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[bookmark: _Toc83815686][bookmark: _Toc85661610]Annex 1   Simulations (France)
[bookmark: _Toc83815687][bookmark: _Toc85661611]A1.1	Parameters of the transmitting amateur radio stations
The parameters of the transmitting amateur radio stations are given in Section 67 of this Report and based  on the Preliminary Draft New Report ITU-R M.[AMATEUR.CHARACTERISTICS] (Annex 10 of 5A/3595A/491, WP 5A Chairman’s Report from NovemberMay 2021), and Recommendation ITU-R M.1732-2.
[bookmark: _Toc83815688][bookmark: _Toc85661612]A1.2 	Propagation models
The propagation loss has been calculated using Recommendation ITU-R P.1546. The settings of the propagation model are type of terrain: land, area type: rural. The height above ground of the RNSS receiver (RX) is 1.5 m. Two values have been used for the clutter height: 10 m and 0 m (open land).
When the clutter height is set to 0 m, the RNSS receiver antenna gain is set to -6 dBi. 
However, with a clutter height of 10 m and a receiver at 1.5 m above ground the direction of arrival of the main propagation path is usually via diffraction caused by the clutter topography. This means the arrival elevation angle of the main propagation path will usually be above 5°. If this the case, the assumption of – 6 dBi as the antenna gain for the RNSS receiver could be too optimistic. Therefore, for a clutter height of 10 m, the antenna gain of the RNSS receiver has been set equal to 3 dBi.
The polarization loss considered in this study is 3 dB.
[bookmark: _Toc83815689][bookmark: _Toc85661613]A1.3 	Time variability effect  
In the calculations it was decided to use 1% and 50% of time for paths.
[bookmark: _Toc83815690][bookmark: _Toc85661614]A1.4 	Location variability effects
In this study contours at both 50% and 1% location probability are provided.
[bookmark: _Toc83815691][bookmark: _Toc85661615]A1.5 	Protection requirements of Galileo E6 RNSS receivers
The protection requirements of Galileo E6 RNSS receivers are specified in Recommendation ITU-R M.1902. See column 3b of Table 1 of Recommendation ITU-R M.1902.
The Galileo E6 receiver protection requirements are the following:
The threshold power level of the narrowband (Bw < 128 kHz) interference at the passive antenna output of a Galileo E6 receiver in tracking mode is: -134.5 dBW.
The threshold power density level of the wideband (Bw > 1 MHz) interference at the passive antenna output of a Galileo E6 receiver in tracking mode is: -140 dBW/MHz.
The characteristics of the Galileo E6 receiver are provided in Table 1Table 1 below.
[bookmark: _Ref86043558]Table 1 
Galileo RX parameters
	Parameter
	Value
	Notes

	Polarization
	Circular
	

	Antenna gain upper hemisphere
	3 dB
	To be used for elevations at 90°

	Antenna gain lower hemisphere
	-6 dB
	To be used for elevations up to 105°


For the study, the values of -134.5 dBW and -140 dBW/MHz have been used, corresponding to the narrowband interferer and the wideband analogue ATV interferer, respectively. For the choice of the RNSS receiver antenna gain, see the section about the propagation model.
[bookmark: _Toc83815692][bookmark: _Toc85661616]A1.6 	Characteristics of Amateur Satellite Uplink and Earth-Moon-Earth systems
Further analysis could consider specific applications where very directive antennas are pointed in a direction that reduces the interference, such as Amateur Satellite Uplink or Earth-Moon-Earth communications. Such studies has also been done in this chapter, following the characteristics shown in Table 2.
[bookmark: _Ref86043635]Table 2 
Characteristics of Amateur Satellite Uplink and Earth-Moon-Earth systems
	Parameter
	Value for Amateur Satellite Uplink
	Value for Earth-Moon-Earth

	Transmitter power (W)
	1
	50

	Transmitting antenna gain (dBi)
	Single Yagi, 18 dBi gain, 18° 3 dB beam width
	Dish (4m), 32 dBi gain, 4° 3 dB aperture

