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	SUMMARY

	Proposed policy text for the revised ICAO Spectrum Handbook providing guidance for spectrum in the development of new aviation standards at ICAO.  The proposal is provided for incorporation into the new Vol. B – Spectrum Management.




INTRODUCTION
As discussed in FSMP WG-08 Working Paper 07[footnoteRef:1], aviation has been in a reactionary stance while defending many aviation systems from spectrum changes.  Part of it has been due to unknown system performance, while other issues have centred on unplanned spectrum changes not accounted for in the system design.  With continued pressure on the spectrum, and the subsequent changes made by national spectrum regulators, friction from spectrum changes will only increase.   [1:  See FSMP WG-08 WP07 (behind ICAO FSMP protected area)] 

Therefore, aviation must be designing its future system to be mindful of both potential changes and the lessons learnt from previous spectrum incidents.  Unfortunately, experience of spectrum management is not common and a niche subject even amongst experienced RF engineers.  The result is new systems being designed without the knowledge that could greatly increase their resilience (and therefore aviation safety), and even prevent a future retrofit of aircraft systems.  Providing best practice guidance material at the ICAO level to system designers and aviation standards bodies would go a long way to support new system development, and show aviation is considering the long term for spectrum planning.  
DISCUSSION
Annex A is a draft section for inclusion in spectrum management volume of the revised ICAO spectrum handbook (Doc 9718).  It has drafted text on spectrum considerations in aviation systems development, providing best practice guidance with the necessary ITU-R requirements for emissions.  Several points should be understood in the writing of the text:
· The guidance is aimed at the ICAO SARPs process, but would obviously be relevant and visible to the RTCA, EUROCAE, AEEC, etc. processes for consideration without ICAO attempting to dictate policy to private standards entities.  
· The guidance is deliberately framed in a best practice form, using examples where possible given the potentially ranges of audience backgrounds.
· Explicit statement that this guidance should not be considered retroactively for existing aviation systems unless they are being updated.
· New material has been added for both transmitter and receiver guidance.  This needs to be clarified further for specific limits given the current uncertainty on their compatibility with each other.
SUMMARY
Ensuring spectrum considerations in future systems should provide greater assurance to aviation in its promotion and protection of aeronautical systems.  Although it will not address immediate issues, planning for the long-term is critical and the review of the ICAO policy provides a good opportunity to implement such a process.  
ACTION BY THE MEETING
The meeting is invited to:
note and review the contents of this working paper.
Add to the current Vol. B – Spectrum Management draft as a placeholder for further development
Request contributions on the topic at the next FSMP WG.
— END —

Annex A
Suggested text for ICAO Spectrum Handbook (Doc 9718) – Vol. B – Spectrum Management

X.X Spectrum Considerations in Aviation Systems Development

The design and implementation of aviation systems is a fundamental part of the promotion and protection of aeronautical spectrum.  Since aviation systems are built upon international standards that define and certify performance, spectrum efficiency and protection should be a priority during their design and standardization.  While this may increase the complexity of some system designs, the life cycle cost of inefficient or inflexible spectrum usage can often impact a system’s operation by several orders of magnitudes greater than any savings achieved in the design phase.  Such design improvements also increase the reliance and efficiency of the systems, supporting aviation safety.  Poor or undocumented aviation system design may be used as justification by national spectrum regulators to ignore aviation concerns and force future retrofits to accommodate spectrum changes.  

To assist the many different standards organizations creating specifications for international aviation systems, the following spectrum guidance is strongly recommended when weighing the necessary performance, cost and operational considerations.  With exception of international requirements from the ITU-R, these guidelines are not specified as absolute requirements, as it is recognized that multiple trade-offs are required in the development of a system.  However, efforts should be made to test new systems to ensure they are the best practicable design for the most efficient spectrum usage, justifying where such a trade-off has been made.

X.X.X Applicability

Some or all of these guidelines should be implemented in the development of future systems within ICAO Annex 10, dependent on the system and its operation, be it for communications, navigation, or surveillance.  Although outside of ICAO’s remit, it is recommended that such guidance be considered by regional and domestic standards organizations in the private development of aviation systems.  It shall not be retroactively applied to existing aviation systems unless they are being updated.  

