- 2 -
4A/691 (Annex 29)-E
	Radiocommunication Study Groups
	[image: ]

	PTB(22)087 ANNEX VI-09
	[bookmark: _GoBack]

	
	

	[bookmark: recibido][bookmark: dnum]Received:	Date 2022
Subject:    WRC-23 agenda item 1.15
Resolution 172 (WRC-19)	
	Document 4A/XXX-E

	[bookmark: ddate]
	Date 2022

	[bookmark: dorlang]
	Original: English

	[bookmark: dsource]Germany, (Federal Republic of)[[footnoteRef:1]] [1:  [This contribution has been developed and agreed within the framework of CEPT CPG PTB.]] 


	[bookmark: drec]Proposed modifications to Preliminary draft CPM text for WRC-23 agenda item 1.15

	[bookmark: dtitle1]


This contribution from [Germany/CEPT] addresses preliminary draft CPM text for WRC-23 agenda item 1.15. In accordance with discussions that took place in the WP 4A meeting in May 2022, the contribution explains in particular the way the interference management function of A-ESIM and M-ESIM is carried out. The contribution also provides a comprehensive review of the preliminary draft CPM text for WRC-23 agenda item 1.15 

[Germany/CEPT] proposes changes to preliminary draft CPM text for WRC-23 agenda item 1.15 using document Annex 28 to Document 4A/691 as a baseline, as shown in the Attachment 1. 
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ATTACHMENT 1
Source: Annex 28 to Document 4A/691

Chapter 4
Satellite issues
(Agenda items 1.15, 1.16, 1.17, 1.18, 1.19, 7)
Agenda item 1.15
(WP 4A / WP 3M, WP 5A, WP 5B, WP 5C, WP 7C)
1.15	to harmonize the use of the frequency band 12.75-13.25 GHz (Earth-to-space) by earth stations on aircraft and vessels communicating with geostationary space stations in the fixed-satellite service globally, in accordance with Resolution 172 (WRC-19);
Resolution 172 (WRC-19) – Operation of earth stations on aircraft and vessels communicating with geostationary space stations in the fixed-satellite service in the frequency band 12.75‑13.25 GHz (Earth-to-space)
Note 1: The understanding of this agenda item is that it addresses the operation of earth stations on aircraft and vessels communicating with geostationary space stations in the fixed-satellite service in the frequency band 12.75‑13.25 GHz (Earth-to-space), consistent with the title of Resolution 172 (WRC‑19).


