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	SUMMARY

	This document asks the question whether, based on recent experiences with mobile technologies at 2.6 & 4 GHz, aviation should seek to tighten the transmit spectral mask requirements and better define receiver selectivity requirements as defined in the Radio Regulations and ITU Recommendations.




[bookmark: _Hlk143418823]INTRODUCTION
Aviation has been caught out twice within recent years by the introduction of mobile technology into frequency bands close to those used by aeronautical systems. This document, based on those instances asks the question whether aviation should seek to tighten the transmit spectral mask requirements and better define receiver selectivity requirements as defined in the Radio Regulations and ITU Recommendations and makes a proposal for a working paper to the ITU.
DISCUSSION
Around 2010 LTE was in the process of being or about to be deployed. In the UK knowing that the 2.6 GHz frequency band was close to the primary radar frequency band 2.7-3.1 GHz Ofcom commissioned a study to understand the impact the radar spurious emissions would have on the deployment of LTE. Fortunately, the team undertaking the study had some spare time and decide to check the impact the LTE signal would have on the primary radar. The results of that testing clearly indicated that if nothing was done about the situation the radar would experience harmful interference and that if action was not taken then the radars would have to be withdrawn from service. Upon further investigation it was determined that the issue lay with the radars having little or no frontend RF filtering. As a result, at least in the UK, the start of LTE services in the 2.6 GHz frequency band was delayed until new frontend RF filters had been designed and fitted to all existing civil S-band radars operating in the frequency band 2.7-3.1 GHz to address the problem.
More recently the introduction of 5G mobile services around 4 GHz has raised issues with potential interference into radio altimeters and similar to the situation with LTE new front-end filters have had to be designed and fitted to some or all radio altimeters to address the threat posed by the fundamental power from the 5G base stations. However, during the theoretical studies an additional threat was identified where the spurious emissions from the 5G base stations falling into the passband of the radio altimeter could also cause harmful interference to the operation of the radio altimeter. This effect only occurred if you assume that the roll-off of the 5G base stations spectral mask does not continue beyond the point where you enter the spurious domain and achieve a certain level of additional attenuation.
The two cases briefly described above highlight that aeronautical systems, and possibly those operating in other services, are potentially vulnerable to interference from the introduction of new systems in frequency bands that are close to those used by the incumbent systems. In the case of aviation, we are more likely to be vulnerable due to the age of our equipment designs that were developed when spectrum congestion was not a problem. 
The two cases indicate there are potentially two different issues that need to be addressed the capability of a victim receiver to reject the fundamental signal of a potential interference source and the level of spurious emissions generated by a potential interference source that fall within the passband of the victim receiver. The first situation is something that can be controlled through the design of the potential victim receiver however the level of spurious generated by the introduction of a new system is outside of the control of the potential victim designer/operator.
Ability of a receiver to reject a potential interfering signal.
To date there is little regulatory guidance on the required ability of a receiver to reject other signals.  The Radio Regulations only make the following four statements about receivers:
3.9 	The bandwidths of emissions also shall be such as to ensure the most efficient utilization of the spectrum; in general this requires that bandwidths be kept at the lowest values which the state of the technique and the nature of the service permit. Appendix 1 is provided as a guide for the determination of the necessary bandwidth.
3.10 	Where bandwidth-expansion techniques are used, the minimum spectral power density consistent with efficient spectrum utilization shall be employed.
3.11 	Wherever necessary for efficient spectrum use, the receivers used by any service should comply as far as possible with the frequency tolerances of the transmitters of that service, due regard being paid to the Doppler effect where appropriate.
3.12 	Receiving stations should use equipment with technical characteristics appropriate for the class of emission concerned; in particular, selectivity should be appropriate having regard to No. 3.9 on the bandwidths of emissions.
3.13 	The performance characteristics of receivers should be adequate to ensure that they do not suffer from interference due to transmitters situated at a reasonable distance and which operate in accordance with these Regulations.
Generally, the philosophy has been that you control the design of your receivers and therefore how robust you want those receivers to be from other interference sources is under your own control. There is also an assumption that designs will evolve over time to take account of the changing spectral landscape and that a change to the Radio Regulations is an early notification that action may be required.
How can this be addressed? There are two options, either aviation can accept the general philosophy that has prevailed in the past and use more robust receiver designs or we can seek a change to that philosophy though the inclusion of more detailed regulatory with respect to the minimum selectivity of receivers.
Transmitter spurious emissions
The Radio Regulations do provide guidance on a transmitters spectral mask in appendices 1,2 & 3 which incorporate by reference Recommendation SM.1138-3. However, these appendices have not been updated for some time whilst technology has improved making it easier to build transmitters that generate greater power and newer waveforms which allow for better use of the spectrum.
In the past there has always been an assumption that the spectral mask of a transmitter will continue to roll-off beyond the boundary between the out-of-band and spurious domains. However, as spectrum has become more congested, transmitters more powerful and trust between the various sectors less so the limits applied to spurious emissions have been demonstrated to be inadequate.
As with the issues around receiver design above there are two potential solutions, maintain the current regulations and re-establish trust between the various sectors about roll-off or seek changes to the regulations to tighter control a transmitters spectral mask.
The question mark therefore is whether aviation wants and has the resource to seek a change in the regulatory framework to introduce better receiver performance requirements and improvements to the transmitter spectral mask requirements. It should be noted that the transmit spectral mask current defined in the Radio Regulations is based on the necessary bandwidth of the signal but that the formulae for calculating that necessary bandwidth do not consider many modern waveforms used in aviation and hence will also need to be updated.
Additionally, if aviation decides it does want to seek changes to the regulations related to transmitter spectral mask and receiver selectivity then it must be seen to be adopting such an approach to it’s own equipment design.
AS I believe that Study Group 1 intend to review with a view to revising their recommendations in relation to transmitter and receiver design this might be an opportune moment to seek these changes and I would therefore suggest that the FSMP supports the submission of the attached paper to the ITU.
ACTION BY THE MEETING
[bookmark: _Hlk16835805]The meeting is invited to:
note and review the contents of this working paper.
Support the need for change to the to the regulations related to transmitter spectral mask and receiver selectivity
Support the submission of the attached paper to the ITU
— END —


