodetermination and radionavigation systems, including UAS currently in use will continue to operate well beyond 2035, either on a global basis or in certain regions. The strategy identifies requirements for the medium term  and until and beyond 2035. Spectrum requirements identified for the long term indicate that such spectrum is expected to be necessary for an undetermined period, extending to well beyond 2035.



	8.2.25.3.4    The strategy, including the timescale, will be updated on a regular basis taking into consideration developments in the use of current and new CNS systems, including UAS, as reflected in the GANP Technology Roadmaps.



	5.2.5    The ICAO spectrum strategy is consistent with the Fifth Edition of the ICAO Global Air Navigation Plan (GANP, Doc 9750), and in particular with the Technology Roadmaps contained in Appendix 5 of the GANP. Future developments of the plan will be taken into account as part of the strategy update process, as discussed in n.n, which addresses future systems and strategy evolution.





8.2.35.4    ICAO HIGH-LEVEL SPECTRUM STRATEGY



		ICAO HIGH-LEVEL SPECTRUM STRATEGY



•	To secure the continuing availability of adequate radio frequency spectrum to support the current and planned aeronautical CNS infrastructure, including UAS requirements as laid out in the Global Air Navigation Plan (GANP) and in the Regional Air Navigation Plans.

•	To enable the advancement of technological innovation to maintain and enhance the safety and security of the global air transport system as well as increased efficiency in spectrum utilization.

•	To ensure that proposals for new or modified allocations 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, including UAS or affect the safety of aviation.

•	To support efficient use of the frequency bands allocated to relevant aeronautical services by developing globally harmonized terrestrial-system frequency assignment planning criteria and a global frequency assignment plan in support of the GANP, while recognizing 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, including UAS, which provide 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.










8.35.5    FUTURE SYSTEMS AND

STRATEGY EVOLUTION



	8.35.5.1    Growth in air traffic requires new ways of planning and enhanced ground, airborne and satellite infrastructure in order to reduce ATM costs, maintain safety, reduce the environmental impact of each flight and enhance the passenger experience. A process of international discussion and agreement, normally involving a minimum of five years for operational and technical finalization of system parameters followed by an adoption process taking several additional years (as prescribed in the ICAO Convention), is necessary to ensure that any new systems introduced as part of the infrastructure evolution are appropriate and safe. Other aeronautical systems not requiring international agreement to this degree can often be developed and implemented in a shorter timescale, but still require a minimum of several years to reach maturity and acceptance. In all these cases, the actual implementation of these systems requires additional time for implementation (e.g. regional agreement) in aircraft and on the ground, and a positive business case justifying the commitment of adequate financial resources.



	5.58.3.2    In general, the standardization and the introduction of new systems will have to be consistent with the framework laid out in the GANP and may require updates to one or more of its Technology Roadmaps. This, in turn, may translate into updates to specific elements of the ICAO band-by-band spectrum strategy.



	5.58.3.3    The impact on the ICAO spectrum strategy of the introduction of a new system will depend, inter alia, on which of the three following general categories the system falls into with respect to its spectrum requirements:



	a)	aviation systems that can be accommodated in existing allocations, with necessary footnote modifications, or less commonly, with modification to the allocation status or description;



	b)	aviation systems that require additional spectrum allocations for reasons of compatibility or frequency availability; and



	c)	other systems with multi-service application capability whose aviation requirements can be integrated with the other applications, entailing changes to allocation, modification of band limits or footnotes or, less commonly, a completely new allocation.



	5.58.3.4    In any case, the allocation of spectrum for new services and systems in frequency bands already allocated for aeronautical use will have to be consistent with the high-level ICAO spectrum strategy and will need to take place within the framework set by the relevant ICAO SARPs for communication, navigation and surveillance (CNS) systems, as well as other (industry) standards that apply to current operational systems.



	Note.— Requirements for spectrum for meteorological radar and meteorological satellite systems are addressed by the World Meteorological Organization (WMO). However, specific requirements for airborne weather radar systems are included in the ICAO spectrum policy.