4/1.15/1		Executive summary
[Text of the executive summary, not more than half a page of text to describe briefly the purpose of the agenda item, summarize the results of the studies carried out and, most importantly, provide a brief description of the method(s) identified that may satisfy the agenda item. See also §A2.1 of Annex 2 to Resolution ITU-R 2-8]
4/1.15/2		Background
The ITU has addressed earth stations on aircraft and vessels, hereafter referred to as A-ESIMs and M-ESIMs respectively, at previous WRCs.  
Agenda item 1.15 calls for studies on the possible operation of A-ESIM and M-ESIM communicating with geostationary space stations in the fixed-satellite service in the frequency band 12.75-13.25 GHz (Earth-to-space).  The use of the 12.75-13.25 GHz frequency band (Earth-to-space) by geostationary-satellite networks in the fixed-satellite service is subject to Appendix 30B (AP30B), which contains a worldwide fixed-satellite service allotment Plan and Assignment in the List and has its own regulatory procedures and technical criteria. 
In tThe RR AP30B requires the explicit agreement of an administration for the partially or wholly inclusion of its territory in the service area of a proposed AP30B assignment (§ 6.6 of AP30B). A review by the BR of the service area of the AP30B assignments recorded in the MIFR showed that generally the service areas of AP30B networks are non-contiguous and the number of countries in these service areas ranges from one to fifty countries. Additionally, § 6.16 of AP30B provides that an administration may at any time exclude its territory from the service area of an AP30B assignment. Therefore, A-ESIMs and M-ESIMs aeronautical or maritime earth stations in the 12.75‑13.25 GHz band need to have the capability to restrict operations as discussed below in Section 3.2 in territories of those administrations where agreement under § 6.6 has been obtained and authorization for such operations has been granted. Also, a distinctive aspect of Appendix 30B is the existence of Reference situation for all Plan Aallotments and Aassignments in the List.
Moreover, for the operation of A-ESIM and M-ESIM, the technical, operational and regulatory provisions including responsibilities of administrations and entities responsible for the operation, authorization and the interference management system of these earth stations need to be defined.
4/1.15/3		Summary and analysis of the results of ITU-R studies
4/1.15/3.1		User requirements of A-ESIM and M-ESIM operating with GSO FSS satellites.
[bookmark: _Hlk76052960]Aeronautical and maritime routes may in some cases and under certain circumstances be out of reach of terrestrial networks and must rely on satellite connectivity. In addition, ships and airplane need automating data processes and digitalizing their operations. 
4/1.15/3.2		Technical and operational characteristics of A-ESIM and M-ESIM 
[bookmark: _Hlk103671752]One of the key components of GSO A-ESIM and M-ESIM is the Antenna Control Unit (ACU) which performs two main functions. First, it detects and cancels relative movements of the ship or airplane in any direction to ensure the antenna maintains an accurate pointing toward the satellite with which the GSO ESIM communicate. Secondly, the ACU performs a closed loop tracking of the satellite signal to ensure accurate pointing of the antenna towards the satellite.
There is a need that the notifying administration of the GSO satellite network ensures that the operation of ESIMs meets the technical and regulatory requirements contained in the Radio Regulations as well as those required in national authorizations. That is accomplished through appropriate facilities established for the operation of ESIM (e.g., Network Control and Management Center (NCMC) or equivalent facility). The function of the NCMC could also include transmission level adjustment or shut down, frequency or modulation change, confirming antenna pointing accuracy and other requirements. ensures that ESIM operates only in territories included in the final service area as updated following the application of § 6.16 of Appendix 30B and for which its operation is authorized by the administration having the jurisdiction on that territory. 
In addition, there is a need forthat the notifying administration of the GSO satellite network to ensure that through appropriate facilities are established for the operation of ESIM (e.g., NCMC) to monitors the operation of such an earth station to determine if it is malfunctioning (including if there is any change in its nominal operations).  In case a malfunctioning is determined, the notifying administration of the satellite network should ensure that through the NCMC appropriate facilities established for the operation of ESIM (e.g., NCMC) should send to the malfunctioning ESIM is a “disabled transmission” command. 
There is also the need that the notifying administration of the satellite network through appropriate facilities established for the operation of ESIM (e.g., NCMC) cease will ensure that the transmissions can immediately cease upon receipt of a report of unacceptable interference or reduce the interference to an acceptable level.  There is the need to explore how the term “immediately” could be implemented.
Note: The proposal to delete the phrase above is due to the fact that this matter is covered in section 3.5 on interference management mechanisms. 
The notifying administration of the satellite system is also responsible of ensuring that ESIMs operate only in territories included in the final service area as updated, following the application of § 6.16 of Appendix 30B, and for which its operation is authorized by the administration having the jurisdiction on that territory. To this effect an ESIM may be programmed to determine whether it is allowed to transmit based on its location so that, when it is on the territories of administrations that have not authorized such use, the terminal would automatically cease transmissions. This can be achieved by technical measures deployed on the ESIM, and is often referred to as “geofencing”. The ESIM operation may also have specific predefined configurations depending on their location, for example to comply with local conditions. This will allow ESIMs to adapt their emissions automatically based on their location. 
