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	Abstract: 

This document outlines various methods for calculating epfd, applying data-loss criteria (Rec. ITU-R RA.769 and Rec. ITU-R RA.1513), and assessing the effects of avoiding direct illumination of radio telescope locations, including transmission shutdown around the radio telescope boresight. This evaluation will include aggregate emissions from initially a single satellite system and could be expanded in the future to include multiple systems. Any such techniques are evaluated as optional, operator-specific implementations for study purposes; nothing in this Report implies that any avoidance/shutdown technique is generally applicable, feasible for all systems and observatories, or intended to be mandated through the Radio Regulations.
With this study we aim to combine methods for the generation of satellite trajectories, telescope beam models, and epfd computations, to enable a statistically reproduceable estimate for data loss under different avoidance and scheduling scenarios, while taking previous contributions on this topic to 7D into account.
This document would provide a shared and transparent reference to facilitate comparative evaluation across satellite systems and inputs from different administrations at prior meetings. It is also anticipated to support this statistical study by providing comparison of protection criteria with example measurements between an operational satellite and a radio astronomy system.
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Introduction

This newly developed document outlines various methods for calculating epfd, applying data-loss criteria (Rec. ITU-R RA.769 and Rec. ITU-R RA.1513), and assessing the effects of avoiding direct illumination of radio telescope locations, including transmission shutdown around the radio telescope boresight. This evaluation will include aggregate emissions from initially a single satellite system and could be expanded to include multiple systems.
This study aims to combine methods for the generation of satellite trajectories, telescope beam models, and epfd computations, to enable a statistically reproduceable estimate for data loss under different avoidance and scheduling scenarios, while taking previous contributions on this topic to 7D into account.
It is also anticipated to support this statistical study by providing comparison of protection criteria with example measurements between an operational satellite and a radio astronomy system.
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[bookmark: _Toc220568890]1 Introduction

This contribution aims at investigating the impact these new interference-mitigation techniques could have on the relationship between the single entry and aggregate interference levels into RAS stations. The intention of this report is to serve as reference on how compatibility studies with RAS stations could be performed while, e.g. invoking telescope boresight avoidance techniques. Other technical and operational approaches may be applied depending on system design and observatory operations; e.g. in case of smaller satellite systems with less operational redundancies or for satellite systems that have technical and operational characteristics that are incompatible with techniques such as telescope boresight avoidance. This could include methods employed by a RAS station, e.g. avoiding scheduling telescope pointing toward known satellite transmissions.

[bookmark: _Ref204862428][bookmark: _Toc220568891]2	Protection criterion
{Editor’s note: The text in this section was taken from 7D/231}
Footnote No. 5.340 prohibits all emissions in multiple frequency bands, including the 10-68-10.7 GHz (except those provided for by No. 5.483), but there is currently no regulatory provision ensuring the protection criterion of RAS in the Radio Regulation for this band.
Recommendation ITU-R RA.769-2 contains a list of the bands allocated to RAS and their associated detrimental level of interference, including the band 10.68-10.7 GHz. Three categories of interference thresholds are provided in this recommendation: an interference power, a power flux density (pfd) or a spectral power flux density. Given the radio telescope receiving bandwidth where the integration of the measurements is performed, it makes sense either to retain the interference power or the pfd. As these two metrics are equivalent by  factor, it is proposed to consider the pfd interference level for this study.
Recommendation ITU-R RA.1513-2 provides the percentages of time associated to the exceedance of interference thresholds[footnoteRef:1] detailed in Recommendation ITU-R RA.769-2. This parameter corresponds to the percentage of integration periods (expressed in seconds) of the radiometer for which the interference level at the radio telescope exceeds the interference threshold. For the sake of simplicity, we will refer to the protection criterion the combination of the interference threshold values with the percentage of time of Recommendation ITU-R RA.1513-2. [1: ] 

Table 2
RAS protection criteria to be considered for this study
	Parameter
	Value

	Pfd threshold level of interference detrimental to continuum observations at the input of the RAS antenna (dBW/m2)
	−160

	Measurement time for each sample (s)
	2000

	Percentage of time for single non-GSO system
	2%

	Percentage of time samples for all sources of interference[footnoteRef:2] [2: 	Recommendation ITU-R RA.1513 indicates that “the aggregate data loss resulting from interference to the RAS is considered to be 5% of time from all source” and that “Further study of the apportionment of the aggregate interference between different networks is required”. In this contribution it is assumed that the aggregate interference from multiple non-GSO systems should not exceed 5%.] 