8.45.6    CHALLENGES



	8.45.6.1    For many years, aeronautical radio frequency spectrum has been targeted for use by non-aeronautical services, in particular to satisfy requirements for mobile (terrestrial) and mobile-satellite communications. This has, for example, led to the loss of spectrum that was once allocated exclusively for aeronautical mobile-satellite communications (1.5/1.6 GHz) and to the introduction of non-aeronautical services in bands previously allocated for aeronautical use on an exclusive basis (e.g. the fixed-satellite service in the frequency band 5 091–5 250 MHz, the non-safety aeronautical mobile service for telemetry in the frequency band 5 091–5 150 MHz and the radionavigation-satellite service in the frequency band 5 000–5 030 MHz). This has created the potential for interference and/or loss of spectrum capacity to satisfy current and future aeronautical requirements for CNS systems.



	8.45.6.2    There is currently pressure to release significant amounts of spectrum to support future commercial mobile communications and broadband wireless applications. Between 500 MHz and 1 200 MHz of bandwidth is being sought, mainly While new systems can operate from UHF up to Ka and above, additional bandwidth has mainly been sought in the range from 300 MHz to 6 GHz. This range includes frequency bands used by a large number of safety-critical aeronautical systems, including ILS glide path, DME, primary and secondary radar, ACAS, AMS(R)S, GNSS, VSAT aeronautical networks and radio altimeters.



	8.45.6.3    Another new element that may affect the future availability of radio frequency spectrum for aviation is the possible introduction of “spectrum pricing” which may have a significant economic impact on the aviation industry as a whole.
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Attachment A



BAND-BY-BAND SPECTRUM STRATEGY





1.8.2.4    ICAO specific band-by-band spectrum strategy for the frequency bands used by civil aviation



		ICAO spectrum strategy for aeronautical communication systems (Reference: ICAO Doc 9750, Appendix 5, Roadmaps 1 and 2)



		Frequency band

		AeronauticalAeronautical use

		Timescale

		ICAO spectrum strategy

		Risk factors

		Vision statement



		2 850–22 000 kHz

(portions in accordance with RR Appendix 27

		HF air-ground communications

(voice and data)

		Long term

		Secure the continuing availability of the HF frequency bands 2 850–22 000 kHz which are allocated to aeronautical mobile (R) service for use by air-ground communications on a global basis.



Initiate a mid-term action plan for the insertion of wideband HF communication.

		Current threats to aviation access in this band include emissions from wireless power transfer, power line communications and cable TV.

		Initiate an action plan for the long-term usereplacement  reinforcementto reinforce  of HF communications capability with SATCOM.



to ensure an effective integration of wideband HF communications.



		108–117.975 MHz

		GBAS; 

VDL Mode 4

		Long term

		Secure the continuing availability of the frequency band 112–117.975 MHz (108–117.975 for GBAS), which is allocated to the aeronautical mobile (R) service, for use by GBAS and VDL Mode 4 on a global basis.



Consider, subject to spectrum availability and spectrum requirements, the use of this band to accommodate VHF air-ground communication systems.

		Current threats to aviation access in this band include emissions from new digital modulation types in the FM broadcast band, power line communications and cable TV.

		Coordinate an action plan for the long-term ICAO- National Aviation Authorities and spectrum regulators.



		117.975–137 MHz

		VHF air-ground; voice, VDL Mode 2 and VDL Mode 4

		Long term

























Mid term

		Secure the continuing availability of the frequency band 117.975–137 MHz, which is allocated to the aeronautical mobile (R) service, for use by VHF air-ground voice and data link on a global basis.



Monitor progress on the development of the future air-ground data link and the implementation of 8.33 kHz channelization.



Conduct regular capacity analysis of the existing band and, if necessary, develop and evaluate strategies for a targeted extension of the band.



Initiate a mid-term action plan for the insertion of satellite-based VHF frequencies.

		Current threats to aviation access in this band include emissions from power line communications and cable TV, and harmonics from industrial, sciencescientific and manufacturingmedical (ISM) systems.

		Plan for the long-term replacement of 25 kHz Double-Sideband Amplitude Modulation (DSB-AM) voice communications with more spectrum efficient systems (e.g. 8.33 kHz DSB-AM).