The functionalities of the ESIM and the NCMC are illustrated in Figure 3-1.
Figure 3-1
Capabilities of ESIM and NCMC for interference avoidance. 
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The only administration that could notify ESIM is the same administration notifying the satellite system with which ESIM communicates. Therefore, the notifying administration of the satellite system is responsible for the compliance of ESIM with all relevant regulatory and administrative provisions including cases of interferences.
If interference is detected by an administration, information of the interference will be provided to the notifying administration, including any information regarding the characteristics of the interference such as measurements, where feasible, and the notifying administration will contact the designated permanent point of contact for the ESIM operation. The notifying administration of the satellite system and designated permanent point of contact shall review the information provided by the affected administration to identify the ESIM suspected of causing the interference. The point of contact has authority and capability to ensure that the NCMC will send disable transmission command to the ESIM to cease transmission. The notifying administration of the satellite system inform the affected administration of the actions it has undertaken. Further investigations will be carried out and depending on the type of interference the transmission characteristics and operational configuration of ESIM in specific locations may be modified to avoid future occurrence of interference. Figure 3-2 below explains the sequences of troubleshooting interference once it is detected.
Figure 3-2
Sequence of actions to be taken in case of interference. 
[image: ]
NOTE: the way the interference management function is carried out is yet to be clarified and agreed upon.
In this connection the required sequence of actions to be taken, including the detection of interference, identification of source/origin, the reporting facilities as well as the timing action by the notifying administration of the satellite network responsible for the operation of ESIM together with the involvement of NCMC to cease or decrease the reported interference to an acceptable level need to be described in detail in contributions to WP 4A.
It is also necessary to describe the function of the NCMC and description of the mechanism to command the ESIM to command the action described above, as well as the way in which the ESIM would cease emission/transmission approaching to the countries which are neither in the agreed service area nor given the authorization for ESIM operation need to be described clearly in the above-mentioned contributions to WP 4A. 
The notifying administration of the satellite network needs to ensure that the ESIM comply with all provisions that may be included in a new draft Resolution and all applicable provisions of the Radio Regulations. 
4/1.15/3.3		System overview and responsibility of the entities involved in the operation of A-ESIM and M-ESIM
4/1.15/3.3.1	System overview
From a system configuration perspective, the communications from A-ESIM and M-ESIM earth station (e/s) on aircraft and vessels communicating with a GSO FSS satellite involve the transmission links depicted in Figure 3‑31.
Figure 3-31
System Operation in the Context of Operation under Appendix 30B
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Operation of these links under the regulatory procedures of RR Appendix 30B requires the following: 
a)	that the administration had a filing recorded in the List or MIFR with favourable finding
b)	that the satellite has coverage of the relevant location of the earth statione/s;
c)	that the country is in the service area of the AP30B GSO network; and 
d)	that authorization has been obtained from the country in whose territory, national airspace and territorial waterways the earth stations operate.  
For condition c) above, it is necessary for a country to explicitly agree to be in the service area of that network. For additional clarification this is depicted in Figure 3-1, where the blue shaded area represents the territory, territorial waters and airspace of a given country that has explicitly agreed to be in the service area of a network. 
[The operation under link 3 are the subject of agenda item 1.15.]
The operation of links 1 and 4, i.e., signals to/from fixed earth stations and the Appendix 30B network, are currently covered and allowed under Appendix 30B network ITU filing. The status of these links and their function will not be different if the Appendix 30B satellite also communicates with A-ESIMs and M-ESIMsearth stations on aircraft and vessels, which is being studied under WRC-23 agenda item 1.15.
Link 2 operations in the frequency bands 10.7-10.95 GHz and 11.2-11.45 GHz is for signal reception at an earth station on an aircraft and/or vessel to provide broadband service to the end user on board aircraft and vessels. Such operation is subject to not claiming protection from other applications of the FSS as well as other radiocommunication services to which the frequency band is allocated as indicated in considering e) of Resolution 172 (WRC-19).
Link 3 operations in the frequency band 12.75-13.25 GHz is for transmission from an earth station on an aircraft and/or vessel to a GSO Appendix 30B space station. This link has the potential to cause interference to other RR Appendix 30B FSS allotments and assignments as well as other services allocated in the band in addition to services in the adjacent bands, including terrestrial services. 
4/1.15/3.3.2	Responsibility of the entities involved in the operation of ESIM
For the operation of A-ESIM and M-ESIM earth station on aircraft and vessels the responsibilities of the entities involved was studied.  It was agreed that the most practical and pragmatic way with which ESIM could be notified is under the provisions of Annex 1 of Draft Resolution [A115].  In accordance with these provisions, the only administration that could notify an ESIM is the same administration as the one notifying the GSO network with which the ESIM communicate.