ATTACHMENT

Requirement for Tighter Transmitter Spectral Mask Requirements and Better Definition of Required Receiver Selectivity
(ICAO)

1. INTRODUCTION
In recent years aviation has had to react to two incidents of where mobile technology has been introduced into frequency bands close to those used by aeronautical systems. This document, based on those instances seeks action by the ITU to initiate work on updating the regulatory framework and guidance material with respect to tightening the transmit spectral mask requirements and better define receiver selectivity requirements.
DISCUSSION
Prior to the widespread deployment of LTE ICAO was made aware of some test results that clearly indicated that the deployment of LTE in the 2.6 GHz frequency band would cause harmful interference to radars operating in the range 2.7-31. GHz. The implication of which would be that the radars would have to be withdrawn from service. Upon further investigation it was determined that the issue lay with the radars having little or no frontend RF filtering. As a result, in some countries, the start of LTE services in the 2.6 GHz frequency band was delayed until new frontend RF filters had been designed and fitted to all existing civil S-band radars operating in the frequency band 2.7-3.1 GHz to address the problem.
More recently the introduction of 5G mobile services around 4 GHz has raised issues with potential interference into radio altimeters and similar to the situation with LTE new front-end filters have had to be designed and fitted to some or all radio altimeters to address the threat posed by the fundamental power from the 5G base stations. However, during the theoretical studies an additional threat was identified where the spurious emissions from the 5G base stations falling into the passband of the radio altimeter could also cause harmful interference to the operation of the radio altimeter. This effect only occurred if you assume that the roll-off of the 5G base stations spectral mask does not continue beyond the point where you enter the spurious domain and achieve a certain level of additional attenuation.
The two cases briefly described above highlight that aeronautical systems, and possibly those operating in other services, are potentially vulnerable to interference from the introduction of new systems in frequency bands that are close to those used by the incumbent systems. In the case of aviation, systems are likely to be more vulnerable due to the age of our equipment designs that were developed when spectrum congestion was not a problem. 
The two cases above indicate there are two different issues that need to be addressed, the capability of a victim receiver to reject the fundamental signal of a potential interference source and the level of spurious emissions generated by a potential interference source that fall within the passband of the victim receiver. The first situation is something that can be controlled through the design of the potential victim receiver. However, the level of spurious generated by the introduction of a new system is outside of the control of the potential victim designer/operator.

Ability of a receiver to reject a potential interfering signal.
To date there is little regulatory guidance on the required ability of a receiver to reject other signals.  The Radio Regulations only make the following four statements about receivers:
3.9 	The bandwidths of emissions also shall be such as to ensure the most efficient utilization of the spectrum; in general this requires that bandwidths be kept at the lowest values which the state of the technique and the nature of the service permit. Appendix 1 is provided as a guide for the determination of the necessary bandwidth.
3.10 	Where bandwidth-expansion techniques are used, the minimum spectral power density consistent with efficient spectrum utilization shall be employed.
3.11 	Wherever necessary for efficient spectrum use, the receivers used by any service should comply as far as possible with the frequency tolerances of the transmitters of that service, due regard being paid to the Doppler effect where appropriate.
3.12 	Receiving stations should use equipment with technical characteristics appropriate for the class of emission concerned; in particular, selectivity should be appropriate having regard to No. 3.9 on the bandwidths of emissions.
3.13 	The performance characteristics of receivers should be adequate to ensure that they do not suffer from interference due to transmitters situated at a reasonable distance and which operate in accordance with these Regulations.
Generally, the philosophy has been that you control the design of your receivers and therefore how robust you want those receivers to be from other interference sources is under your own control. There is also an assumption that designs will evolve over time to take account of the changing spectral landscape and that a change to the Radio Regulations is an early notification that action may be required.
How can this be addressed? There are two options, either accept the general philosophy that has prevailed in the past and use more robust receiver designs or we can seek a change to that philosophy though the inclusion of more detailed regulatory with respect to the minimum selectivity of receivers.
Transmitter spurious emissions
The Radio Regulations do provide guidance on a transmitters spectral mask in appendices 1,2 & 3 which incorporate by reference Recommendation SM.1138-3. However, these appendices have not been updated for some time whilst technology has improved making it easier to build transmitters that generate greater power and newer waveforms which allow for better use of the spectrum.
In the past there has always been an assumption that the spectral mask of a transmitter will continue to roll-off beyond the boundary between the out-of-band and spurious domains. However, as spectrum has become more congested, transmitters more powerful and trust between the various sectors less so the limits applied to spurious emissions have been demonstrated to be inadequate.
As with the issues around receiver design above there are two potential solutions, maintain the current regulations and re-establish trust between the various sectors about roll-off or seek changes to the regulations to tighter control a transmitters spectral mask.

The question mark therefore is whether aviation wants and has the resource to seek a change in the regulatory framework to introduce better receiver performance requirements and improvements to the transmitter spectral mask requirements. It should be noted that the transmit spectral mask current defined in the Radio Regulations is based on the necessary bandwidth of the signal but that the formulae for calculating that necessary bandwidth do not consider many modern waveforms and hence will also need to be updated.
It is therefore proposed that action should be taken to initiated work within the ITU to review with a view to revising the relevant Recommendations in relation to transmitter and receiver design.
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