The severe congestion being experienced in core Europe could be overcome through the timely deployment of a future air-ground data link (probably operating in L-band).



To support Trajectory Based Operations (TBO) and reduce aircraft separation in oceanic airspace



		960–1 164 MHz

		Air-ground

UAT

LDACS

1090ES

		Long term

		Support the implementation of new systems in the aeronautical mobile (R) service in the frequency band 960–1 164 MHz (LDACS).



Secure the continuing availability of the frequency band 960–1 164 MHz, which is allocated to the aeronautical mobile (R) service, for use by air-ground,air-air and air-satelliteair data link systems, by ADS-B via 1 090 MHz extended squitter and UAT.



Implementation of these data links must take place under the express condition that no interference is caused to the aeronautical radionavigation service operating in this frequency band (e.g. DME and SSR).

		This band is extremely attractive to other (non-aviation) sectors (e.g. programme making and special events (PMSE)). However, because of the large and growing number of aeronautical services operating in this band, it is unlikely that non-aeronautical allocations can be accommodated.

		Plan for the efficient use of the band by aeronautical systems.



		1 525–1 559 MHz



and



1 626.5–1 660.5 MHz

		Air-ground satellite communications

(Inmarsat, MTSAT)

		Long term

		Support retention of RR No. 5.357A in order to ensure sufficient access on a global basis by the aeronautical mobile-satellite (R) service in the bands 1 545–1 555 MHz and 1 646.5–1 656.5 MHz to support the requirements for aeronautical satellite safety communications.



    Note.— In these frequency bands, priority access should be provided for aeronautical safety communications within a network.



Ensure that any new or existing uses of these frequency bands will not cause harmful interference to the use of the bands by the aeronautical mobile-satellite (R) service.



    Note.— In the United States in the bands 1 555–1 559 MHz and 1 656.5–1 660.5 MHz, the aeronautical mobile-satellite (R) service has priority and immediate access over other mobile-satellite communications within a network.

		This band is attractive to other sectors including PMSE and terrestrial broadband communications.

		This band is extensively used for aeronautical satellite safety communications and should be safeguarded against the potential for interference from terrestrial services.



		1 610–1 626.5 MHz

		Air-ground satellite communications

(IRIDIUM)

		Long term 

		Support the continuing retention of the allocation to the aeronautical mobile-satellite (R) service (E‑s, s-E) in the frequency band 1 610–1 626.5 MHz.



    Note.— This frequency band has been allocated to the aeronautical mobile-satellite (R) service on a primary basis as per RR No. 5.367.

		

		



		3 400–4 200 MHz

		VSAT for aeronautical networks and AMS(R)S feeder links

		Long term

		Support the continuing retention of the allocation to the FSS and adequate protection from other co-band and adjacent band services.

		This band is attractive to other sectors including international mobile telecommunications (IMT).

		Although this band is widely used for mobile service (IMT) and fixed service. ICAO 



ensures the availability of an augmented communications infrastructure in region 1, using FSS (VSAT), to meet the overall communications infrastructure requirements of the International Civil Aviation Organization (ICAO) and ensure the distribution of meteorological information.



		4 200–4 400 MHz

		WAIC

		Long term

		Secure the continuing availability of the frequency band 4 200–4 400 MHz, which is allocated to the aeronautical radionavigation service, for use by airborne radio altimeters on a global basis.

		

		Develop SARPs.



IWAIC and radio altimeter share the same frequency band, the vision is to identify opportunities to develop new radio altimeters that are spectrally efficient and resilient to interference.



		5 000–5 150 MHz (5 000–5 030 MHz, 5 030–5 091 MHz, 5 091–5 150 MHz)

		AeroMACS 



UAS terrestrial and satellite C2/C3 communications

		Long term

		Secure the continuing availability of the frequency band 5 091–5 150 MHz, which is allocated to the aeronautical mobile (R) service, for use by on-airport communications (AeroMACS) on a global basis.



    Note.— While not in the Radio Regulations, some States may, on a national basis, allocate the 5 000–5 030 MHz band to the AM(R)S for use by AeroMACS.