4/1.15/3.4		Operation of A-ESIM and M-ESIM communicating GSO FSS satellites in the frequency band 12.75-13.25 GHz
[bookmark: _Hlk103477543]In accordance with Resolution 172 (WRC-19), A-ESIM and M-ESIM need to protect the existing services to which the 12.75-13.25 GHz band is allocated as well as services in adjacent frequency bands and not adversely affect assignment of those services and their future development.
The 12.75-13.25 GHz band is allocated on a primary basis to the fixed, fixed-satellite (FSS) (Earth-to-space) and mobile services, and on a secondary basis to the space research (deep space) (space-to-Earth) service globally.
In the adjacent band A-ESIM and M-ESIM shall protect earth exploration-satellite, aeronautical radionavigation and space research (active) services.
The following sections describe how A-ESIM and M-ESIM need to protect assignments of services to which the 12.75-13.25 GHz is allocated and in adjacent bands as called for in Resolution 172 (WRC-19).
4/1.15/3.5		Sharing with terrestrial services (fixed and mobile services)
The use of A-ESIM and M-ESIM within the territory of one administration need to protect terrestrial services in the territories of other administrations. 
Studies to be carried out under WRC-23 agenda item 1.15, focus on the following scenarios:
4/1.15/3.5.1	Sharing between A-ESIM with terrestrial services
Studies have been considered on the protection of the terrestrial services from A-ESIM. All of the studies except one used a similar approach which included simulations of multiple A-ESIMs and examined the long term and short-term protection criteria to protect terrestrial stations. These studies demonstrated that the PFD levels mask below, if met at the surface of the Earth by emissions from a single A-ESIM operating at altitudes from 0 km and up to 10 km, allow towould meet the protection criteria for terrestrial services.  
                   –123.5 dB(W/(m2 · 1 MHz))                    for   θ ≤ 5°
                   –128.5 + θ dB(W/(m2 · 1 MHz))              for   5 °< θ ≤ 40°
                   –88.5 dB(W/(m2 · 1 MHz))                      for 40° < θ ≤ 90°
where θ is the angle of arrival of the radio-frequency wave (degrees above the horizon). These limits take into account only free space attenuation and no polarization mismatch was considered.
One of these studies considered aircraft altitudes up to 12 km, which increases the number of A-ESIMs considered in the simulation. Atmospheric gases attenuation along the path from the earth station to the terrestrial station was not taken into account which could impact the results of the studies. For altitudes above 10 km, this study showed a slight exceedance to the long-term protection criteria for a fixed station with a 29 dBi gain antenna. To address this slight exceedance, this study considered that the above mask would need to be 6 dB more stringent for aircraft at altitudes above 10 km and up to 12 km in order to meet the protection criteria.  It was agreed that further simulations should be performed to address this case. 
Another study employed a static methodology to derive an A-ESIM PFD mask to protect the terrestrial station based on a I/N value of -10 dB not to be exceeded from a single A-ESIM. This study considered the parameters of a fixed service station with highest maximum antenna gain provided by WP 5C, taking into account worst case scenario. It concluded that the PFD mask not to be exceeded from emission of earth stations on aircraft in the frequency band 12.75-13.25 GHz should be:
-152.1654 + 52.2324·θ2 dB(W/(m2 · 1MHz)) 	for 0° ≤ θ < 0.5620°
-135.6654 dB(W/(m2 · 1MHz)) 			for 0.5620° ≤ θ < 0.8017°
-133.2654 +25 log10(θ) dB(W/(m2 · 1MHz)) 		for 0.8017°≤ θ < 48°
-91.2654 dB(W/(m2 · 1MHz)) 			for 48° ≤ θ ≤ 90°
where θ is the angle of arrival of the radio-frequency wave (degrees above the horizon).
4/1.15/3.5.2	Sharing between M-ESIM with terrestrial services
Technical studies addressed how the short and long-term protection requirements of the terrestrial services can be met by determining a minimum distance from the low-water mark as officially recognized by the coastal State within which the M-ESIM transmission is subject to the prior agreement of that administration.  All studies used the same worst-case assumption of a maximum M-ESIM power of 8W within the receive bandwidth of the terrestrial service terminal and, for determination of distances required to meet the FS short-term protection criterion, followed the methodology described in Recommendation ITU-R SF.1650-1. 
Study 1, based on the propagation model of Recommendation ITU-R P.452, addressed the protection of the FS, and demonstrated that the maximum distance is driven by the short-term protection criterion of the FS station. According to this study, the required distance to meet the short-term protection criterion of the FS, for M-ESIM antennas with a discrimination angle of 10°, is 190 km from the low-water mark as officially recognized by the coastal State.  In comparison, the same study showed that the distance required meet the FS long-term protection criterion is 86 km.
Study 2 calculated the minimum distance required to meet the short-term protection criterion of the FS, but used the propagation model of Recommendation ITU-R P.620 instead. It concluded that the required distances to meet the short-term protection criterion of the FS, for M-ESIM antennas with discrimination angles of 10°, 20° and 35° are, respectively, 218 km, 211 km and 190 km from the low-water mark as officially recognized by the coastal State.
Study 3, based on the propagation model of Recommendation ITU-R P.452, demonstrated that the minimum distance from the low-water mark as officially recognized by the coastal State required to meet the short-term protection criterion of the FS is 195.21 km for the case of 10° M-ESIM antenna discrimination angle. For 36° antenna discrimination angle, the distance varies from 155.84 km to 150.7 km, noting that Recommendation ITU-R SF.1650-1 indicates that “10° discrimination only occurs in the improbable case for which the FSR and ESV azimuths are aligned, and the ESV operates at the minimum elevation angle”. 