	Antenna height above ground
	12 meters
	3 meters

	Antenna polarization
	Linear
	Linear


[bookmark: _Toc83815693][bookmark: _Toc85661617]A1.67 	Parameters of the amateur radio stations
Parameters for amateur radio stations vary significantly, both in terms of transmission power and type of signal.
Based on the information contained in Preliminary Draft New Report ITU-R M.[AMATEUR.CHARACTERISTICS] (Annex 10 of 5A/3595A/491) the following ‘typical stations’ have been considered.
A1.7.1 	Home stations
Two sets of parameters for the home stations have been considered (the power varying for each of the two types). They are given in Table 2Table 3 below. 
[bookmark: _Ref86043654]Table 23
Parameters for stations
	
	Home station 1
	Home station 2
	Permanent installation

	
	Used also for Amateur Satellite Uplink communications
	Used ONLY for Earth-Moon-Earth communications
	

	Parameters
	Value

	Antenna
	Single Yagi, 18 dBi gain, 18° 3 dB beam width
	Dish (4m), 32 dBi gain, 4° 3 dB aperture
	13 dBi gain, 60° 3dB beam width

	TX power
	1 W, 100 W, 300 W
	50 W
	1W

	Antenna height above ground
	12 meters 
	3 meters
	25 meters

	Polarization
	Linear
	Linear
	Linear


The following figures give the graphical representation of the antennas’ diagram and 3 dB beam width obtained using Recommendation ITU-R F. 1336-v5.
Figure 1
Antenna diagrams (F. 1336): (a) Yagi antenna 18 dBi, 18° half beam width (Home station 1), (b) Antenna diagram (Home station 2) and (c) Antenna diagram (Permanent installation)
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Figure 2
3D representation of the antenna’s diagram: (a) Home station 1, (b) Home station 2 and (c) Permanent installation
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The permanent station is constituted by stations not installed at the home location of the radio amateur, used as relay and beacons. 
For Amateur-Satellite-Uplink systems a more suitable antenna is ‘Home station 1’ considering a power of 1W.  The amateur antennas, in this case, are pointed in the direction of the amateur satellite which will reduce the interference with RNSS receivers by several kilometres.
Figure 3
Representation of the Home station 1 antenna diagram for different down tilt angles for Amateur-Satellite-Uplink communications


	

5 deg
	[image: ]
	[image: ]

	

45 deg
	[image: ]
	[image: ]

	

90 deg
	[image: ]
	[image: ]



For Earth-Moon-Earth (EME) communications, the directive antennas are pointed in the direction that reduces the interference. In this case, the station that could possibly be used for EME is Home station 2 because its characteristics respect the parameters considered in Table 2. Considering this, a study where Home station 2 has been rotated using an elevation angle of 5o till 90o has been presented below. This rotation will ensure that the signal will arrive to the Moon. Such a scenario could be useful for ensuring an interference decrease of various kilometers depending on scenario.
Figure 43
Representation of the Home station 2 antenna diagram for different down tilt angles for EME communications
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[bookmark: _Toc83815694][bookmark: _Toc85661618]For Amateur-Satellite-Uplink systems a more suitable antenna is ‘Home station 1’ considering a power of 1W.  The amateur antennas, in this case, are pointed in the direction of the amateur satellite which will reduce the interference with RNSS receivers by several kilometres.

Figure 54
Representation of the Home station 1 antenna diagram for different down tilt angles for Amateur Satellite Uplink communications
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A1.8	Type of service and frequency overlap with the RNSS
As indicated above, Recommendation ITU-R M.1902 prescribes two protection criteria, differing depending on whether the interfering signal is narrowband or wide band. In ITU-R M.1902, however, the protection criterion for Galileo E6 receivers applies to the whole bandwidth of the Galileo E6 signal. Also, in the case of a narrowband interferer, the impact criteria described in the Recommendation does not depend on whether the interfering signal centre frequency lies inside the frequency band used by the Galileo signal or not. 
[bookmark: _Toc83815695]