Secure future implementation of the aeronautical mobile (R) service and the aeronautical mobile-satellite (R) service in the frequency band 5 030–5 091 MHz to support air-ground communications for unmanned aircraft systems while satisfying the spectrum requirements for MLS.

		

		Ensure interference-free spectrum availability for surface communications to back up VHF and satellite communications, thereby ensuring the safety and regularity of airport surface flights globally.










		ICAO spectrum strategy for aeronautical radio navigation service systems (Reference: ICAO Doc 9750, Appendix 5, Roadmap 5)



		Frequency band

		Aeronautical use

		Timescale

		ICAO spectrum strategy

		Risk factors

		Vision statement



		130–535 kHz

		NDB

		Global: medium term



Regional: long term

		Secure the continuing availability of the frequency band 130–535 kHz, parts of which are allocated to the aeronautical radionavigation service, on a global basis for use by NDB systems for at least the medium term and, in the long term, on a regional basis.



    Note.— Long-term use may be required to support national requirements.

		The progressive withdrawal planned by the States may encourage the beginning of a process for the sharing of this band by other non-aeronautical systems, which may create situations of interference for the NAVAIDS still in Service.Risk to re-allocate the band 130–535 kHz to other non-aeronautical services.

		EEnsure a gradual withdrawal of the NDB and ensurensure that the spectrum currently allocated to the aeronautical radionavigation service is preserved till the total withdrawal of NDB



Consider the possibilities of reuse the 130–535 kHz band for an alternative aeronautical system..



		74.8–75.2 MHz

		Marker beacon

		Long term

		Secure the continuing availability of the frequency band 74.8–75.2 MHz, which is allocated to the aeronautical radionavigation service, for use by marker beacons on a global basis.

		Current threats to this band include the increase of man-made noise due to, for example, PLC modems producing signal components as high as 300 MHz.



Non-use of Marker beacons could result in a risk of reallocation of the 74.8-75.2 MHz band to other non-aeronautical services.

		Consider a plan for the replacement of marker beacons by DME or other suitable technologies such as GNSS-based distance-to-threshold indicators.



in the event of removal of the Marker beacon, Consider an alternative aeronautical system to ensure that the currently allocated spectrum is preserved. for the benefit of future aeronautical systems.



		108–112 MHz

		ILS — localizer

		

		Secure the continuing availability of the frequency band 108–117.975 MHz, which is allocated to the aeronautical radionavigation service, for use by ILS-localizer on a global basis.

		An external threat to this band is compatibility with FM broadcasting operating in the band 88–108 MHz (see Resolution 413 (Rev. WRC 12)). 

Risk of Hybrid FM to spill into 108–117.975 MHz, (Report ITU-R BS.2503-0 (03/2022))


It has been reported that FM broadcast transmissions are not in accordance with the assumptions set out in the standard compatibility assessment contained in ITU-R SM.1009-1.

A new external threat is interference from hybrid or fully digital broadcasting transmissions in the band 87-108 MHz  (Report ITU-R BS.2503-0 (03/2022))




		Consider long-term (post 2030) replacement of ILS and protection of GBAS for use up to Cat III in the band 108–117.97550 MHz.















Ensure that the VHF band of 108–117.950 MHz band remains free of any interference for new aeronautical systems with the arrival of new FM digital sound broadcasting technologies.



		328.6–335.4 MHz

		Glide path

		

		Secure the continuing availability of the frequency band 328.6–335.4 MHz, which is allocated to the aeronautical radionavigation service, for use by ILS – glide path on a global basis.

		There are no known threats to this band from other sectors seeking spectrum access. However, some States report that the increasing levels of man-made noise pose a threat to ILS deployment. The adjacent bands are used by military authorities for fixed and mobile services, including air-ground communications. There is a small guard band of around 400 kHz at each end of the aeronautical allocation.

		



		108–117.975 MHz

		VOR

		Long term

		Secure the continuing availability of the frequency band 108–117.975 MHz, which is allocated to the aeronautical radionavigation service, for use by VOR on a global basis.

		Identical to those for the ILS localizer.