Study 4 addressed the protection of the MS using the technical characteristics of the Broadcast Auxiliary Services (BAS) that operate in the mobile service as described in Recommendation ITU-R M.1824-1. It also calculated distances from the low-water mark as officially recognized by the coastal State required to meet short- and long-term protection criteria of the BAS and showed that the largest required distance to meet the BAS protection criteria is 99.8 km, about half the distance required to protect the fixed services on land. Consequently, protecting the FS will automatically protect the MS operating in the same frequency band.
Given the good agreement of the results of these studies, it is proposed to adopt a minimum distance of [TBD] km from the low-water mark as officially recognized by the coastal State within which the M-ESIM transmission is subject to the prior agreement of that administration, if such method to satisfy A.I. 1.15 of WRC-23 is adopted by the Conference.
4/1.15/3.6		Sharing with space services
4/1.15/3.6.1	Appendix 30B allotment and frequency assignments
In accordance with recognizing j) of Resolution 172 (WRC-19), there are established criteria in Annex 4 to Appendix 30B comprising single-entry and aggregate values to protect RR Appendix 30B assignments so the A-ESIMs and M-ESIMs earth stations on aircraft and vessels communicating with GSO space stations shall ensure protection of, and not impose undue constraints on, those services and their future development.
Technical characteristics of A-ESIM and M-ESIM communicating with a GSO space station in the FSS shall comply with the envelope defined in Appendix 30B, also within the envelope characteristics of the Appendix 30B notified earth stations associated with the satellite network with which the ESIMs communicate, and/or with the coordination agreements reached between administrations. 
4/1.15/3.6.2	Non-geostationary FSS satellite systems
In accordance with recognizing b) of Resolution 172 (WRC-19), the technical characteristics of A-ESIM and M-ESIM communicating with a GSO FSS shall comply with the envelope defined in Appendix 30B characteristics of the Appendix 30B notified earth stations associated with the satellite network with which the ESIM communicates, and/or with the coordination agreements reached between administrations.
Provisions 22.26 – 22.28 of the Radio Regulations, specify limits for the e.i.r.p. emitted by an earth station of a GSO satellite network, operating in the 12.75-13.25 GHz band, for any off-axis angle which is 3° or more off the main-lobe axis of a GSO earth station antenna, thereby limiting emissions from GSO earth stations which could impact satellites in non-GSO satellite systems. These provisions would also apply to A-ESIMs and M-ESIMs earth stations on aircraft and vessels which would limit the e.i.r.p. levels transmitted towards non-GSO satellite systems [therefore the interference [environment] for non-GSO FSS is expected to remain unchanged]. For further information on this issue see also Annex 3 of draft new Resolution [A115]. 
[bookmark: _Hlk87869611][bookmark: _Hlk103488818]4/1.15/3.6.3 	Earth exploration-satellite service, space research service in frequency band 13.25-13.4 GHz
The ITU-R studied the compatibility between A-ESIM and M-ESIM communicating with GSO FSS networks in the band 12.75-13.25 GHz and EESS (active) in the band 13.25-13.75 GHz.  A comparative analysis was performed from the results of in-band studies between GSO FSS (earth-to-space) and EESS (active) in the band 13.25-13.75 GHz (see Report ITU-R S.2365). It was concluded that even though Recommendation ITU-R RS.2105 contains further typical EESS (active) system characteristics that were not considered by the analyses in Report ITU-R S.2365 there will not be a compatibility  issue between EESS (active) in the band 13.25-13.75 GHz from A-ESIM and M-ESIM in the 12.75-13.25 GHz band due to the relatively large amount of signal attenuation from FSS emissions into the EESS (active) band. 
4/1.15/3.6.4	Aeronautical radionavigation systems in frequency band 13.25-13.4 GHz
[bookmark: _Hlk103590872]Two studies on the protection of Aeronautical Radionavigation Service (ARNS) were performed. Both studies considered protection of ARNS radars 3, 4, 6 and 7 in Table 1 of Recommendation ITU-R M.2008-1. One of the studies addressed the aggregate interference from A-ESIM to an airplane equipped with an ARNS radar in Approach 1, Approach 2, Holding and Landing scenarios as defined by WP 5B. In this study the polarization mismatch and the radar receiver feeder loss were considered to be 0 dB. The second study analyzed the impact of a single A-ESIM using similar assumptions as the first study. Both studies concluded that with the assumptions taken, the I/N protection criteria of the ARNS operating in the 13.25-13.40 GHz frequency band was met for all scenarios.
An additional study addressed the potential interference from A-ESIM into ARNS radar installed on the same aircraft and concluded that ARNS protection criteria would always be met.
These studies are intended to be used to assist administration in providing authorization or in bi-lateral and multi-lateral discussion.
4/1.15/4		Methods to satisfy the agenda item
4/1.15/4.1		Method A
No changes to the Radio Regulations and suppression of Resolution 172 (WRC-19).
The no change method stems from the fact that, inter alia, the existence of various uncertainties in the implementation of several courses of action referred to in the potential Resolution associated with Method B.  In particular the manner in which interference will be managed and removed as called for in that Resolution.
4/1.15/4.2		Method B
Add a new footnote in RR Article 5 that refers to a new WRC Resolution with technical, operational and regulatory conditions for the operation of A-ESIM and M-ESIM  communicating with GSO space stations in the fixed-satellite service in the frequency band 12.75‑13.25 GHz (Earth-to-space) while ensuring protection of allocated services inter alia protection of terrestrial services with a combination of minimum distance and e.i.r.p. density for M-ESIM, and pfd masks for A-ESIM and consequential suppression of Resolution 172 (WRC-19).
4/1.15/5		Regulatory and procedural considerations
4/1.15/5.1		For Method A
NOC
ARTICLES