[bookmark: _Toc85661619]A1.9 	Results of simulations
A1.9.1 	Home station-1
The following set of figures represents the interfering received power from a home station type 1 whose parameters are contained in Table 2Table 3, for different Tx powers and for different location probabilities (50% and 1%). It has to be noted that Recommendation ITU-R P.1546 is not applicable for distances less than 1 Km, and this is reflected in the circular area around the transmitter, with radius 1 km (in dark blue in the figures), where the Loss is not calculated.
Figure 65
Home station 1, sub-urban environment, Tx power 1 W using Recommendation ITU-R P.1546
	Tx Power
	1W
	1W
	1W
	1W

	Location prob.
	50 %
	50 %
	1 %
	1 %

	Clutter height
	0 m
	10 m
	0 m
	10 m

	RNSS RX gain
	-6 dBi
	-63 dBi
	-6 dBi
	-63 dBi

	Signal
	Bw < 128 kHz (-134.5 dBW)
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	Signal
	Bw > 1 MHz (-140 dBW/MHz)
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Following, for a Tx power of 100W the same study will be made.
Figure 76
Home station 1, sub-urban environment, Tx power 100 W using Recommendation ITU-R P.1546
	Tx Power
	100W
	100W
	100W
	100W

	Location prob.
	50 %
	50 %
	1 %
	1 %

	Clutter height
	0 m
	10 m
	0 m
	10 m

	RNSS RX gain
	-6 dBi
	-63 dBi
	-6 dBi
	-63 dBi

	Signal
	Bw < 128 kHz (-134.5 dBW)
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A study for a radio amateur station transmission power of 300W has also been done and the results can be seen below.
Figure 87
Home station 1, sub-urban environment, Tx power 300 W using Recommendation ITU-R P.1546
	Tx Power
	300W
	300W
	300W
	300W

	Location prob.
	50 %
	50 %
	1 %
	1 %

	Clutter height
	0 m
	10 m
	0 m
	10 m

	RNSS RX gain
	-6 dBi
	-63 dBi
	-6 dBi
	-63 dBi

	Signal
	Bw < 128 kHz (-134.5 dBW)
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A1.9.12.1 	Home station-1, Amateur-Satellite-Uplink scenarios
For Amateur-Satellite-Uplink scenarios, the same type of study has been performed with the difference that the down tilting antenna angle is different than 0o in this case. The study considered for the Home station 1 a transmission power of 1W.
Figure 98
Home station 1, sub-urban environment, Tx power 1 W for Amateur-Satellite-Uplink communications
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	Location prob.
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	Clutter height
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	RNSS RX gain
	-6 dBi
	-63 dBi
	-6 dBi
	-63 dBi

	Signal
	Bw < 128 kHz (-134.5 dBW)

	Down tilt angle 
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It is advantageous to orient the amateurs' antennas towards the Amateur Satellite both for RNSS and for the amateurs. It can be seen from the study realized that by changing the down tilt of the amateur antenna the interference area decreases significantly especially for high gain directive amateur antennas. For the amateur antenna Home station 1, it was seen that we can decrease the interferences by 1 km for a down tilt antenna angle of 5 degrees and by maximum 10 km for an angle of 90 degrees.

A1.9.2 	Home station-2
For Earth-Moon-Earth scenarios a study has been performed where the down tilting antenna angle is different than 0 degrees. The study considered for the Home station 2 has a transmission power of 50W.The following figures refer to the home station, type 2.
Figure 109
Home station 2, sub-urban environment, Tx power 50W using Recommendation ITU-R P.1546 for Earth-Moon-Earth communications
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	50 %
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	1 %
	1 %

	Clutter height
	0 m
	10 m
	0 m
	10 m

	RNSS RX gain
	-6 dBi
	-63 dBi
	-6 dBi
	-63 dBi

	Signal
	Bw < 128 kHz (-134.5 dBW)