		

Consider rationalization long-term (post 2030) removal of some VOR as an integral part of the PBN implementation plan and reuse by GBAS of anythe frequencies that may become available.by GBAS (align with NSP rationalization plan).



		960–1 215 MHz

		DME

		Long term

		Secure the continuing availability of the frequency band 960–1 215 MHz, which is allocated to the aeronautical radionavigation service, for use by DME on a global basis. 

		This band is extremely attractive to other sectors, particularly IMT. Because of the large and growing number of aeronautical services operating in this band, it is essential that changes to the existing allocations are strongly opposeddefended.

		Support studies to determine if there is a long-term optimization of the distance measuring function that could release spectrum, deliver identical or better performance and provide legacy support for use in those parts of the world where DME/VOR will remain, while also being implementable.



		1 559–1 610 MHz

		—

		—

		This band is primarily used to support GNSS systems.



This band is also allocated to the aeronautical radionavigation service. No strategy has been developed for the future use of this band by the aeronautical radionavigation service.

		Current risks include proposals in some countries for adjacent-band high power terrestrial systems, and the proliferation of GNSS jamming systems. These risks are compounded by the large and growing number of aeronautical operations dependent on GNSS signals.

		Dual-frequency, multi-constellation equipment should be encouraged.



		5 030–5 091 MHz

		MLS

		Long term

		Secure the continuing availability of the frequency band 5 030–5 091 MHz, which is allocated to the aeronautical radionavigation service, for use by the microwave landing system (MLS) on a global basis to meet the spectrum requirements for the MLS.



Assess, on a regional basis, requirements for the long-term implementation of MLS to establish the spectrum requirements for MLS.

		

		







		ICAO spectrum strategy for Global Navigation Satellite Systems (Reference: ICAO Doc 9750, Appendix 3, Roadmap 5)



		Frequency band

		Aeronautical use

		Time scale

		ICAO spectrum strategy

		Risk factors

		Vision statement



		1 164–1 215 MHz

		GNSS (GPS, GLONASS, Galileo, Beidou, SBAS)GNSS

		Long term

		Secure the continuing availability of the frequency band 1 164–1 215 MHz, which is also allocated to the radionavigation-satellite service, for use by GNSS systems on a global basis, taking into consideration the radio regulatory conditions for using this band.

		Concern about increase in numbers of DMEs, for example to improve area navigation or as a back-up to GNSS, impacting GNSS.



In the GNSS frequency band 1 164–1 215 MHz, impact of the second harmonic of IMT stations that use frequency band 470–694 MHz is possible.

		Dual-frequency, multi-constellation equipment should be encouraged.



Contribute to the further strengthening of regulatory measures to reduce the risks of interference to GNSS.



		1 559–1 610 MHz

		GNSS (GPS, GLONASS, Galileo, Beidou, SBAS)GNSS

		Long term

		Secure the continuing availability of the frequency band 1 559–1 610 MHz, which is allocated to the aeronautical radionavigation and the radionavigation satellite services, for use by aeronautical GNSS systems, including augmentation systems, on a global basis.



Support the development of regulatory measures to enforce prevention and removal of occurrences of in-band and out-of-band interference.

		There is the ongoing risk of intentional interference (e.g. from GPS jammers and spoofers) and unintentional interference (e.g. from pseudolites and GNSS repeaters). Regulatory and enforcement measures may be necessary to contain these threats.



In the GNSS frequency band 1 559–1 610 MHz, impact of the second harmonic of IMT stations that use frequency bands 694–790 MHz and 790–862 MHz is possible, as well as impact of spurious emissions of IMT stations that use frequency band 1 427–1 518 MHz.

		Contribute to the further strengthening of regulatory measures to reduce the risks of interference to GNSS.



Dual-frequency, multi-constellation equipment should be encouraged.









		ICAO spectrum strategy for aeronautical surveillance systems (Reference: ICAO Doc 9750, Appendix 3, Roadmaps 3 and 4)



		Frequency

band

		Aeronautical use

		Time scale

		ICAO spectrum strategy

		Risk factors

		Vision statement



		1 030 MHz 



and 



1 090 MHz

		SSR

		Long term

		Secure the continuing availability of the 1 030 MHz and 1 090 MHz frequencies, which are allocated to the aeronautical radionavigation service, for use by SSR on a global basis.

