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	Purpose/Objective: To provide an additional sharing study between the FSS and FS deployments in the 70/80 GHz bands.

	Abstract: This contribution calculates the maximum PFD mask that can be operated without exceeding the protection criteria of the fixed service operating in the 71-76 GHz band.






	Radiocommunication Study Groups
	[bookmark: ditulogo][image: ]

	
	

	
	

	[bookmark: recibido][bookmark: dnum]Source:	  Annex 2.4 to Document 5C/271

	Document 5C/USA-E

	[bookmark: ddate]
	xx, MONTH, 2025

	[bookmark: dorlang]
	English only

	[bookmark: dsource]United States of America

		[bookmark: drec]
WORKING DOCUMENT on sharing studies 
under wrc-27 agenda item 1.10

	






Summary
The United States presents an additional study in the attachment between the GSO and non-GSO FSS and FS operating in the 71-76 GHz.  This study derives the maximum PFD that can be operated while not exceeding the protection criteria of the FS receiver. The United States proposes this study be incorporated into compilation of studies in support of solving this agenda item. 

Attachment.


Attachment

[bookmark: _Toc215839966]8	Protection of the fixed service
[bookmark: _Toc215839967]8.1	Study of candidate pfd masks
8.1.X	Study Q considering GSO networks and NGSO systems and determination of pfd limits to protect the FS
This study examines the aggregate interference generated separately by GSO FSS networks and NGSO FSS systems operating within the 71-76 GHz band on FS operations, with the objective of establishing a pfd limit that ensures adequate protection for FS receivers in this frequency range.
8.1.X.1	FS parameters considered
The table below present the assumed characteristics and parameters for the FS station, antenna, and receiver used in this study. The azimuth angle shows two values: one for the NGSO FSS simulation (180) and one for the GSO FSS simulation (98). The GSO simulation azimuth angle choice ensures that there are FS mainlobe coupling in the direction of the GSO arc. 
Table 8.1.X-1
FS point-point system characteristics and parameters in the frequency band 71-76 GHz
	Parameters (Units)
	Value

	Feeder/multiplexer loss range (dB) 
	0

	Antenna gain (dBi)
	50

	Antenna pattern
	Rec. ITU-R F.1245
ETSI 302 217

	Receiver noise figure (dB) 
	8

	Receiver noise power density (=NRX) (dBW/MHz)
	–136

	Nominal long-term interference power density (dBW/MHz)(2)
	–136 + I/N

	Latitude (°)
	30N

	Longitude (°)
	83W

	Height above ground level (m)
	20

	Antenna elevation (0)
	-10, -5, 0, 5, 10

	Azimuth (°)
	180, 98

	I/N (dB) long-term for more than 20 % of the time
	‒10 dB

	I/N (dB) short-term for more than 0.00128 % of the time
	+11 dB



8.1.X.2	FSS systems considered
The relevant GSO and NGSO FSS orbital characteristics considered in this study were provided by Working Party 4A and replicated in the following table. In accordance with guidance from Working Party 4A, the analysis conservatively assumes that the NGSO FSS satellites have completed coordination procedures and will maintain a separation angle of 1.5° between active satellites. Active satellites are defined as those operating above the specified minimum elevation angle, which is set at 15° for both constellations. The GSO FSS networks are assumed to be evenly spaced around the GSO arc with geocentric separation angle of 2. 
Table 8.1.x-2
Orbital Parameters of the GSO FSS networks and NGSO FSS System
	Parameter
	System C
	System L
	System M

	Height (km)
	35786
	500, 500, 600, 600, 700, 700, 800, 800, 900, 900, 1000, 1000, 1100, 1100, 1200, 1200, 1300, 1300, 1400, 1400, 8100, 8100, 8100, 8100, 8100, 8100, 8100, 8100, 12000, 12000, 12000, 12000, 12000, 12000, 12000, 12000, 16000, 16000, 16000, 16000, 16000, 16000, 16000, 16000, 20000, 20000, 20000, 20000, 20000, 20000, 20000, 20000, 23222, 23222,
	340, 345, 350, 360, 525, 530, 535, 604, 614

	Number of planes
	1
	36, 36, 36, 36, 34, 34, 30, 30, 28, 28, 24, 24, 24, 24, 22, 24, 20, 20, 18, 18, 1, 12, 12, 12, 12, 12, 12, 12, 1, 12, 12, 12, 12, 12, 12, 12, 1, 12, 12, 12, 12, 12, 12, 12, 1, 12, 12, 12, 12, 12, 12, 12, 1, 12
	12, 18, 48, 48, 48, 30, 28, 28, 28