NOC
APPENDICES

SUP
RESOLUTION 172 (WRC‑19)
Operation of earth stations on aircraft and vessels communicating with geostationary space stations in the fixed-satellite service in the
 frequency band 12.75-13.25 GHz (Earth-to-space)

4/1.15/5.2		For Method B
[bookmark: _Hlk505672077][bookmark: _Hlk505671996]ARTICLE 5
[bookmark: _Toc327956583][bookmark: _Toc451865292]Frequency allocations
[bookmark: _Hlk505672023]Section IV – Table of Frequency Allocations
(See No. 2.1)


MOD
11.7-13.4 GHz
	Allocation to services

	Region 1
	Region 2
	Region 3

	12.75-13.25	FIXED
				FIXED-SATELLITE (Earth-to-space) 5.441 ADD 5.A115
			MOBILE
				Space research (deep space) (space-to-Earth)



ADD
5.A115	The operation of earth stations on board aircraft and vessels communicating with geostationary space stations in the fixed-satellite service in the frequency band 12.75-13.25 GHz (Earth-to-space) shall be subject to the application of Resolution [A115] (WRC-23).      (WRC‑23)
DRAFT new RESOLUTION [A115] (WRC-23)
Use of the frequency band 12.75-13.25 GHz by earth stations 
on aircraft and vessels communicating with geostationary 
space stations in the fixed-satellite service
The World Radiocommunication Conference ([Abu Dhabi or Dubai], 2023),
considering
[bookmark: _Hlk65098248]a)	that WARC Orb-88 established an Allotment Plan for the use of the frequency bands 4 500‑4 800 MHz, 6 725-7 025 MHz, 10.70-10.95 GHz, 11.20-11.45 GHz and 12.75-13.25 GHz;
b)	that WRC-07 revised the regulatory regime governing the use of the frequency bands referred to in considering a) above;
c)	that the objective of providing broadband mobile satellite communications, may also be met by allowing earth stations on board aircraft (A-ESIMs) and vessels (M-ESIMs) to communicate with geostationary space stations of a fixed-satellite network in the frequency bands 12.75-13.25 GHz (Earth-to-space) and associated downlink frequency bands of that satellite, including the 10.70-10.95 GHz and 11.20-11.45 GHz of Appendix 30B (AP30B); 
[bookmark: _Hlk63857820]d)	that the frequency band 12.75-13.25 GHz is currently allocated on a primary basis to the fixed, fixed-satellite (FSS) (Earth-to-space) and mobile services and used by a variety of different systems and on a secondary basis to the space research (deep space) (space-to-Earth) service;
e)	that the operation of services to which the frequency band is allocated needs to be protected from earth stations on board aircraft and vessels;  
f)	that the frequency band 12.75-13.25 GHz is used by the geostationary-satellite (GSO) FSS in accordance with the provisions of Appendix 30B (No. 5.441) and that there are many existing GSO FSS satellite networks operating in this frequency band;
g)	that the objective of the procedures prescribed in Appendix 30B is to guarantee in practice, for all countries, equitable access to the geostationary-satellite orbit in the frequency bands of the fixed-satellite service covered by this Appendix;
h)	that appropriate regulatory and interference-management mechanisms, including necessary mitigation measures and associated techniques are required for the operation of A-ESIMs and M-ESIMs earth stations on aircraft and vessels in the 12.75-13.25 GHz (Earth-to-space) frequency band to protect other space and terrestrial services in this band as well as services in adjacent frequency bands and without adversely affecting  those services and their future development, taking into account the provisions of Appendix 30B (see also resolves xx on responsibilities);
i)	that the frequency bands in the space-to-Earth direction corresponding to the frequency band 12.75-13.25 GHz are 10.7-10.95 GHz and 11.2‑11.45 GHz, which may be used by A-ESIMs and M-ESIMsearth stations on board aircraft and vessels, subject to not claiming protection from other services and applications of the FSS as well as other radiocommunication services to which the frequency band is allocated;
[j)	that there is a need to develop a methodology on how to protect [neighbouring] space stations of Appendix 30B from earth stations on board aircraft and vessels communicating with a GSO FSS space station;] [Editor’s note: this considering is subject to revision or candidate for deletion.]
k)	that there is no publicly available information on coordination agreements reached among administrations regarding GSO FSS satellite networks except whether coordination has been completed, which is provided to, and published by the BR;
l)	that there is a need to establish an agreed interference management procedure or mitigation measures together with associated techniques to address the potential interference arising from the use of A-ESIMs and M-ESIMs earth stations on board aircraft and vessels referred to in this Resolution; Editor’s note: this considering is subject to revision. 
m)	that the operation of A-ESIMs and M-ESIMs earth stations on board aircraft and vessels requires the establishment of one or more gateway earth station facilities in one or several countries that are within the service area of the associated satellite network and that are authorized by the administration on the territory where such earth stations are located, in order to allow such communication to take place, 
[Editor’s note: some of the above considering may be moved to recognizing.]
considering further
[bookmark: _Hlk103286656][bookmark: _Hlk103358706]a)	that A-ESIMs and M-ESIMs aeronautical and maritime ESIMs operating within the agreed service area of the satellite networks with which they communicate may provide service within the territories under the jurisdiction of multiple administrations/countries;
[bookmark: _Hlk104373811]b)	that the operation of an ESIMs within the territory under the jurisdiction of administrations/countries mentioned in considering further a) above is subject to obtaining authorization from those administrations/countries; 
c)	see also considering m),
recognizing
a)	that Article 44 of the ITU Constitution contains the basic principles for the use of the radio-frequency spectrum and the GSO and other satellite orbits, taking into account the needs of developing countries; 
b)	that pursuant to § 6.6 of Article 6 of Appendix 30B, the notifying administration of the APppendix 30B network shall seek the explicit agreement of any administration whose territory is partially or wholly included in the intended service area of the assignment; 
c)	that based on the above recognizing the notifying administration of assignments pertaining to Appendix 30B is required to obtain the explicit agreement of other administrations regarding the inclusion of their territory in the service area of the satellite network;