	5%



[bookmark: _Toc220568892]3	RAS station characteristics
For the purposes of this report, the term “RAS station” denotes a radio astronomy receiving system operating in one or more of the bands allocated to this service, with technical characteristics consistent with Recommendations ITU-R RA.769-2, RA.1631-0 and RA.1513-2. The present section defines, in generic terms, the parameters that shall be specified for each station included in the simulations, and the assumptions used when station-specific information is not available. 
The geographical location of each RAS station is described by its geodetic latitude, longitude and altitude above mean sea level. These quantities determine, in conjunction with the Earth model adopted for orbit propagation, which satellites are visible at a given time and with which azimuth and elevation they appear in the local topocentric frame. Because many non-GSO satellite systems employ specific orbital inclinations, the station latitude has a strong influence on the density of satellite tracks across the accessible sky and hence on the distribution of equivalent power flux-density (EPFD) values encountered during the simulations.
Each station is further characterized by an operational minimum elevation angle. Below this angle, scientific observations are normally not carried out due to mechanical constraints, horizon obstructions or excessive atmospheric attenuation. In accordance with Resolution 739 (Rev.WRC-19), a default minimum elevation of 5° may be adopted in the absence of a more restrictive station-specific value. It should be noted, however, that satellites below the minimum elevation may still contribute to interference via the near and far sidelobes of the RAS antenna, and these contributions are therefore included in the EPFD calculations even when the main-beam pointing is constrained to higher elevations.
The receive antenna of the RAS station is modelled by its diameter, observing frequency and full-sphere gain pattern. Where measured patterns are not available, the reference pattern of Recommendation ITU-R RA.1631-0 is used as a generic model. This pattern includes a high-gain, narrow main beam whose width scales approximately with λ/D, surrounded by a sequence of near sidelobes and a far-sidelobe pedestal at large off-axis angles. Since aggregate interference from large non-GSO constellations is often dominated by satellites located in sidelobes rather than in the main beam, the use of a full-sphere pattern is essential.
The receiver characteristics required for the application of Recommendation ITU-R RA.769-2 include the system temperature, receiver bandwidth and nominal integration time. In line with RA.769-2 and RA.1513-2, the default integration time adopted for compatibility studies in this Report is 2000 s. If other integration times are explored in sensitivity analyses, the corresponding RA.769-2 thresholds shall be scaled appropriately and any deviation from the 2000 s standard explicitly documented.
Two observing modes are considered for the RAS station:
· Topocentric (fixed-azimuth/elevation) mode: the antenna boresight is held at a fixed azimuth and elevation in the local horizon frame over the 2000-s interval, representative of drift-scan or fixed-beam survey operations.
· Celestial tracking (inertial) mode: the antenna tracks a celestial source at fixed right ascension and declination in an Earth-centered inertial frame, resulting in slow variation of azimuth and elevation as the Earth rotates.
Both modes are used in the simulations, as they correspond to common radio astronomical observing strategies and can lead to different statistics of boresight crossings by non-GSO satellites. For each station and band, the simulations shall clearly indicate which observing mode is assumed.
Finally, the implementation of boresight-avoidance interference-mitigation techniques requires that the instantaneous pointing direction of the RAS station be available to the non-GSO system with sufficient temporal resolution. In the present report, it is assumed that, whenever boresight avoidance is “enabled” in a given scenario, the satellite system has perfect, up-to-date knowledge of the RAS station’s boresight direction, and that any latency or pointing-prediction errors are neglected. This represents a best-case assumption for the effectiveness of boresight avoidance and should be borne in mind when interpreting the results. In practice, such information exchange may be constrained by observatory policies, operational burden, cybersecurity considerations, and differences in national implementation; therefore, study results that rely on this assumption should not be interpreted as demonstrating general applicability.
The table below provides a consolidated overview of all parameters required to define a RAS station within the unified simulation framework. These parameters reflect the technical assumptions of Recommendations ITU-R RA.769-2, RA.1513-2 and RA.1631-0, as well as methodological provisions from Resolution 739 (Rev.WRC-19). The table lists the physical, geometric and operational characteristics that must be specified for each RAS station included in compatibility studies, together with the applicable ITU-R references, default assumptions used in the absence of station-specific data, and additional explanatory notes.