		The popularity of these frequencies, in particular 1 090 MHz, make channel loading management necessary to ensure proper operation of SSR equipment. Introduction of remotely piloted aircraft systems (RPAS) are of particular concern if they were to try to use these channels.

		To facilitate future growth and maintain system performance, it will become necessary to more carefully manage the signal-in-space. This will require further formal coordinated spectrum and frequency management processes.



		1 215–1 350 MHz

		Primary surveillance radar

		Long term

		Secure the continuing availability of the frequency band 1 215–1 350 MHz, which is allocated to the radionavigation and aeronautical radionavigation service, for use by primary surveillance radar on a global basis.

		

		In the future, there is a probability that access to the band will be required by new technologies that are being developed for airport approach radar, such as multi-static primary surveillance radar (MSPSR) systems. These technologies may deploy new modulation techniques and high duty-cycle or continuous transmissions. MSPSR is being studied for use in terminal areas. Provision will need to be made for compatibility studies with PSR.



		2 700–2 900 MHz

		Primary surveillance radar

		Long term

		Secure the continuing availability of the frequency band 2 700–2 900 MHz, which is allocated to the aeronautical radionavigation service, for use by primary surveillance radar on a global basis.



Where, in adjacent frequency bands, mobile systems are in use, (e.g. WIMAX and LTE), secure protection of radar stations from harmful interference from mobile systems operating in adjacent bands.

		This spectrum is attractive to the IMT sector for mobile broadband services. Compatibility studies have shown band sharing between PSR and mobile services (i.e. long-term evolution (LTE)) not to be feasible. This is supported by experience of the roll-out of LTE in the band 2 670–2 690 MHz, which caused harmful interference to aeronautical PSRs operating in the band 2 700–3 100 MHz. The 2 700–2 900 MHz frequency band is also being considered in some countries for video PMSE.

		Develop new non-cooperative surveillance techniques that are spectrally efficient and resilient to interference.



		9 000–9 200 MHz

		Primary surveillance radar

		Long term

		Secure the continuing availability of the frequency band 9 000–9 200 MHz, which is allocated to the aeronautical radionavigation service, for use by ground-based radar systems on a global basis.

		

		



		9 300–9 500 MHz

		Primary surveillance radar

		Long term

		Secure the continuing availability of the frequency band 9 300–9 500 MHz, which is allocated to the aeronautical radionavigation service, for use by airborne weather radar and ground-based radar on a global basis.

		

		



		15.4–15.7 GHz

		Primary surveillance radar

		Long term

		Secure the continuing availability of the frequency band 15.4–15.7 GHz, which is allocated to the aeronautical radionavigation service, for use by ground-based radar systems on a global basis.

		

		



		24.25–24.65 GHz

		Primary surveillance radar

		Long term

		Secure the continuing availability of the frequency band 24.25–24.65 GHz, which is allocated to the radionavigation service, for use by ground-based radar systems in Region 2 and 3.

		WRC-19 IMT will consider the possibility of sharing the band.

The frequency band 24.25-27.5 GHz is identified for uthe use by the terrestrial component of International Mobile Telecommunications (IMT)/  (RESOLUTION 242 (REV.WRC-23))

		



		31.8–33.4 GHz

		Primary surveillance radar



Enhanced flight vision systems

		Long term

		Secure the continuing availability of the frequency band 31.8–33.4 GHz, which is allocated to the radionavigation service, for use by primary surveillance radar to support airport surveillance detection equipment (ASDE radar) on a global basis. This band is also used for enhanced flight vision systems (EFVS).

		WRC-19 IMT will consider the possibility of sharing the band.

		









		ICAO spectrum strategy for aeronautical airborne (stand-alone) [radar] systems



		Frequency

band

		Aeronautical use

		Time scale

		ICAO spectrum strategy

		Risk factors

		Vision statement



		4 200–4 400 MHz

		Radio altimeter

		Long term

		Secure the continuing availability of the frequency band 4 200–4 400 MHz, which is allocated to the aeronautical radionavigation service, for use by airborne radio altimeters on a global basis.