d)	that § 6.16 of Article 6 of Appendix 30B provides the opportunity to any administration at any time to request that its territory be excluded from the service area of any assignment governed by Appendix 30B;
[Editor’s note: review recognizing b) and d) to see if both are needed.]
e)	that the operation of an A-ESIM and M-ESIM earth station on board aircraft and vessels pertaining to and communicating with a space station of a given satellite network is possible if that earth station is within the coordinated and agreed service area of that satellite;
f)	that based on the available information in the Bureau’s database in May 2022, there is no contiguous regional or worldwide coordinated and agreed service area for any satellite using Appendix 30B Ku-band frequencies recorded in the Master International Frequency Register (MIFR);
g)	that in order that for an A-ESIM and M-ESIM toearth station on board aircraft and vessel operateing in the frequency band 12.75-13.25 GHz of Appendix 30B in the most  an effiecienttive and operationally viable manner, having a contiguous regional or worldwide coordinated and agreed service area is an important issue to be taken into accountwould be preferable; 
h) 	that the administration authorizing A-ESIMs and M-ESIMs earth stations on board aircraft and vessels on the territory under its jurisdiction has the right to require that the earth stations on board aircraft and vessels referred to above only use those assignments associated with GSO FSS networks which have been successfully coordinated, notified, recorded in the Master International Frequency Register MIFR with a favourable finding, except those arising from the application of § 6.25 of Appendix 30B, and brought into use as well as their date of bringing into use has been confirmed;
i)	that unless otherwise specified in Annex 1 any course of action taken under this Resolution has no impact on the original date of receipt of the frequency assignments of the GSO FSS satellite network with which the above-mentioned earth stations communicate nor any impact on the coordination agreements already reached under relevant provision of the Radio Regulations requirements of that satellite network; [Editor’s note: this recognizing maybe candidate for deletion after checking Annex 1.]
j)	that WRC-19 also adopted Resolution 170 (WRC-19), which provides the procedure to enhance equitable access to frequency bands under Appendix 30B by developing countries;
k)	that the protection of current usage and future development of the Appendix 30B in the frequency band 12.75-13.25 GHz (Earth-to-space) is a fundamental issue without any adverse effect thereto;
l)	that for determining whether allotment/assignment is considered to be affected there are established criteria in Annex 4 to Appendix 30B comprising single-entry and aggregate values to protect Appendix 30B assignments; Editor’s note: this recognizing maybe revisited taking into account the provisions in Annex 1. Retention or deletion.
[Editor’s note: at its May 2022 meeting WP 4A considered this document up to this point.]
o)	that the operation of earth station on board aircraft and vessel which in reality are belong to mobile satellite system network communicating with space stations of satellite networks governed by Appendix 30B;
p)	that the availability of the methodology to examine conformity to the pfd limit as contained in Annex 2 of this Resolution is a fundamental and crucial element for the proper operation of the ESIM GSO,
q)	that there is need to establish regulatory, technical and recording procedures for the usage of these type of ESIMs Earth Stations in Motion (ESIMs) that may differ than from the current FSS Appendix 30B Plan and list recording procedures,
recognizing further
[bookmark: _Hlk105064985]a)	that under paragraph XXXX [resolves 1.1.3] of Resolution [A115] and Resolution [A116] frequency assignments to ESIMs need to be notified to the Radiocommunication Bureau,
b)	that for the operation of ESIMs, notification of any frequency assignment under Annex 1 of Resolution [A115] shall only be made by one single administration;
c)	that for the operation of ESIMs, notification of any frequency assignment under Article 11 of the Radio Regulations shall only be made by one single administration;
cd)	that, an administration authorizing the operation of ESIMs within the territory under its jurisdiction may modify/withdraw that authorization at any time,
resolves
1	that, for any A-ESIM and M-ESIM earth station on aircraft and vessels communicating with a GSO FSS space station within the frequency band 12.75-13.25 GHz, or parts thereof, the following conditions shall apply:
1.1 	with respect to space services in the frequency band 12.75-13.25 GHz and adjacent bands, A-ESIMs and M-ESIMs earth stations on board aircraft and vessels shall comply with the following conditions:
[Editor’s note: Conditions related to protection of space services, including Appendix 30B Allotments and Frequency Assignments to be further developed as work under the agenda item progresses further.] 
1.1.1	that the use of the frequency band 12.75-13.25 GHz (Earth-to-space) by A-ESIMs and M-ESIMsearth stations on aircraft and vessels shall not result in any changes or restrictions to the allotment in the Plan, assignments in the List of Appendix 30B, and those recorded in the MIFR including the assignments arising from the implementation of Resolution 170 (WRC-19);
1.1.2	with respect to satellite networks or systems of other administrations, the characteristics of A-ESIMs and M-ESIMs earth stations on board aircraft and vessels shall remain within the envelope of typical characteristics of notified earth stations associated with the satellite networks with which these earth stations communicate as published by the Bureau and included in relevant International Frequency Information Circular (BR IFIC) and Annex (1) applies; 
1.1.2 bis	the use of A-ESIMs and M-ESIMs earth stations on board aircraft and vessels shall not cause any interference to APppendix 30B allotments, assignments received by the Bureau under Article 6 either in the process or yet to be processed, assignments in the List, assignments notified under Article 8 of that Appendix and assignments recorded in the MIFR as well as the future use of / submission under the Appendix 30B more than that currentlybeyond that specified in relevant Annexes to that Appendix;
[Editor’s note: Resolves 1.1.2 bis seems to be covered by Annex 1, proposed for deletion.]