	Parameter
	Description / Role in Simulation
	Required / Default Value
	Reference(s)
	Additional Notes

	Latitude (geodetic)
	Determines visible satellite geometry and sky-track density
	Required, station-specific
	–
	Influences distribution of EPFD due to constellation inclination.

	Longitude (geodetic)
	Sets station position in Earth-fixed frame; relevant for satellite local time
	Required, station-specific
	–
	Affects relative phasing of constellation repeat cycles.

	Altitude (m)
	Defines local horizon and satellite visibility
	Required if available; default = 0 m
	–
	Small effect on geometry; used for completeness.

	Minimum elevation angle
	Lowest elevation at which RAS observations are conducted
	Station-specific if known; default = 5°
	Resolution 739 (Rev.WRC-19)
	Satellites below min-elev still contribute through sidelobes.

	Observing frequency
	Center frequency of RAS receiver
	Band-specific
	RA.769-2, RA.1631-0
	Determines main-beam width, RA.769 threshold and EPFD metrics.

	Receiver bandwidth
	Measurement bandwidth for RA.769-2 comparison
	Band-specific from RA.769-2
	RA.769-2
	Relevant for power-integration and EPFD threshold.

	System temperature (Tsys)
	Required to derive RA.769-2 protection criteria
	Band-specific or measured; defaults per RA.769-2
	RA.769-2
	Includes spillover, atmosphere, receiver contributions.

	Antenna diameter (D)
	Used to derive main-beam width and RA.1631-0 pattern
	Required, station-specific; otherwise notional
	RA.1631-0
	Beamwidth ∝ λ/D; wide influence on EPFD distribution.

	Full-sphere gain pattern
	Receive antenna gain versus off-axis angle
	Measured pattern if available; default = RA.1631-0 model
	RA.1631-0
	Critical for sidelobe contributions from large constellations.

	Pointing mode
	Topocentric fixed beam or celestial tracking
	Both modes simulated unless specified
	–
	Tested separately because boresight-crossing behavior differs.

	Integration time
	Required for RA.769-2 thresholds (default 2000 s)
	Default = 2000 s
	RA.769-2, RA.1513-2
	If varied, RA.769 thresholds must be scaled accordingly.

	Boresight azimuth/elevation (topocentric mode)
	Fixed pointing for 2000-s interval
	Random per sky-cell sampling
	M.1583-1, S.1586-1
	Used for drift-scan or survey modes.

	Boresight RA/Dec (inertial mode)
	Tracks a celestial source at fixed (RA,Dec)
	Random per trial
	M.1583-1, S.1586-1
	Causes slow variation in az/el as Earth rotates.

	Operational mode availability
	Whether the station uses topocentric, tracking, or both
	Must be indicated
	–
	Required for interpreting boresight-avoidance behavior.

	Boresight-avoidance status
	Whether NGSO system avoids RAS main beam
	Scenario-dependent: enabled/disabled
	[WP 7D and WP 4A working docs]
	Assumes perfect knowledge of RAS pointing direction.

	Pointing-information latency assumption
	Precision of knowledge available to NGSO system
	Perfect (best-case) assumption unless specified
	–
	No timing/ephemeris/prediction error included.

	Minimum elevation used for sky-cell sampling
	Restricts allowed pointing directions
	Same as station minimum elevation
	M.1583-1, S.1586-1
	Ensures uniform spherical sampling above allowed elevation.

	Earth model
	Defines satellite‐to-station geometry
	WGS-84 unless specified
	–
	Affects az/el conversion and horizon masking.

	Atmospheric attenuation model
	Used if applicable
	Optional; often omitted in RA compatibility
	–
	At most a second-order effect in adjacent‐band studies.