		Current risks include potential for IMT identification in adjoining, or nearby, frequency bands.

		To define an interference mask.



Develop SARPs.



Identify opportunities to develop new radio altimeters that are spectrally efficient and more resilient to interference.



		5 350–5 470 MHz

		Airborne weather radar

		Long term

		Secure the continuing availability of the frequency band 5 350–5 470 MHz, which is allocated to the aeronautical radionavigation service, for use by airborne weather radar on a global basis.

		 Overused tape; risk of in-band interferenceBand overused, risk of interferences caused in band sharing services. 



WRC-31  !!!!

		Seek to develop smaller outline 5 GHz systems that are spectrally efficient, can be used by all types of aircraft and are resilient to interference.



		8 750–8 850 MHz

		Airborne Doppler and ground mapping radar

		Long term

		Secure the continuing availability of the frequency band 8 750–8 850 MHz, which is allocated to the aeronautical radionavigation service, for use by airborne Doppler radar and ground mapping radar on a global basis.

		

		Develop Standards and specifications to support future compatibility and capacity studies.



		9 300–9 500 MHz

		Airborne weather radar, ground-based radars, and ground-based radar beacons

		Long term

		Secure the continuing availability of the frequency band 9 300–9 500 MHz, which is allocated to the aeronautical radionavigation service, for use by airborne weather radar, and ground-based radar, and ground-based radar beacons on a global basis. 

		

		Develop Standards and specifications to support future compatibility and capacity studies.



		13.25–13.4 GHz

		Airborne Doppler and ground mapping radar

		Long term

		Secure the continuing availability of the frequency band 13.25–13.4 GHz, which is allocated to the aeronautical radionavigation service, for use by airborne Doppler radar and ground mapping radar on a global basis.

		

		Develop Standards and specifications to support future compatibility and capacity studies.
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Attachment B



ACRONYMS AND ABBREVIATIONS





AAC	Aeronautical administrative communications

ACAS	Airborne collision avoidance system

ACP	Aeronautical Communications Panel (ICAO)

ADF	Automatic direction finder

ADS	Automatic dependent surveillance

ADS‑B	Automatic dependent surveillance‑broadcast

ADSP	Automatic Dependent Surveillance Panel (ICAO)

AEEC	Airlines Electronic and Engineering Committee

ALS	Aircraft landing system

AM(OR)S	Aeronautical mobile (off-route) service (ITU)

AM(R)S	Aeronautical mobile (route) service (ITU)

AMS(OR)S	Aeronautical mobile-satellite (off-route) service (ITU)

AMS(R)S	Aeronautical mobile-satellite (route) service (ITU)

AMSS	Aeronautical mobile-satellite service

AMT	Aeronautical mobile telemetry

ANC	Air Navigation Commission (ICAO)

AOC	Aeronautical operational control

APC	Aeronautical passenger communications

APT	Asia-Pacific Telecommunity

ARINC	Aeronautical Radio, Inc.

ARNS	Aeronautical radionavigation service (ITU)

AS	Aeronautical security

ASDE	Airport surface detection equipment

ASMG	Arab Spectrum Management Group

ATC	Air traffic control

ATM	Air traffic management

ATS	Air traffic service

ATU	African Telecommunications Union

AWOP	All Weather Operations Panel (ICAO)

AWR	Airborne weather radar

CAT	Category (of landing)

CCIR	International Radio Consultative Committee

CDMA	Code division multiple access

CEPT	Conférence Européene des Administrations des Postes

	    et des Télécommunications

	    (European Conference of Postal

	    and Telecommunications Administrations)

CISPR	International Special Committee on Radio Interference

CITEL	Comisión Interamericana de Telecomunicaciones

	    (Inter-American Telecommunication Commission)

CNS	Communications, navigation and surveillance

COSPAS/SARSAT	International satellite system for search and rescue

CPM	Conference Preparatory Meeting (ITU)

