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Derivation of the WAIC Spectral Mask

(Presented by John Mettrop)

	SUMMARY

	Given the recent discussions within the Frequency Spectrum management Panel with respect to the spectral mask that should be applied to WAIC, this paper looks at the regulatory requirements and identifies the minimum and two alternative masks that could be applied



INTRODUCTION
Over the last few meetings, the FSMP have debated the spectral mask that should be used and whether that should conform to the mask contained in ITU-R Recommendation SM.1541. This document explores the regulatory requirement and how that relates to ITU-R SM.1541 making a recommendation as to three spectral masks, minimum regulatory requirement & 2 other masks, each of which could be used as a spectral mask for WAIC being not only compliant with the Radio Regulations but also.
discussion
Overview
1.1.1 The Radio Regulations through Article 3 and Appendices 1 & 3 define the spectral characteristics of a transmitted signal as illustrated below:

Necessary Bandwidth
1.1.2 The necessary bandwidth is defined in Article 1.152 of the Radio Regulations as “For a given class of emission, the width of the frequency band which is just sufficient to ensure the transmission of information at the rate and with the quality required under specified conditions”. Appendix 1 of the Radio Regulations indicates that Formulae and examples of emissions designated in accordance with this Appendix are given in Recommendation ITU-R SM.1138-3[footnoteRef:2]. [2:  Recommendation ITU-R SM.1138 is incorporated by reference and therefore part of the Radio Regulations however other Recommendations such as SM.853 which also provide examples of how to calculate the necessary bandwidth of a system but are not part of the Radio Regulations.] 

Out-of-Band Emissions
1.1.3 Article 3.6 requires that “Transmitting stations shall conform to the maximum permitted power levels for unwanted emissions in the spurious domain specified in Appendix 3”. Whilst Article 3.7 requires that “Transmitting stations shall conform to the maximum permitted power levels for out-of-band emissions, or unwanted emissions in the out-of-band domain, specified for certain services and classes of emission in the present Regulations. In the absence of such specified maximum permitted power levels transmitting stations should, to the maximum extent possible, satisfy the requirements relating to the limitation of the out-of-band emissions, or unwanted emissions in the out-of-band domain, specified in the relevant ITU-R Recommendations”. 
1.1.4 Given that Recommendation ITU-R SM.1541 addresses “Unwanted Emission in the Out-of-Band domain” it can be considered as one of the Recommendations referred to in Article 3.7 however, given that Article 3.7 “should” rather than “shall” use of this reference is not mandatory. Therefore, there is no mandatory requirement for the power limit within the out-of-band domain other than it needs to be consistent with the requirements at the boundaries with the necessary bandwidth and the spurious domain. However, given that article 3.8 requires that “every effort should be made to keep frequency tolerances and levels of unwanted emissions at the lowest values which the state of the technique and the nature of the service permit” .there is no reason why ITU-R SM.1541 should not be applied if is practical
Spurious Emissions
1.1.5 Appendix 3 of the Radio Regulations defines the “Maximum Permitted Power Level for Unwanted Emissions in the Spurious Domain.
1.1.6  In table 1 of Appendix 3 there are several service categories/equipment types and the minimum required attenuation below the power supplied to the antenna transmission line. Given that WAIC is providing a aeronautical communication function but that there is no specific requirement for aeronautical communication services it could be argued that it fits under the generic category (e.g. all services except those services quoted below). However, given the maximum radiated power of WAIC is defined as -20dBm (10µW) it can be categorized as a low-power device (<100mW). Therefore, it is categorized and hence the generic category no longer applies. 
1.1.7 Applying the formula for calculating the required attenuation below the power supplied to the antenna transmission line (56+10log(Pwatts) or 40 dBc) for 10 µW results in a required attenuation at the spurious domain limit of 6dB as measured in a reference bandwidth of 1 MHz.
Boundary between the Out-of-Band and Spurious Domains
1.1.8 ITU-R Recommendation SM.1539 provides guidance on how the boundary between the out-of-band and spurious domains is defined, based on the necessary bandwidth of the emission.  Specifically, Annex 1 provides details on how definition of the boundary varies with the bandwidth of the emission from the nominal value of 250% NB. 
Resultant Spectral Mask
1.1.9 Based on WAIC being considered a low-power device the spectral mask as defined by the Radio Regulations is as follows, noting that the reference bandwidth is 1 MHz.
[image: ]
Comparison with the Requirements of SM.1541 Annex 11
1.1.10 Overlaying the requirement from Annex 11 of SM.1541, which as established earlier is not mandatory, onto the radio regulatory requirements would appear to give the following where the two requirements appear to be totally inconsistent:
[image: ]
1.1.11 However, the out-of-band requirements given in SM.1541 are measured in a 4kHz reference bandwidth as opposed to 1 MHz for as specified for spurious emissions. Applying the relevant bandwidth correction factor results in the following comparison where the two requirements are much more consistent:
[image: ]

Conclusions
To be in line with the Radio Regulations then the WAIC spectral mask would need to conform to the following mask:
	As Measured in 1MHz
[image: ]
	As Measured in 4kHz
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However, were it desirable to incorporate the requirements of SM.1541 Annex 11 either partially (e.g. -35 dBc by the boundary with the spurious domain) or totally (-35 dBc by the 150% of the necessary bandwidth) then one of the two masks indicated below could be selected on a voluntary basis:
[image: ]
Combining the three requirements together then WAIC could use one of the 3 spectral masks given below, noting that only the one defined by the Radio Regulations is mandatory although the others may be selected on a voluntary basis:
[image: ]
[bookmark: _Hlk95723733]Combining the three requirements together then WAIC could use one of the 3 spectral masks, as measured in a 4kHz reference bandwidth, given below, noting that only the one defined by the Radio Regulations is mandatory although the others may be selected on a voluntary basis. My preference, in line with Article 3.8, would be for the -35 dBc applied at the 150% of necessary bandwidth but I believe any of the 3 masks presented would be acceptable and meet the radio regulatory requirements:
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Description automatically generated]
Given that  the WAIC Correspondence Group have specified the  most stringent of the applying an attenuation of 35 dBc at 150% of the necessary bandwidth as measured in a reference bandwidth of 4kHz (grey line above) the radio regulatory requirements , the spirit of Recommendation ITU-R SM.1541 and Article 3.8 have been met.
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