[bookmark: _Toc220568893]4	Non-GSO FSS satellite systems characteristics
The non-GSO satellite systems considered in this Report operate in the fixed-satellite service (FSS) in frequency bands adjacent to those allocated to the radio astronomy service on a primary basis. For each such system, a consistent set of orbital, link and emission parameters must be defined so that its contribution to unwanted emissions into the RAS band can be simulated in a reproducible manner.
Each non-GSO FSS system is described by its constellation geometry and orbit parameters. The orbital configuration is specified, for each orbital shell, by the nominal altitude, inclination, number of orbital planes, number of satellites per plane and the distribution of right ascension of the ascending node. When required for time-domain simulations, the six classical Keplerian elements at a reference epoch (semi-major axis, eccentricity, inclination, right ascension of the ascending node, argument of perigee, and mean anomaly) are used to propagate satellite positions as a function of time. Unless otherwise stated, orbits are assumed to be circular or of low eccentricity consistent with the system filings considered in the relevant ITU-R documents.
The link configuration in the active FSS band is described by the maximum equivalent isotropically radiated power (EIRP), the necessary bandwidth, the channelization or carrier structure, and the maximum number of co-frequency beams that may be simultaneously active in a given area. These parameters, together with the out-of-band (OoB) emission masks of Recommendation ITU-R SM.1541 or operator-provided masks, determine the total unwanted power available to leak into the adjacent RAS band. [Where detailed proprietary information is not available, conservative but technically reasonable assumptions are adopted based on public filings and previous Working Party 4A and 7D contributions and liaison statements.]
The satellite transmit antenna pattern must be characterized over the full sphere. For the main beam and near sidelobes, parametric models consistent with Recommendation ITU-R S.1528-0 or subsequent revisions are used when appropriate, with maximum gain and beamwidth adjusted to match the system EIRP and coverage requirements. [For far sidelobes and backlobes, either extended S.1528-type models or generic patterns of the type described in WP 4A liaison statements are adopted.] This allows the computation of transmit gain in the direction of the RAS station for satellites that may not be directly serving an Earth station located near the radio observatory.
A key aspect of the system definition is the antenna pointing and user-selection strategy. [Consistent with WP 4A practice] The concept of Nco is used to represent the maximum number of co-frequency satellites that may serve a given spot on the Earth at any given time. For simulations in this report, it is assumed that:
· up to Nco satellites per system may have user or gateway beams pointed directly towards the location of the RAS station (worst-case colocation assumption), subject to the system’s minimum service elevation,
· all other satellites in the constellation that are visible from the RAS station are assumed to point their main beams toward randomly selected Earth locations, drawn from an appropriate distribution over the satellite footprint, subject to the minimum service elevation and any geographic constraints defined for the system.
This approach yields a statistical distribution of off-axis angles between the non-serving satellites’ boresights and the RAS station, from which their transmit gains towards the station are derived. If more detailed pointing models become available from operators or future Recommendations, they can be incorporated as alternative options.
The unwanted emission in the RAS band is modelled as a fraction of the in-band transmit power, attenuated according to the relevant OoB mask. For systems where a specific mask is supplied (for example, as a function of offset frequency from the edge of the allocated FSS band), this mask is integrated over the RAS band of interest to derive an effective attenuation in dB and an associated spectral power density. For systems where only generic masks (e.g. SM.1541 Annex 5) are applicable, the corresponding minimum attenuation is used, with the understanding that actual emissions may be lower in practice.
For the purposes of evaluating boresight-avoidance techniques, each non-GSO system is further characterized by its interference mitigation strategies in the adjacent RAS band. In particular, for each system the simulations may include configurations in which:
{Editor’s note: In practice both mitigation 2 and 3 below are applied. With Mitigation 3 below being applied on the “outer” edges and mitigation 2 below closer to the RAS boresight pointing.}
1. no boresight-avoidance mitigation is applied
2. a boresight-avoidance cone of specified half-angle (e.g. 1°) is defined around the RAS station’s main beam, and transmissions in the adjacent FSS band are switched off entirely whenever a satellite falls within this cone (“cease-transmit” mode)
3. other mitigation options, such as “steer-away” modes in which the main beam is re-pointed to avoid the RAS station while maintaining OoB sidelobe emissions, may be represented in future extensions.
For each such configuration, the system definition includes a flag indicating whether the mitigation is assumed to be enabled, and if so, which class of beams (all beams in the band, specific user beams, gateway beams, etc.) are affected. This allows direct comparison of interference statistics with and without boresight-avoidance measures for otherwise identical constellation parameters.
The table below summarizes the parameters required to characterize each non-GSO FSS system included in the unified simulation platform. These parameters reflect the orbital, antenna, and emission assumptions used in Recommendations ITU-R M.1583-1, S.1586-1[ and in recent Working Party 4A and 7D contributions.] The aim is to ensure that all systems are represented in a consistent, transparent manner, enabling reproducible aggregate-interference simulations and compliance evaluations.