DGNSS	Differential global navigation satellite system

DME	Distance measuring equipment

DME/N	Distance measuring equipment-normal

DME/P	Distance measuring equipment-precision

DSB	Double sideband

DSB-AM	Double sideband-amplitude modulation

EASA	European Aviation Safety Agency

EESS	Earth exploration-satellite service

e.i.r.p.	Equivalent isotropically radiated power

ELT	Emergency locator transmitter

EMC	Electromagnetic compatibility

EPIRB	Emergency position-indicating radio beacon (ITU)

e.r.p.	Effective radiated power

ETSI	European Telecommunications Standards Institute

EUROCAE	European Organization for Civil Aviation Electronics

FAA	Federal Aviation Administration

FANS	Future air navigation systems

FCC	Federal Communications Commission

FDMA	Frequency division multiple access

FIS-B	Flight information service-broadcast

FM	Frequency modulation

FMSG	Frequency Management Study Group (ICAO)

	    (now FSMP)

FSMP	Frequency Spectrum Management Panel

	  (successor of ACP WG/F (frequency))

FSS	Fixed-satellite service (ITU)

GBAS	Ground-based augmentation system

GLONASS	Global orbiting navigation satellite system

GMDSS	Global maritime distress and safety system

GNSS	Global navigation satellite system

GPS	Global positioning system

GPWS	Ground proximity warning system

GSO	Geostationary orbit

HF	High frequency

HFDL	High frequency data link

IATA	International Air Transport Association 

IEC	International Electrotechnical Commission

ILS	Instrument landing system

IMO	International Maritime Organization 

IMT	International mobile telecommunications

ISM	Industrial, scientific and medical

ITU-R	International Telecommunication Union —    Radiocommunication Sector

ITU-T	International Telecommunication Union —    Telecommunication Standardization Sector

JAA	Joint Aviation Authorities

LADGPS	Local area differential global positioning system

LDACS	L-band data link aeronautical communication system

LF	Low frequency

MASPS	Minimum aviation system performance standards

MES	Mobile Earth station

MF	Medium frequency

MIFR	Master International Frequency Register

MLS	Microwave landing system

MOPS	Minimum operational performance standards

MOU	Memorandum of Understanding

MPR	Multi-purpose radar

MPS	Minimum performance specification

MSPSR	Multi-static primary surveillance radar

MSS	Mobile-satellite service (ITU)

MWARA	Major world air route area (ITU)

NDB	Non-directional radio beacon

NGSO	Non-geostationary orbit

NM	Nautical mile(s)

NSP	Navigation Systems Panel (ICAO)

OR	Off‑route

PAR	Precision approach radar

PRF	Pulse repetition frequency

PSR	Primary surveillance radar

R	Route (or en route)

RAS	Radio astronomy service (ITU)

RCC	Regional Commonwealth in the Field of Communications

RDARA	Regional and domestic air route area (ITU)

RDSS	Radiodetermination-satellite service (ITU)

RF	Radio frequency

RLS	Radiolocation service

RNAV	Area navigation

RNS	Radionavigation service

RNSS	Radionavigation-satellite service

RPAS	Remotely piloted aircraft systems

RR	Radio Regulations (ITU)

RSMS	Radar sensing and measurement system

RTCA	RTCA Inc. (Radio Technical Commission for Aeronautics)

SARPs	Standards and Recommended Practices

SIT	Shipborne interrogator-transponder

SMGCS	Surface movement guidance and control system

SRD	Short-range device

SSB	Single sideband

SSR	Secondary surveillance radar

TACAN	Tactical air navigation

TIS-B	Traffic information service-broadcast

TSO	Technical Standard Order

UAS	Unmanned aircraft systems

	(equivalent ICAO acronym is RPAS)

UAT	Universal access transceiver

UHF	Ultra-high frequency

UWB	Ultra-wideband

VDL	Very high frequency digital link

VGE	Voluntary Group of Experts (ITU)

VHF	Very high frequency

VLF	Very low frequency

VOR	VHF omnidirectional radio range

VSAT	Very small aperture terminal 

WAAS	Wide area augmentation system

WAIC	Wireless avionics intra-communications

WARC	World Administrative Radio Conference (ITU)

WP	Working Party (ITU)

WRC	World Radiocommunication Conference (ITU)
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