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SUMMARY

The purpose of this paper is to provide insight into the two methodologies of equivalent power flux density limits and power flux density limits.
1.
Introduction

1.1 At the November meeting of WGF in Bangkok, Thailand, the concept of equivalent power flux density (epfd) limits was introduced as a method to ensure compatibility between the aeronautical radionavigation service (ARNS) and radionavigation satellite service (RNSS) operating in the 1164-1215 MHz band.  The Global Navigation Satellite System Panel (GNSSP) had proposed the use of power flux density (pfd) limits, so the question arose as to the difference between the two approaches.  The purpose of this paper is to provide insight into the two methodologies.
2.

Discussion

2.1 Both methods have as their basis the protection of ARNS receivers from excess power.  In addition, both attempt to protect those receivers by limiting the RNSS signal power that can occur at the space-side of the ARNS antenna.  Finally, both try to simplify the very complex interaction of multiple satellites and multiple constellations, to determine the interference actually visible to the ARNS receiver.  They differ really only in the application of that simplification.

2.2 PFD - The pfd approach uses simulation of sample constellation(s) to determine the average ARNS receiver antenna gain toward the satellites in view.  By repeating for a large number of aircraft configurations and satellite geometries, the worst-case average gain (Gawc) can be determined.  Multiplying that average gain by the worst-case number of satellites in view, will provide an over-bound (because the Gawc wasn’t necessarily calculated for the condition with most satellites in view) of satellite power as viewed by the ARNS receiver – for that sample constellation(s).  The concern raised by some members was that it may not provide an over-bound if the actual fielded constellation(s) differ significantly – for example by having multiple fixed geostationary satellites – from that assumed in the Gawc simulation.  It does have the benefit however of being relatively simple to determine compliance as the total pfd would simply be divided by the worst-case number of co-frequency satellites in view, and the resultant pfd allocated to each satellite.  Further conservatism is fostered by limiting the satellite transmitter power such that the per-satellite pfd is not exceeded even under peak satellite antenna gain conditions.
2.3 EPFD - The epfd approach attempts to avoid up-front assumptions by not performing the simplifying analysis until the “Compliance with epfd” phase.  This is accomplished by using peak ARNS antenna gain (vice Gawc as used by pfd) to set the not-to-exceed
 epfd limit. During the compliance phase the actual constellation(s) fielded would be simulated, and the worst-case received power – as visible to the ARNS receiver – would be determined.  During that simulation the actual satellite antenna gain toward the victim receiver would also be included in the power calculation, giving more flexibility to the satellite system designer.  Satellite/constellation power must then be controlled such that the worst-case aggregate received power does not exceed the specified epfd limit.  While this offers the benefit of modeling the actual fielded constellation, it makes determining compliance more difficult.
3.

Conclusion

3.1 Both the pfd and the epfd approaches have as their basis assurance that the aggregate RNSS power does not exceed a given ARNS receiver threshold.  They differ only in the assumptions that take that receiver-based “dBm level” and convert it to a space-based “flux density”.  Simplicity in compliance determination (pfd) versus level determination (epfd) are the trade-off.  In any case however, the selected level should be an absolute, and not tied to any type of “shall not be exceeded more than xx% of the time” requirement.
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� It should be noted that some applications of epfd methodology tie a percentage to “not exceed”, as in “the received power cannot exceed the epfd limit more than xx% of the time”.  For aviation safety services it is unclear how a value for xx other than zero could be justified.
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