X.X.X International spectrum requirements

Systems should comply with the following ITU-R publications on bandwidth, out-of-band, and spurious emissions.  Definitions on the ITU-R terms can be found in ITU-R Radio Regulations[footnoteRef:2] and Recommendation ITU-R SM.328 (Spectra and Emissions)[footnoteRef:3]: [2:  https://www.itu.int/pub/R-REG-RR-2016 ]  [3:  https://www.itu.int/rec/R-REC-SM.328/en ] 

· Maximum permitted power levels for unwanted emissions in the spurious domain – ITU-R Radio Regulations, Appendix 3
· Unwanted emissions in the spurious domain – ITU-R Recommendation SM.329[footnoteRef:4] [4:  https://www.itu.int/rec/R-REC-SM.329/en ] 

· Noise and sensitivity of receivers – ITU-R Recommendation SM.331[footnoteRef:5] [5:  https://www.itu.int/rec/R-REC-SM.331/en ] 

· Selectivity of receivers - ITU-R Recommendation SM.332[footnoteRef:6] [6:  https://www.itu.int/rec/R-REC-SM.332/en ] 

· Defining necessary bandwidth – ITU-R Recommendation SM.853[footnoteRef:7] [7:  https://www.itu.int/rec/R-REC-SM.853/en ] 

· Unwanted emissions in the out-of-band domain falling into adjacent allocated bands – ITU-R Recommendation SM.1540[footnoteRef:8] [8:  https://www.itu.int/rec/R-REC-SM.1540/en ] 

· Out of band emissions limits – ITU-R Recommendation SM.1541-6[footnoteRef:9] [9:  https://www.itu.int/rec/R-REC-SM.1541/en ] 


X.X.X Conceptual spectrum guidance
· The RF interference environment should not be assumed to remain constant over the life of the system.  All aviation receivers should implement the best practicable internal or external filtering to mitigate possible or likely future changes in the same, or adjacent, frequency bands.  
· Ambiguous/missing parameters in aviation standards may cause non-aviation audiences to misinterpret the necessary protection requirements when assessing spectrum compatibility between non-aviation and aviation systems. All relevant transmitter and receiver RF performance for both in-band and the adjacent frequency bands should be clearly specified to prevent ambiguity. 
· Aviation spectrum and infrastructure will continue to be constrained in the future, and systems unable to adapt to these changes will be limited their full potential.  Operating/technical requirements to overcome design issues should not assume a consistent channel planning or external guard bands outside of the system’s frequency allocation.
· Aviation systems should ensure that the information types and domains (safety/non-safety) are suitable for the spectrum allocation they operate within.  Unless suitable mitigations can be demonstrated to the approval of aviation regulators, safety of life aviation information and signals should be kept within the appropriate aeronautical safety allocations.  
· Spectrum re-use of systems operating co-site, by minimizing adjacent band planning restrictions, should be strongly encouraged for efficient channel planning.

X.X.X Technical spectrum guidance – Transmitter functions
· Transmission power (and potentially bandwidth depending on the system) should only use the minimum levels needed to achieve performance, dynamically adapting to the RF conditions and operational requirements. 
· Minimize use of needed spectrum through more efficient waveforms and reduction/compression of information to be sent.
· Out of band emissions from transmitters should be reduced to the lowest practicable levels, and compared to the mean power should roll off to at least:
[Note: these are a placeholder and should be expected to be revised once more clarification is sought.]
· -25 dBC between 50-150 % of the channel necessary bandwidth offset from the center frequency (see ITU-R Recommendation SM.1540)
· -35 dBC between 150-250% of the channel necessary bandwidth offset from the center frequency (ITU-R Recommendation SM.1540)
· –(43 + 10 log P) or -70 dBc (whichever is less stringent), above 250% of the channel necessary bandwidth offset from the center frequency (ITU-R Recommendation SM.329)
· -23 dBC by the edge of the spectrum allocation (overrides the above requirements if applicable)

X.X.X Technical spectrum guidance – Receiver functions
· Robust interference protection against adjacent frequency overload from both CW and pulsed RF sources.  Although this could come from many sources, most spectrum changes currently focus on new cellular spectrum, with terrestrial towers and handsets using OFDM carriers that can peak at 45 dBW over 1-100 MHz bandwidths (more characteristics can be found in ITU-R Report M.2292).[footnoteRef:10]  Although this may not cover all worst case scenarios, it is currently the most common new spectrum entrant. [10:  Report ITU-R M.2292-0, Characteristics of terrestrial IMT-Advanced systems for frequency sharing/interference analyses.] 

· Tolerance from increased external noise into the wanted frequency of the receiver.  Aviation has seen increased examples of wideband noise sources (LED lighting, ultra-wide band systems) affecting aviation systems.  Anecdotal evidence also suggests the RF noise floor is slowly rising due to additional man-made sources of RF noise.  Therefore, system design should consider options to counter this where possible, such as modulation detection and accuracy/integrity detection.
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