	Satellites per plane
	180
	36, 36, 32, 32, 32, 32, 32, 32, 30, 30, 24, 24, 24, 24, 24, 24, 24, 24, 20, 20, 96, 10, 10, 10, 10, 10, 10, 10, 96, 10, 10, 10, 10, 10, 10, 10, 96, 10, 10, 10, 10, 10, 10, 10, 96, 10, 10, 10, 10, 10, 10, 10, 96, 9
	110, 110, 110, 120, 120, 120, 120, 12, 18

	Inclination angle (deg)
	0
	50, 85, 50, 85, 50, 85, 50, 85, 50, 85, 50, 85, 50, 85, 50, 89, 50, 85, 50, 85, 0, 15, 45, 60, 65, 70, 75, 80, 0, 15, 45, 60, 65, 70, 75, 80, 0, 15, 45, 60, 65, 70, 75, 80, 0, 15, 45, 60, 65, 70, 75, 80, 0, 56
	53, 46, 38, 97, 53, 43, 33, 148, 116

	RAAN
	
	Equally spaced
	Equally spaced



8.1.X.3	Study methodology
Building on the methodologies outlined in previous contributions from the United States and discussed at previous Working Party 5C meetings, the following flow chart illustrates the iterative approach used to identify a pfd mask that satisfies the FS protection requirements. In this study, this methodology is applied separately to determine the appropriate pfd mask for GSO FSS networks and NGSO FSS systems. 
FIGURE 8.1.X-1
Methodology Flow Chart
[image: ]

The table below shows the baseline pfd mask. This pfd mask was assumed as the initial starting point considering other pfd masks in Article 21. 
TABLE 8.1.x-3
Baseline pfd mask for GSO FSS networks and NGSO FSS systems
	Frequency Band
	System
	Limit in dB(W/m2) for angles
of arrival (δ) above the horizontal plane
	Reference Bandwidth

	
	
	0°-5°
	5°-25°
	25°-90°
	

	71-76 GHz
	Fixed-satellite (geostationary-satellite orbit)
	
	
	
	1 MHz

	71-76 GHz
	Fixed-satellite (non-geostationary-satellite orbit)
	
	
	
	1 MHz



The simulation tested each pfd mask with 100,000 samples. At each time step, the FSS satellites were propagated in their orbits, and pfd levels from the examined mask were used to calculate each satellite's interference using the following equation.
		 	(1)
where:
	 	is the elevation angle of the satellite above the horizon of the terrestrial station, assuming a horizon angle of 0°
	 	is the gain of the FS antenna at off-axis angle, , in the direction of the satellite
	 	is the wavelength (m).
With the interference statistics and the FS receiver noise characteristics presented above, the FS receiving station I/N is calculated and plotted as a cumulative distribution function (CDF).

8.1.X.4	Study results and refined pfd mask
The I/N CDF results are displayed in the figures below. The results using the baseline pfd mask is reflected in the first plot. These findings indicate that the current mask does not satisfy the fixed service protection requirements, meaning further refinement of the pfd mask is necessary to achieve adequate protection.
FIGURE 8.1.X-2
FS receiver I/N statistics from GSO FSS interference assuming the baseline pfd mask
[image: ]
FIGURE 8.1.X-3
FS receiver I/N statistics from NGSO FSS interference assuming the baseline pfd mask
[image: ]
After iterating through the methodology described above, the following pfd mask demonstrated that GSO and NGSO FSS satellites operating at these pfd levels will meet the protection requirements of the fixed service. The I/N CDF plot show below confirms the FS protection requirements are satisfied. 
TABLE 8.1.x-4
Refined pfd mask for GSO FSS networks and NGSO FSS systems
	Frequency Band
	System
	Limit in dB(W/m2) for angles
of arrival (δ) above the horizontal plane
	Reference Bandwidth

	
	
	0°-5°
	5°-25°
	25°-90°
	

	71-76 GHz
	Fixed-satellite (geostationary-satellite orbit)
	
	
	
	1 MHz

	71-76 GHz
	Fixed-satellite (non-geostationary-satellite orbit)
	
	
	
	1 MHz



FIGURE 8.1.X-4
FS receiver I/N statistics from GSO FSS interference assuming the refined pfd mask
[image: ]
FIGURE 8.1.X-5
FS receiver I/N statistics from NGSO FSS interference assuming the refined pfd mask
[image: ]
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