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	Summary:

	
This document provides an analysis of the pfd values applicable to the 6/4 GHz band contained in Annex 14 of the minutes of the last Conference Preparatory Group – Project Team A meeting held in Biel/Bienne in June 2011.


	Proposal:

	
Under appropriate assumptions, the values provided by previous contributions are analysed; it is proposed to replace these values by new thresholds considered necessary to ensure to satellite networks operating in this band an equivalent level of protection to that in force today from the interference generated by other satellite networks. 


	Background:

	
At the last CPG PT-A meeting, some administrations proposed a revision of Appendix 5 of the RR (WRC-07) under Issue 2A of agenda item 7. Among other things, pfd thresholds were proposed to be applied both inside and outside the coordination arc.

Different methods of application of the pfd thresholds mentioned above have been discussed: Methods B and C of the CPM Report suggest that pfd thresholds are applied outside the coordination arc that, if met, would preclude the use of No. 9.41 and Method C suggests that pfd thresholds are applied inside the coordination arc that, if met, would preclude the need for an administration proposing a new satellite network to coordinate. In addition to that, the input to the last meeting of PT-A suggested another method, according to which a pfd threshold should be applied outside the coordination arc to replace the current ΔT/T criterion, through which an administration can identify itself for coordination with the proposed assignment. Furthermore, as an alternative to the CPM Report Methods, there have been suggestions to apply the pfd thresholds at the time of notification rather than at the start of the coordination process.
However, regardless of the method of application, if new pfd thresholds are introduced, it is essential that they provide a level of protection to typical and realistic satellite systems that is equivalent to that in place today, i.e. coordination should be required if the equivalent noise temperature of the receiver of at least one assignment of the affected network increases by more than 6% for such systems.
This document derives appropriate pfd levels for use in the 4/6 GHz FSS bands. 





1	Introduction

At the last PT-A meeting (June 2011) the following pfd thresholds were proposed to be applied to the RR Appendix 5:

–	for the downlink scenario:

	- 243.5    			dB(W/(m2  Hz))	for 0° ≤ θ < 0.09°
	- 222.6 + 20 log θ		dB(W/(m2  Hz))	for 0.09° ≤ θ < 3.0°
	- 219.8 + 0.75 θ2		dB(W/(m2  Hz))	for 3.0° ≤ θ < 5.5°     	(1a)
	- 215.5 + 25 log θ		dB(W/(m2  Hz))	for 5.5° ≤ θ < Φ
	- 190.5				dB(W/(m2  Hz))	for Φ ≤ θ
where:
 is the nominal geocentric orbital separation in degrees between the wanted and interfering space stations;Φ is the amplitude of the coordination arc (degrees); it is assumed that Φ = 10°.

–	for the uplink scenario:

	- 202    			dB(W/(m2  Hz))				(1b)

It is understood that the thresholds mentioned above were derived on the basis of the ΔT/T ≥ 6% criterion, which ensures adequate protection between different satellite networks nowadays.

In this document, the assumptions used to derive these pfd levels are examined and new pfd thresholds are derived.

2	Calculation

For determining the most appropriate values of pfd radiated in the space-to-Earth or in the Earth-to-space directions, the characteristics of typical networks operating in the 6/4 GHz band have to be appropriately selected. More in detail:

–	for the downlink scenario:
–	the size of the antennae used by the affected network;
–	the equivalent noise temperature of the affected system;

–	for the uplink scenario:
–	the G/T of the affected satellite.
3	Analysis

3.1	Downlink scenario

Table 1 lists parameters typically valid for Earth stations operating in the 6/4 GHz band and currently filed and used by various administrations worldwide.
Table 1
Parameters for earth stations operating in the 6/4 GHz band
	Parameter
	Notation
	Value
E/S 1
	Value E/S 2
	Value E/S 3
	Value E/S 4
	Value E/S 5
	Value E/S 6
	Unit

	System equivalent noise temperature
	T
	56
	71
	52
	65
	64
	90
	K

	Protection criterion
	ΔT/T
	0.06
	0.06
	0.06
	0.06
	0.06
	0.06
	

	Frequency
	f
	4
	4
	4
	4
	4
	4
	GHz

	Antenna diameter
	D
	16
	9
	9
	3.8
	6.3
	1.2
	m

	Antenna efficiency
	η
	0.70
	0.70
	0.70
	0.70
	0.70
	0.70
	




For the scope of this study, the values listed above are used in the following equation for calculating the pfd  that would entail an increase of the equivalent noise temperature of more than 6%:
	dB(W/(m2 · Hz))	(2)
for any φ, where:
k	is the Boltzmann constant;
ΔT/T	is the equivalent noise temperature increase for the receiving system (6%);
T	is the equivalent noise temperature of the receiving system;
λ	is the wavelength;
φ	is the geocentric angle between the wanted space station and the interfering one;
G(φ)	is the receiving antenna gain pattern.

The following antenna gain patterns (contained in the ITU RR Appendix 8) have been used for the earth stations listed in Table 1:
a) for values of D/λ ≥ 100:
	
	

	
	             (3)

	
	

	
	


b) for values of D/λ < 100:
	
	

	
	            (4)

	
	

	
	


where:
	D:	antenna diameter (m);
	λ:	wavelength (m);
	φ:	topocentric[footnoteRef:1] off-axis angle of the antenna (deg); [1: 	In the various calculations, the relationship between a topocentric angle φ and the respective geocentric angle θ has been approximated as follows:
 (deg)] 

	:	maximum antenna gain = (dBi);
	:	gain of the first sidelobe = 2 + 15 log  (dBi);
	 (deg);
(deg).
The East-West station keeping accuracy of a geostationary space station is typically 0.1°.  Therefore, for a receiving earth station, a maximum offset of 0.1 (deg) from the nominal pointing position has also been taken into account.

