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	Samoa (Independent State of)

	Proposals for the work of the conference

	

	Agenda item 1.5


1.5	to consider the use of the frequency bands 17.7-19.7 GHz (space-to-Earth) and 27.5-29.5 GHz (Earth-to-space) by earth stations in motion communicating with geostationary space stations in the fixed-satellite service and take appropriate action, in accordance with Resolution 158 (WRC-15);

Proposals
This proposal provides a response to Document 61 (Addendum 5) regarding aeronautical ESIM and the protection of terrestrial services from unacceptable interference. This document shows that when atmospheric losses and typical aeronautical ESIM (A-ESIM) antenna patterns are included, the resulting pfd complies with the various proposed pfd masks for most of the cases. The few exceptional cases are in the very low-altitude scenarios where aircraft with aeronautical ESIM are landing or taking off. In these scenarios, the short distances are typically within national boundary limits where authorization would be required from the administration in any case.
Accordingly, it is proposed that an altitude limit is not required.
Review Results
Missing from Document 61 (Addendum 5) is a proper accounting for how A-ESIM would comply with a pfd mask. The study did not:
a)	include the impact of atmospheric losses, which are a key component in the computation of pfd at the terrestrial station. The non-inclusion of these losses in results in a significant over-estimation of the actual pfd level at the terrestrial station.
b)	use measured A-ESIM off-axis e.i.r.p. density patterns (included in WP 4A’s PDN Reports), and instead used the Recommendation ITU-R S.524-9 off-axis e.i.r.p. density limit. In some cases, this results in a significant over-estimation of off-axis e.i.r.p. density in the direction of the terrestrial station.
c)	use typical operating elevation angles for the A-ESIM. Using elevation angles of 20 degrees or less resulting in an over-estimation of off-axis e.i.r.p. density in the direction of the terrestrial station.
d)	use proper geometry for the calculation of angle of arrival of the pfd at the terrestrial station. When the proper geometry is not used, the result is over-estimation of off-axis e.i.r.p. density in the direction of the terrestrial station.
This proposal considers the fact that as an A-ESIM moves throughout its service area, the minimum altitude that the A-ESIM can operate at, while meeting the pfd limits, changes significantly due to the variation of the above and other parameters. Each of elements a) to d) above individually contributes toward a higher assumed value for the calculated pfd; together, they result in materially higher calculated pfd levels, and levels that are beyond any realistic worst-case assumptions and do not reflect actual A-ESIM parameters or operations. Element e) above suggests that adopting an altitude limit based on a worst case analysis would dramatically over-constrain A-ESIM operation and is not justified; a pfd limit on its own protects co-frequency terrestrial services.
Document 61 (Addendum 5) includes four cases, each with five permutations. Cases 1 through 4 assume operating A-ESIM elevation angles of 20, 15, 10, and 5 degrees toward the receiving GSO FSS satellite, respectively. The permutations for each case consider five different A-ESIM operating altitudes and distances from the terrestrial station. The altitudes range from 8 715 m down to 872 m and the associated distances range from 100 000 m down to 10 000 m. In each case, the assumed angle of arrival of the emission from the A-ESIM is 5 degrees above the horizon.
Atmospheric attenuation was not applied in the calculations. However, Document 61 (Addendum 5) recognizes in the conclusion of its analysis that if atmospheric attenuation characteristics had been included, the pfd from the A-ESIM actually would satisfy the Option 1 pfd mask and the Option 2 pfd mask. This omission is very significant.
In the ITU, consideration of atmospheric attenuation is a significant component of the pfd calculation. Any pfd result reached without consideration of atmospheric attenuation in accordance with ITU-R recommendations - especially in the millimetre wave bands such as 27.5-29.5 GHz - is of limited or no value.
As shown below, once atmospheric attenuation consistent with ITU-R recommendations (including Recommendation ITU-R P.676 on propagation) is factored in, and after making appropriate adjustments for angle of arrival and below-horizon angles, the ability of ESIMs to meet the various proposed masks, i.e. the Option 1 and the Option 2 pfd masks, as well as the pfd mask in the CITEL IAP (Document 11, Addendum 5) (“CITEL IAP pfd mask”), improves considerably. It is noted that the extent to which a particular mask can be met depends on the specifics of the mask and varies depending on the characteristics of the ESIM terminal and its location at any particular point in time.
When actual A-ESIM antenna patterns are used, the A-ESIM can meet the pfd limits at lower altitudes. Similarly, typical operating elevation angles are higher than the ones considered in Document 61 (Addendum 5), which also improves the feasibility of meeting the pfd masks. Examples of this are given below.
In addition, A-ESIM operations do not always occur at maximum transmit power density. In fact, a variety of trade-offs are employed by the ESIM network operator in optimizing ESIM network performance, with adjusting transmit power density to ensure compliance with the pfd mask at lower altitudes being one of them.
[bookmark: _GoBack]As to the remaining factors, using a value of 5 degrees for the angle of arrival does not match the stated altitude and distance for the given permutations. Document 61 (Addendum 5) does not appear to use the method in Recommendation ITU-R M.1643 to calculate the angle of arrival. Recommendation ITU-R M.1643 provides a method to calculate angle below the horizontal from the aircraft earth station (𝛾) and angle of arrival above the horizon at the ground station (𝜃). As calculated by M.1643, 𝛾 and 𝜃 are not the same under any of the cases presented in Document 61 (Addendum 5). The formula used in Figure 1 of Document 61 (Addendum 5) assumes that the arrival angle of the pfd at the ground from the A-ESIM and the departure angle below the horizontal from the A-ESIM toward the ground are the same. This is not the case with A-ESIM, and this unsubstantiated assumption results in an incorrect value for both 𝛾 and 𝜃 (𝜃 is given as 𝛿 in Figure 1 of Document 61 (Addendum 5)). As a result, Document 61 (Addendum 5) overstates the calculated e.i.r.p. density by about one-tenth of a dB. Also, as the angle of arrival value is miscalculated, this also results in a miscalculation of the applicable Option 2 pfd limit as a fixed value of −118.1 dB(W/(m2*MHz)) for each permutation whereas the actual computed Option 2 pfd limit value varies between −118.8 and −118.3 dB(W/(m2*MHz)). The differences are −0.7 to −0.3 dB in these examples, but the methodology used in Document 61 (Addendum 5) could result in larger miscalculation for other altitude and distance combinations than were Recommendation ITU-R M.1643 used.
Starting from the initial assumptions made in Document 61 (Addendum 5), the following provides a step-by-step analysis of the effect of including the additional factors and refinements discussed above on the compliance with each of the Option 1, Option 2 and CITEL IAP pfd masks, without the need for an altitude limit, or an elevation angle limit.
*  *  *  *  *
For the five permutations of altitude and distance in Document 61 (Addendum 5), the atmospheric losses calculated using ITU-R P.626 are given in the table below for a typical location in Asia.
Table 1
Atmospheric losses for permutations 1-5
	
