Demonstration of EPFD Compliance
This document describes the studies performed to demonstrate that Apogee will operate in compliance with the EPFD limits described in the ITU Radio Regulations ("RR's") Article 22, specifically for the Ku-band and Ka-band frequencies proposed for Apogee. The Ku-band segments include the 10.7 to 12.7 GHz (space-to-Earth)  frequency band. The Ka-band segments include 17.8 to 20.2 GHz (space-to-Earth) and 27.5 to 30.0 GHz (Earth-to-space) frequency bands.
EPFD Validation Software
The evaluation of compliance with the EPFD limits were performed with the latest ITU EPFD validation software in compliance with ITU-R S.1503-2. This software has been developed specifically to demonstrate compliance with the ITU RR's Article 22 EPFD limits. All plots depicted in this document were generated using the EPFD software.
Downlink EPFD
The downlink PFD masks are generated in an Az/El format in accordance with the EPFD software manual. For this system, the masks are expressed in terms of azimuth and elevation related to the sub-satellite point and vary as a function of satellite latitude. The software does not allow the masks to vary for rising and falling satellites, and hence the masks are an upper envelope of the satellite power flux density over all possible operational modes. The masks also include a latitude-based exclusion mechanism that avoids interference with users of geostationary orbit satellites who have priority in these bands. Specifically, the satellite PFD has been set to a very low value for sub-satellite latitudes between 27.5S and 27.5N to simulate a non-operational satellite. In addition, the software configuration has been set such that the satellite is non-operational below altitudes of 14,000 km, as configured in the orbit tables of the constellation database.
For Ku-band and lower frequency Ka-band, the PFD masks were generated to be consistent with a constant satellite PSD of -24.3 dBW/Hz directed at all visible earth fixed locations. This is a worst-case behavior that is consistent with operating the steerable satellite beams over any visible location from the satellite. A similar strategy has been used for the higher frequency Ka-band, but with a lower power-spectral density of -28.3 dBW/Hz.
For all runs, the minimum elevation angle has been set to five degrees and the number of simultaneously operating satellites has been set to two. Both of these are bounding on the intended operation of the Apogee satellite.
The figures below depict the cumulative density functions (CDF) of the EPFD as calculated by the validation software for the various cases spelled out in Article 22 of the ITU Radio Regulations.
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Inter-Satellite EPFD
As described in the EPFD software manual, the inter-satellite masks are required to be in an off-axis format describing the EIRP (as measured at the NGSO satellite) off of boresight for the space system. The masks are allowed to vary as a function of sub-satellite latitude, but must be the same for rising and falling satellites. 
Following a similar logic as described for the downlink EPFD analysis, the EIRP masks used for this analysis represent steering a beam with a constant PSD towards any visible earth-fixed location. This is consistent with a worst-case behavior for the steerable (and non-steerable) beams on the Apogee satellites. This upper envelope is computed independently for all off-axis angles. To capture the worst-case roll-off level, the masks have been generated at 10.7 GHz. The masks include the same latitude-based exclusion strategy described in the Downlink EPFD section: The power levels for the satellite have been set to extremely low values between the sub-satellite latitudes of 27.5S and 27.5N.
There are two inter-satellite EPFD limits which apply to the Apogee system: Inter-satellite EPFD limits at 10.7 GHz and at 17.8 GHz. The plots below show compliance with these limits.
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Uplink EPFD
The uplink EPFD analyses have been performed for two different classes of uplink earth-station: End User Terminals, which are assumed to be more densely deployed and use smaller antennas, and Gateway Terminals, which are sparsely deployed but use very large antennas. For the purposes of this analysis, the uplink EPFD was calculated based on a 50cm user antenna operating at 30GHz and a 9m gateway antenna operating at 30GHz. The uplink antenna masks were generated based on ITU-R F.1245-2.
As described in ITU-R S.1503-2, the EPFD software models the uplink interference by assuming that earth-stations are deployed in a grid with system-specific densities. The densities are defined in terms of a cell-spacing in kilometers and number of simultaneously transmitting earth-stations within a square kilometer. For the user uplink scenario, the values used were a cell-spacing of 1000km and a density of 0.00000175 users per square kilometer. For the gateway scenario, the cell-spacing was set to 1000km and the user population was set to 0.000001 users per square kilometer, reflecting a very small number of gateways across the visible earth.
 The software also allows the specification of an exclusion strategy based on what is referred to in the ITU-R S.1503-2 document as an 'alpha' angle, which is "the minimum angle at the GSO earth station between the line to the non-GSO satellite and the lines to the GSO arc ". For both scenarios, this exclusion angle was set to 17.5 degrees, which is consistent with the downlink operating conditions specified in the earlier sections of this document.
The plots below show the resulting cumulative density functions of EPFD as generated by the EPFD software.
Gateway Uplink EPFD Results
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User Uplink EPFD Results
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Databases
Included with this report are eight database files which can be used with the EPFD software to produce the results above:
· apogee_user_uplink_masks: Mask files for the EPFD-up analysis of the user uplink.
· apogee_user_uplink_srs: SRS files for the EPFD-up analysis of the user uplink.
· apogee_gateway_uplink_masks: Mask files for the EPFD-up analysis of the gateway uplink.
· apogee_gateway_uplink_srs: SRS files for the EPFD-up analysis of the gateway uplink.
· apogee_kaband_masks: Mask files for the EPFD-down analysis at 18.6 GHz and 19.7 GHz.
· apogee_kaband_srs: SRS files for the EPFD-down analysis at 18.6 GHz and 19.7 GHz
· apogee_kuband_lowkaband_masks: Mask files for the EPFD-down and inter-satellite EPFD analysis below 18.6 GHz 
· apogee_kuband_lowkaband_srs: SRS files for the EPFD-down and inter-satellite EPFD analysis below 18.6 GHz
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