3.2	Results - downlink scenario

Calculations have been performed for the different earth stations specified in Table 1. For each of them, the margin (in dB) between the maximum allowed pfd (calculated following the criterion based on the equivalent noise temperature increase) and the values listed in (1) is shown in the following Figure 1. 
Geocentric angles associated with negative values of that margin show that the new proposed values will result in an increase of the equivalent noise temperature of the receiving Earth station by more than 6%.
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Figure 1
Geocentric separation angle vs. margin (resolution of 0.1 deg)
[image: ]
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3.3	Uplink scenario

Under the assumption that the interfering Earth station is on the bore-sight of the satellite receiving antenna and that the increase of the equivalent noise temperature on the space station shall be lower than 6%, the maximum allowable pfd value radiated in uplink can be derived from the following equation:
 	dB(W/(m2 · Hz))	(5)
where:
	G	is the maximum gain of the space station receiving antenna;
	T	is the equivalent noise temperature of the space station receiving system,
and all the other parameters are the same defined in (2).

3.4	Results – uplink scenario

From (5) it can be seen that the maximum value of  depends on the G/T ratio of the receiving antenna of the space station. Figure 3 illustrates the variation of the maximum allowed pfd for different values of G/T:
Figure 2
Maximum pfd vs. G/T ratio
[image: ]

In Annex 14 of the minute of the last CPG PT-A meeting, it is suggested that a pfd value equal to ‑202 (dBW/(m2 Hz)) would protect most of the satellites operating in the 6/4 GHz band; it should be noticed that this value corresponds to a G/T of circa –2 (dB/K), meaning that if a satellite has a greater G/T, that pfd would result in an increase of the equivalent noise temperature of the space station receiving system of more than 6%.

It is interesting also to compare the previous results with the pfd values illustrated in Figure 4, derived following the approach based upon Recommendation ITU‑R S.524-9 and considering an average slant range between the transmitting earth station and the interfered satellite of 35 786 km.
Figure 3
pfd at GSO vs. geocentric separation angle
[image: ]

Comparing Figures 2 and 3 it can be seen that for typical values of G/T between -13 and 4 (dB/K), the pfd radiated by an earth station compliant with Recommendation ITU-R S.524-9 towards a GSO satellite is almost always greater than the values equivalent to the ΔT/T ≥ 6% criterion. It should also be noticed, for example, that the value of –202 (dBW/(m2 Hz)) discussed above is met for geocentric angles greater than 38 degrees, i.e. almost four times the coordination arc in force today.

4	Conclusions and proposal

From the analysis made in this study, the following can be concluded:
–	Downlink scenario:
	the discussion above highlights that the ΔT/T ≥ 6% criterion can be exceeded for various geocentric separation angles if the pfd thresholds listed in (1a) enter into force. In more detail, a negative margin occurs for the following arcs:
–	from 0 to circa 1.50 (deg);
–	from circa 3.70 to circa 28.20 (deg).
	Other pfd values, tighter by a maximum of 11 (dB), would be required in order to apply a level of protection equivalent to the 6% ΔT/T criterion for typical FSS networks.

–	Uplink scenario:
	considering typical values of G/T for satellites operating in the 6/4 GHz band, it can be concluded that the pfd value indicated in (1b) ensures in most of the cases a level of protection coherent with the ΔT/T ≥ 6% criterion.

It is also demonstrated that compliance with the Recommendation ITU-R S.524 off-axis e.i.r.p. values does not ensure that excessive interference will not be caused to other satellite networks.  Consequently, those recommended values would not be adequate as a possible alternative to the proposed pfd threshold for the uplink case.

Taking into account the analysis above, it is proposed that, if an ECP is developed for Issue 2A of agenda item 7 to include new pfd thresholds in the RR, the values indicated in (1a) should be replaced by the following:

	- 244.8    			dB(W/(m2  Hz))	for 0° ≤ θ < 0.3°
	- 230.5 + 27.4 log θ	dB(W/(m2  Hz))	for 0.3° ≤ θ < 28.2°
	- 190.5				dB(W/(m2  Hz))	for 28.2° ≤ θ
where:
 is the nominal geocentric orbital separation in degrees between the wanted and interfering space stations.

The following Figure 5 shows a comparison between the values indicated in (1a) and (6).
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Figure 4
Original vs. proposed mask
[image: ]
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Summary:  

  This document provides an analysis of the pfd values applicable to the 6/4 GHz band contained in  Annex 14 of the minute s   of the last Conference Preparatory Group  –   Project Team A meeting held  in Biel/Bienne in June 2011.    

Proposal:  

  Under appropriate assumptions, the values provided by previous contributions are analysed;  it is  proposed  to replace  these values  by new thresholds considered  necessary  to ensure to satellite  networks operating in this band  an equivalent  level of protection  to that  in force today from the  interference generated by other satellite networks.     

Background:  

  At the last CPG PT - A meetin g,  some  administrations proposed a revision of  Appendix  5 of the RR  (WRC - 07)   under Issue 2A of agenda item 7 . Among other things, pfd threshold s   were proposed to  be applied both inside and  outside the coordination arc.     Different methods of   application of the pfd thresholds mentioned above  have been discussed:  Methods B and C of the CPM Report suggest that pfd thresholds are applied outside the  coordination arc that, if met, would preclude the use of No.  9.41   and Method C suggests that pfd  t hresholds are applied inside the coordination arc that, if met, would preclude the need for  an  administration proposing a new satellite network to  coordinat e . In  addition to that , the input to the  last meeting of PT - A suggested  another method, according to   which   a pfd threshold should be 
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