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	Purpose/Objective:  To provide further updates and direction on this item

	Abstract: At the previous meeting of WP7D, work continued on this item with the U.S. as an active participant. Among the views noted on the output was that there is no definition of unintended electromagnetic radiation in the ITU-R Radio Regulations and action towards a Report or Recommendation would be immature.

This input is intended to characterize unintended electromagnetic radiation and its impacts on radio astronomy to serve as a foundation for future work.

Rather than starting a new report, the U.S. instead suggests a minor addition to the Handbook on Radio Astronomy.
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Unintended electromagnetic radiation from spaceborne electrical devices (new section 4.7.6)
Summary
At the previous meeting of WP7D, work continued on this item with the U.S. as an active participant. Among the views noted on the output was that there is no definition of unintended electromagnetic radiation in the ITU-R Radio Regulations and action towards a Report or Recommendation would be immature.
This input is intended to suggest a new direction: including efforts to document unintended emission and radio astronomy in the ITU-R Handbook on Radio Astronomy.
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4.7.6	Unintended electromagnetic radiation from spaceborne electrical devices
In early 2023, astronomers working with the Low Frequency Array (LOFAR) radio telescope reported detecting electromagnetic radiation from non-GSO satellites at observing frequencies 110–188 MHz and argued that the likely source of radiation was electronics onboard from satellites, well below the 10.7–12.7 GHz downlink frequency used by the satellite network.[footnoteRef:1]  . This These radiation measured electromagnetic signals was were composed of both broad- and narrow-band (bandwidth < 12.2 kHz) features, which varied between satellites.  at different orbital altitudes, indicating possible differences in satellite operations and/or hardware within the networ The spectral power flux densities of these featuresmeasured electromagnetic signals, as calculated from the authors’ observations and assumptions, exceeded the thresholds for harmful interference to radio astronomy systems determined in Recommendation ITU-R RA.769-2 by orders of magnitude.  [1:  Di Vruno et al., Astronomy & Astrophysics 676, A75 (2023)] 

This detection of unintended electromagnetic radiation (UEMR)is discovery presented presents a novel challenge., because aAlthough the unintended electromagnetic radiation (UEMR) may exceed ed established harmful interference thresholds at the radio telescope, the ITU-R only regulates emissions that are intentionally used for radiocommunication services. It is in the best interests of both the radio astronomy and fixed/mobile satellitespace-based services to better characterize the phenomenon, identify the sources, and explore means of mitigation.  Radio astronomers are presently most interested in very sensitive observations in the 50 – 200 MHzVHF range for studying the Epoch of Reionization; given the propagation distances in this range, these are hence, this range is the most important place frequencies for space-based services providers—including satellite operators of large satellite constellations— to understand their UEMR emissions when designing and testing their satellite systems.
Typical sources of UEMR noise can be broadly categorized as switching power components (can impact 100 kHZ up to 100 MHz), ) or signal and compute nodes (higher speed switching nodes may generate interference in the 10s of MHz up to GHz range), and RF subsystems (out-of-band spurious emissions from intended transmissions, including harmonics). Possible mMitigation strategies can be broken down into three general categories: 1) Hinclude hardware design decisions; 2) S and software modifications.; and 3) Operational adjustments. 

Hardware design decisions would specifically include ensuring good, printed circuit board assembly (PCBA) )-level filtering of power and signal paths, adjustment of switching frequencies to avoid RAS bands, and good shielding of harnesses, integrated circuits, and PCBA enclosures. Software modifications would could consider operational set points of power systems or switching frequencies above. Operation adjustment could be by disabling major sources of interference during transit over radio astronomy sites, requiring identification of the primary contributors of UEMR per unit/subassembly. There is no one-size-fits-all solution, but a combination of these mitigations may be deployed to minimize the impact.  It is imperative for astronomers to identify the key low frequency bands of interest and geographic locations of facilities conducting these observations for mitigations to be successful.  In at least one case, upon scientific reporting of the discovery of UEMR led a satellite company to identify the source and begin designing mitigations.  	Comment by Author: FCC cuts out “operational adjustments” as a mitigation strategy, but leaves “switching frequencies to avoid RAS bands” as a “hardware design decision” in the next paragraph, which sounds more like an operational adjustment to me.	Comment by Author: This sounds like an “operational adjustment”	Comment by Author: These both sound like operational adjustments. At the least, switching frequencies can’t be called both a hardware and a software modification.
Mitigation strategies developed during design of satellite systems should may be paired with ground (anechoic chamber) and in-orbit measurements to verify success.  At present the 50 – 200 MHz range is of highest interest to radio astronomers.
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