	Parameter
	Description / Role in Simulation
	Required / Default Value
	Reference(s)
	Additional Notes

	Orbital elements (a, e, i, RAAN, ω, ν)
	Defines satellite trajectories in ECI/ECEF frames
	Required for each satellite or orbital plane
	M.1583-1, S.1586-1
	Used for time-domain propagation and visibility.

	Orbital altitude
	Determines slant-range and free-space path loss
	Required
	–
	Affects EPFD statistics and visible density.

	Inclination
	Determines latitude coverage and track density
	Required
	–
	Strongly influences RAS crossing probabilities.

	Number of satellites
	Total population contributing to aggregate EPFD
	Required
	–
	Large LEO constellations dominate sidelobe EPFD.

	Number of orbital planes
	Defines constellation geometry
	Required
	–
	Affects time-varying spatial satellite distribution.

	Epoch (TLE or Keplerian)
	Reference time for orbital elements
	Required
	–
	Used for propagation consistency.

	Unwanted emission spectral density
	Power radiated into RAS band
	Required if provided; otherwise conservative mask
	RA.769-2 (for thresholds)[, WP 4A]
	May be fixed, frequency-dependent, or include margins.

	EIRP in adjacent band
	Maximum transmitted unwanted power
	Required or capped by mask
	–
	Key input to EPFD calculation.

	Transmit antenna pattern (full-sphere)
	Satellite gain toward RAS station
	Operator-provided if available; else generic parametric model
	[WP 4A, Annex A]
	Sidelobes often dominate interference at RAS sites.

	Beam steering / pointing rules
	Satellite targeting strategy
	Required (model or assumption)
	[WP 4A ↔ WP 7D liaison]
	Serving beams typically steer toward user locations.

	Number of co-frequency beams (Nco)
	Max beams serving a single point on Earth
	Required for each system
	[WP 4A/7D correspondence]
	Defines “satellite selection” rules.

	Duty cycle / transmission schedule
	Physical activity model of satellites
	Required if known; else representative model
	–
	May include periodic, intermittent, or continuous modes.

	Serving vs. non-serving satellite pointing
	Behaviour of satellites not selected for a user
	Required assumption
	[WP 4A/7D]
	Non-serving beams assumed to be directed elsewhere on Earth.

	Mitigation measures
	GEO-arc avoidance, boresight avoidance
	Scenario-dependent
	[WP 4A, WP 7D]
	Implemented parametrically per scenario.

	Satellite attitude model
	Orientation of satellite relative to Earth
	Optional; default = nadir pointing
	–
	Can affect off-axis unwanted emissions.

	Polarization model
	Mismatch or coupling with RAS
	Optional
	–
	Generally secondary for worst-case EPFD.

	Simulation time step constraints
	Required to avoid aliasing of close passes
	Derived parameter (≈1 s typical for LEO)
	M.1583-1, S.1586-1
	Ensures sufficiently fine angular sampling.