	Down tilt angle
	5 deg
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It is advantageous to orient the amateurs' antennas towards the Amateur Satellite both for RNSS and for the amateurs. It can be seen from the study realized that by changing the down tilt of the amateur antenna the interference area decreases significantly especially for high gain directive amateur antennas. For the amateur antenna Home station 2, it was seen that we can decrease the interferences by 5 km for a down tilt antenna angle of 5 degrees and by maximum 15 km for an angle of 90 degrees. Furthermore, for higher gain antennas and low 3 dB beam width, it could be possible to decrease the interferences on an area higher than 15 km around the amateur station depending on scenario.
A1.9.2.1 	Home station-2, Earth-Moon-Earth scenarios
For Earth-Moon-Earth scenarios, the same type of study has been performed with the difference that the down tilting antenna angle is different than 0o in this case. The study considered for the Home station 2 a transmission power of 50W.
Figure 10
Home station 2, sub-urban environment, Tx power 50 W for Earth-Moon-Earth communications
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It is advantageous to orient the amateurs' antennas towards the Amateur Satellite both for RNSS and for the amateurs. It can be seen from the study realized that by changing the down tilt of the amateur antenna the interference area decreases significantly especially for high gain directive amateur antennas. For the amateur antenna Home station 2, it was seen that we can decrease the interferences by 5 km for a down tilt antenna angle of 5 degrees and by maximum 15 km for an angle of 90 degrees. Furthermore, for higher gain antennas and low 3 dB beam width, it could be possible to decrease the interferences on an area higher than 15 km around the amateur station depending on scenario.

A1.9.3 	Permanent installation
Figure 11
Permanent installation, sub-urban environment, Tx power 1 W using Recommendation ITU-R P.1546
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	Bw < 128 kHz (-134.5 dBW)
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[bookmark: _Toc83815696][bookmark: _Toc85661620]A1.10 	Conclusions
The simulations indicate interference areas around radio amateur stations with an extent of several km, depending on the case.
Interferences around the amateur radio station are higher, by around 10 dB, for narrowband signals. This is due to the fact that even if the signal has a narrower band and a different interference protection level, the power, antenna gain, antenna height and all other parameters have not changed in comparison with a broadband signal. Furthermore, for wideband signals we are using an interference threshold in dBW but for broadband signals we are using dBW/MHz so if we are considering a broadband ATV signal of 18MHz of bandwidth then we will have a decrease of approximatively 12 dB in interference in comparison with a narrowband signals.
{Editor’s Note: For an accurate study, section 7 of this report should be made clearer and definite scenarios should be proposed by the affected parties so that the studies can reflect the reality. 
For wideband interfering signals, if a -140 dBW/MHz value at the output of the RX antenna is considered then the protection criteria is lower for all types of antennas, for all power values and for all location probabilities. For higher location probabilities the protection criteria is also higher as it should be expected. If the TX power is increased, then the area of interference also increases making it more difficult to protect the RNSS systems against possible interference. Same conclusion can be made for higher clutter, the interference around the Amateur Radio station increases.
Three types of radio amateur radio stations have been considered and it was observed that the higher the gain of the station the higher the interference area. It was also observed that the highest interference area, till around 65 km, was obtained for Home station 2 where the maximum gain of the station was considered 32 dBi. It can also be noted that if the amateur radio station has a lower 3dB beam width then the interference is at its highest in the direction of the maximum gain. But, for antennas with higher 3dB beam with the interference starts to become more consistent in other directions too and not only in the direction of the maximum gain.
For all scenarios, if the TX power is increased, then the area of interference also increases making it more difficult to protect the RNSS systems against possible interference. It was demonstrated for Home station 1 that for a transmission power of 300 W the highest interference distance of 35 km was obtained, while when 1W transmission power was used a maximum of 10 km interference distance was generated.
For environments with cluttering, the interference area decreases by approximatively 2km in comparison with no cluttering environments. This behaviour is normal because with cluttering the line-of-sight is not always visible and the interference is only obtained from the obstacle diffractions.
Three types of radio amateur radio stations have been considered and it was observed that the higher the gain of the station the higher the interference area. It was also observed that the highest interference area, till around 35 km, was obtained for Home station 1 where the maximum gain of the station was considered 18 dBi and a transmission power of 300W was considered. It can also be noted that if the amateur radio station has a narrower 3dB beam width then the interference is at its highest in the direction of the maximum gain.
Further Wworks could consider frequency dependent protection criteria are presented in section 10.1.1 of the Report. Additional simulations may be needed with different parameters to better assess the real environment and applications.
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