	Perm-1
	Perm-2
	Perm-3
	Perm-4
	Perm-5

	Distance (m)
	100 000
	68 850
	50 000
	40 000
	10 000

	Altitude (m)
	8 715
	6 000
	4 358
	3 486
	872

	Atmospheric (dB)
	30.6
	20.9
	15.1
	12.1
	2.9


Adding in the attenuation losses and making the other necessary corrections for angle of arrival and below horizon angle, Table 2 shows the resulting pfd for the 20 degree operating A-ESIM elevation angle for each of the five permutations and compares the result to the Option 1, Option 2, and CITEL IAP pfd masks.
Table 2
Revised pfd for 20 degree A-ESIM elevation and permutations 1-5
	
	Perm-1
	Perm-2
	Perm-3
	Perm-4
	Perm-5

	pfd (dB(W/(m2*MHz)))
	−145.26
	−132.28
	−123.69
	−118.69
	−97.45

	Option 1 pfd limit
	−113.78
	−113.47
	−113.30
	−113.23
	−113.01

	Margin (dB)
	31.48
	18.81
	10.39
	5.47
	−15.56

	Option 2 pfd limit
	−118.79
	−118.57
	−118.46
	−118.41
	−118.25

	Margin (dB)
	26.47
	13.71
	5.23
	0.29
	−20.80

	CITEL pfd limit
	−115.87
	−115.63
	−115.50
	−115.45
	−115.28

	Margin (dB)
	29.39
	16.65
	8.19
	3.25
	−17.83


Operating elevation angles for earth stations are a function of latitude and the difference in longitude between the earth station and target satellite. Earth stations typically communicate with a satellite that is ±40 degrees of their longitude. For mid latitudes operating elevation angles are often well above 50 degrees and for higher latitudes a 35 degree operating elevation angle is not uncommon.
A-ESIMs use many different types of antennas, some of which enable the A-ESIM to keep emissions well below the Recommendation ITU-R S.524-9 off-axis e.i.r.p. density limit. An example of the pattern of such an antenna is shown in Figure H-A1 of the annex to the preliminary draft new Report ITU-R S.[ESIM-MS], and copied below for convenience. When such an antenna is used, it is readily observed that the actual e.i.r.p. density at the various theta angles is well below the mask limits in Recommendation ITU-R S.524-9.

[image: ]
Figure H-A1
off-axis e.i.r.p. density pattern of 78 cm A-ESIM antenna
*  *  *  *  *
Views and Proposals
The exclusion of atmospheric attenuation from the study in Document 61 (Addendum 5) has a profound impact on the study’s results. Had atmospheric losses and the ability of A-ESIM operators to adjust transmit power densities been taken into consideration, a different conclusion would have been drawn. Specifically, as shown above, the various pfd masks under consideration (Option 1, Option 2 and CITEL IAP) can be satisfied by A-ESIM operators in most scenarios. A-ESIM using better performing antennas will also be able to comply with the pfd limits at even lower altitudes and shorter distances from terrestrial stations. In cases where an A-ESIM cannot meet the pfd limits, the A-ESIM operator would satisfy the pdf limits by inhibiting co-frequency transmissions to ensure compatibility with co-frequency terrestrial services.
Most fundamentally, as is apparent from the example calculations provided in this document, the altitude adjustments that A-ESIM must make in order to comply with the pfd limits are dependent on a number of factors and varies continuously as the aircraft moves. Hence, a minimum altitude limit on A-ESIM based on an unrealistic worst case set of parameters would severely constrain A-ESIM and represent an inefficient use of spectrum resources. Furthermore, such a constraint would be completely unnecessary, as compliance with a pfd mask would provide full protection for terrestrial services. It is noted that the altitude an A-ESIM can operate at will be limited as a result of taking the measures necessary to comply with the pfd mask.
For these reasons, this contribution supports adoption of a pfd mask (such as the Option 1 mask proposed in Document 95, the joint proposal on agenda item 1.5 from Samoa and Vanuatu), and proposes that the Conference conclude that there is no substantiation provided in Document 61 (Addendum 5) for the altitude and elevation angle limitations for A-ESIM suggested in the joint proposal in Document 65.
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