[bookmark: _Ref204862437][bookmark: _Toc220568894]5	Methodology
The methodology adopted in this Report is based on the time-domain EPFD framework of Recommendations ITU-R M.1583-1 and S.1586-1, combined with the protection criteria of Recommendations ITU-R RA.769-2 and RA.1513-2. It is intended to provide a unified, statistically robust procedure for evaluating the impact of non-GSO FSS systems on RAS stations, and for quantifying the effect of boresight-avoidance techniques on both single-entry and aggregate interference.
[bookmark: _Toc220568895]5.1	General approach
For each combination of RAS station, observing band and non-GSO system configuration, the simulation performs a large number of trials. In each trial:
· a telescope pointing direction is selected according to the sky-sampling procedure described below
· a random starting time is chosen within a representative time horizon
· the positions of all satellites in the simulated non-GSO systems are propagated over a 2000 s interval with a suitable time step
· at each time step, the instantaneous EPFD at the RAS station is computed by summing the contributions of all visible satellites, taking into account transmit power, transmit antenna gain toward the station, free-space path loss and RAS receive antenna gain in the direction of each satellite
· boresight-avoidance mitigation is applied, if enabled in the scenario, by modifying or suppressing the contributions of satellites that fall within the defined boresight-avoidance cone
· the resulting EPFD time series is averaged over the 2000 s interval to obtain a single sample of 2000 s mean EPFD for that trial
Repeating this process for many independent trials yields, for each RAS station and system configuration, an empirical distribution of 2000 s mean EPFD values that can be directly compared with the RA.769-2 thresholds and RA.1513-2 data-loss criteria.
[bookmark: _Toc220568896]5.2	Sky sampling and telescope pointing
{Editor’s note: For sky sampling the assumption is that telescope pointing is known.}
The sky visible to the RAS station above its minimum elevation is divided into cells of equal solid angle using the method of Recommendation ITU-R S.1586-1. Each cell represents a portion of the sky over which the telescope boresight may be positioned during observations. For each cell, the simulation draws a specified number of random pointing directions, ensuring that the overall distribution of pointings across the accessible hemisphere is uniform on the sphere.
In the simplest implementation, the telescope is assumed to point at the center of each cell in turn, and to hold that pointing fixed in azimuth and elevation over the 2000 s integration (topocentric mode). For celestial tracking mode, the initial pointing is selected such that the boresight aligns with a randomly chosen sky direction at the start of the trial, and the subsequent evolution of azimuth and elevation is determined by the Earth’s rotation and the RAS station’s latitude. In both cases, the same sky-cell framework is used for statistical averaging.
[bookmark: _Toc220568897]5.3	Temporal sampling and starting-time randomization
The time step used for orbit propagation and EPFD calculation must be small enough that the angular motion of satellites relative to the RAS beam is adequately resolved, particularly when modelling boresight crossings. For LEO-type systems, time steps of order 1 s are typically sufficient, but smaller steps may be used when necessary.
The starting time of each 2000 s trial window is chosen randomly within a time interval that spans many orbital periods and, where appropriate, multiple days. This ensures that different orbital phases, satellite geometries and beam-pointing configurations are sampled. In line with Recommendation ITU-R S.1586-1, the product of the number of trials and the integration time is chosen to be much larger than the orbital period of the constellation, and convergence of the resulting EPFD distributions is checked by monitoring changes in key percentiles (e.g. 98th related to 2% of admissible data-loss) as additional trials are added.
[bookmark: _Toc220568898]5.4	EPFD calculation
At each time step, the instantaneous EPFD at the RAS station is computed according to the formalism of Recommendations ITU-R M.1583-1 and S.1586-1. For each visible satellite i, with unwanted emission power Pi in the RAS band, transmit gain Gt(i) in the direction of the station, distance di to the station, and RAS receive gain Gr(i) in the direction of the satellite, the contribution to EPFD at that time step is calculated and summed over all satellites. The resulting EPFD(t) time series represents the total instantaneous equivalent power flux-density at the station due to the aggregate of all simulated systems.
When boresight-avoidance mitigation is enabled, the following additional rule is applied at each time step: if the off-axis angle between the RAS boresight and the direction of a given satellite is smaller than the specified boresight-avoidance half-angle, then the unwanted emissions from that satellite in the adjacent FSS band are set to zero for that time step (“cease-transmit” scenario), or otherwise modified according to the mitigation model under study. The EPFD is then recomputed with the mitigated set of satellites.
For each trial, the EPFD(t) values are averaged over the 2000 s window to yield a single 2000 s mean EPFD sample. Optionally, the full EPFD time series may be retained to support analyses that distinguish between short-duration pulses and longer-duration exceedances, as discussed below.
[bookmark: _Toc220568899]5.5	Statistical analysis and data-loss metrics
The set of 2000 s mean EPFD samples obtained over all trials and sky cells is used to construct empirical cumulative distribution functions (CDFs) of EPFD for each RAS station and non-GSO system configuration. For single-system assessments, the 98th percentile of the EPFD distribution is compared with the relevant RA.769-2 threshold. Compliance with the RA.1513-2 single-entry recommendation requires that this percentile not exceed the threshold (corresponding to less than 2% of 2000 s intervals exceeding the detrimental interference level).
For aggregate assessments involving multiple non-GSO systems simulated simultaneously, the EPFD contributions of all systems are summed at each time step before averaging over 2000 s. The resulting distribution of aggregate 2000 s mean EPFD values is then used to determine the 95th percentile, which is compared with the RA.769-2 threshold to assess compliance with the 5% aggregate data-loss recommendation of RA.1513-2.
To account for short-duration, high-power interference pulses that may cause the 2000-s mean EPFD of a trial to marginally exceed the RA.769-2 threshold while the fraction of time spent above the threshold remains very small, the simulation framework can optionally apply a dual-criterion decision rule. In this rule, a 2000-s interval is classified as “detrimental” only if:
· the 2000-s mean EPFD exceeds the RA.769-2 threshold, and
· the fraction of time within the interval during which the instantaneous EPFD exceeds the threshold is greater than a specified value (e.g. 2% for single-system studies)
Intervals that do not satisfy both conditions are treated as non-detrimental for the purpose of estimating data-loss percentages. This refinement is intended to reflect more closely the integrating nature of radio astronomical observations and to avoid over-weighting very brief interference events whose energy contribution to the 2000-s integration is small.
5.6 Comparison of scenarios with and without boresight avoidance
The methodology described above is applied in a consistent way to multiple scenarios, differing only in the presence or absence of boresight-avoidance mitigation and in the chosen boresight-avoidance parameters (cone half-angle, class of beams affected, etc.). For each scenario, the resulting EPFD distributions and data-loss metrics (single-entry and aggregate) are computed and compared.
In particular this report examines:
· how much boresight avoidance reduces the required OoB attenuation (or effective unwanted emission levels) needed for a single system to comply with the 2% RA.1513-2 criterion
· the impact on aggregate interference when multiple systems rely on boresight avoidance to meet their single-entry criteria, compared to the case where they meet these criteria without boresight avoidance and then apply boresight avoidance only as an additional mitigation at the aggregate level.
By using a unified methodology and a common set of assumptions for RAS stations and non-GSO systems, the simulations presented in this report support transparent and reproducible comparisons of these interference mitigation options.
The table below summarizes the methodological parameters that govern the execution of the unified time-domain EPFD simulation. These parameters control sky sampling, randomization procedures, time-step selection, statistical convergence and aggregation rules. They reflect the processes described in Recommendations ITU-R M.1583-1 and S.1586-1[, and incorporate additional features under study in WP 7D and WP 4A.]

	Parameter
	Description / Role in Simulation
	Required / Default Value
	Reference(s)
	Additional Notes

	Sky-cell grid (equal solid angle)
	Divides sky for uniform sampling
	Required; HEALPix-like or Annex-style grid
	M.1583-1, S.1586-1
	Ensures equal-probability pointing distribution.

	Pointing randomization
	Draws random directions per cell
	Required
	M.1583-1 Annex 2
	Elevation drawn with sin-weighting for spherical uniformity.

	Minimum elevation for pointings
	Restricts RAS main-beam pointings
	Station-specific (default 5°)
	Resolution 739
	Below-min-elev satellites still counted in sidelobes.

	Reference frame
	Topocentric vs. inertial pointing mode
	Scenario-dependent
	–
	Must be stated for each result set.

	Simulation time step
	Interval for satellite propagation
	Typical default: 0.5–1 s
	M.1583-1, S.1586-1
	Ensures satellite motion < beamwidth / step.

	Trial duration
	EPFD integration period
	2000 s default
	RA.769-2
	Required for threshold comparison.

	Starting-time distribution
	Random starting epochs across representative window
	Multiple orbital periods or 24 h
	S.1586-1
	Ensures statistical decorrelation.

	Number of trials per sky cell
	Ensures convergence of EPFD distribution
	Sufficient to stabilize 98th and 95th percentiles
	–
	Convergence diagnostics recommended.

	EPFD calculation
	Computes instantaneous received power, then transforms to EPFD
	Required
	M.1583-1, S.1586-1
	Includes all satellites at each step, all gain terms.

	Aggregation across systems
	Sums power contributions per step across all operators
	Required
	[WP 4A]
	Statistics applied to full aggregated EPFD distribution.

	Percentile evaluation
	Determines compliance with data-loss criteria
	Single system: 98th percentile; Aggregate: 95th percentile
	RA.1513-2
	2%/5% time-exceedance rules.

	Transient-event handling
	Optional dual-condition rule
	Scenario-dependent
	[WP 7D studies following Chinese contributions]
	Requires both mean-EPFD exceedance and time-fraction exceedance.

	Mitigation modeling
	GEO-arc avoidance, boresight avoidance, power control
	Scenario-dependent
	[WP 4A, WP 7D]
	Implemented parametrically per configuration.

	Output data products
	EPFD CDFs, percentile tables, exceedance fractions
	Required
	–
	Used for ITU-R contribution documents.
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