1.1.3	for the implementation of resolves 1.1.1 above, the notifying administration for the GSO FSS network with which the above-mentioned earth stations communicate shall, follow the procedure in Annex 1 of this Resolution, together with the commitment, that the operation shall be in conformity with the Radio Regulations, including this Resolution;
1.1.4	upon receipt of the notification information referred to in resolves 1.1.3 above, the BR shall process the submission in accordance with Annex 1 of this Resolution; 
1.1.5	With respect to GSO satellite in adjacent bands …TBD..;
[Editor’s note: Address AP30B protection of allotments, assignments in the list and assignments in the MIFR as well as assignment being submitted under Articles 6&7, filing under Resolution 170 (WRC-19), include conditions in Annex 1 of this Resolution.]
[bookmark: _Hlk105147579]1.1.6	for the protection of non-GSO FSS systems operating in the frequency band 12.75‑13.25 GHz the A-ESIMs above-mentioned earth stations communicating with GSO FSS networks referred to above shall comply with the provisions contained in Annex 3 to this Resolution;
1.1.7 	the notifying administration of the GSO FSS network with which the above-mentioned earth stations communicate shall ensure that the operation of these earth stations complies with the coordination agreements for the frequency assignments of the earth station of this GSO FSS satellite network of APppendix 30B obtained under the relevant provisions of that Appendix; 
1.1.8	that the transmitting GSO space station communicating with A-ESIMs and M-ESIMs earth stations on board aircraft and vessels shall protect the adjacent EESS (passive) operations referred to in considering i) in accordance with No. 5.340;
1.1.9	that the Appendix 30B GSO FSS satellite network with which A-ESIMs and M-ESIMs communicate that transmits in the frequency bands 10.7-10.95 GHz and 11.2‑11.45 GHz shall operate under the levels that were coordinated and included in the List, and these Appendix 30B satellite transmissions will not change to accommodate A-ESIMs and M-ESIMs;
1.1.10	that the A-ESIMs and M-ESIMs receiving in the frequency bands 10.7-10.95 GHz and 11.2‑11.45 GHz of ESIMs shall operate in a manner as not to adversely affect the allotments in the Plan nor the assignments in the List;
1.2	with respect to the protection of terrestrial services to which the frequency band 12.75‑13.25 GHz is allocated and that operate in accordance with the Radio Regulations, A-ESIMs and M-ESIMs earth stations on aircraft and vessels shall comply with the following conditions:
1.2.1 	transmitting A-ESIMs and M-ESIMs earth stations on board aircraft and vessels in the frequency band 12.75‑13.25 GHz shall not cause unacceptable interference to terrestrial services to which this frequency band is allocated and that operate in accordance with the Radio Regulations, and Annex 2 to this Resolution shall apply;
1.2.2	receiving part of the above-mentioned earth stations in their associated frequency band shall not claim protection from terrestrial services to which this frequency band is allocated and that operate in accordance with the Radio Regulations;
1.2.4 	for the application of Part II of Annex 2 as referred to in resolves 1.2.1 above, the BR shall examine the characteristics of A-ESIM with respect to the conformity with the power flux-density (pfd) limits on the Earth’s surface specified in Part II of Annex 2 and publish the results of such examination in the BR IFIC;
1.2.3 	the provisions in this Resolution, including Annex 2, set the conditions for the purpose of protecting terrestrial services from unacceptable interference from A-ESIMs and M-ESIMs earth stations on aircraft and vessels operating in neighbouring countries in the frequency band 12.75-13.25 GHz; however, the requirement not to cause unacceptable interference to terrestrial services to which the frequency band is allocated and that operate in accordance with the Radio Regulations remains valid, irrespective of compliance with that Annex (see resolves 74);
1.2.4 	for the application of Part II of Annex 2 as referred to in resolves 1.2.1 above, the BR shall examine the characteristics of earth stations on board aircraft with respect to the conformity with the power flux-density (pfd) limits on the Earth’s surface specified in Part II of Annex 2 and publish the results of such examination in the BR IFIC;
1.2.5	in addition the use of pfd mask contained in Annex 2 of this resolution could beis considered as guidance to administration intending to authorize the operation of the above-mentioned earth station to determine whether or not the interference which may be caused to its terrestrial stations/assignments is acceptable;
1.2.6 	however, the compliance with the pfd mask mentioned above, does not release the notifying administration of the earth stations on aircraft satellite network with respect to discharging its responsibility that such earth station shall not cause unacceptable interference and any interrelated receiving part shall not claim protection from the terrestrial stations;
Question does 1.2.3 sufficiently cover 1.2.5 or 1.2.6

1.2.7 	the notifying administration for the GSO FSS network with which the A-ESIMs and M-ESIMsearth stations on aircraft and vessels will communicate with, taking into account the further resolves below, shall send to the BR together with submission of AP4 for the above-mentioned earth station a commitment undertaking that, upon receiving a report of interference, the notifying administration for the GSO FSS network with which the A-ESIMs and M-ESIMs earth stations on board aircraft and vessels communicate shall immediately eliminate that interference or reduce it to an acceptable level and follow the procedures in resolves 9 4;
1.2.8	that the date of application/implementation of this Resolution relating to earth station in board aircraft and vesselsis to be conditioned on the availability of the methodology with respect to the examination of the pfd limits in Part II of Annex 2 is described in Annex 4 referred to in recognizing p) above;,
1.3	with respect to the aeronautical radionavigation systems operating in the frequency band 13.25-13.4 GHz earth stations on aircraft and vessels communicating with GSO FSS networks shall not cause unacceptable interference to nor claim protection from ARNS operating in accordance with the Radio Regulations in the 13.25-13.40 GHz band;
2	for assignments of Appendix 30B recorded in the List only assignment entered in the List under § 6.17 can be used as supporting assignment by A-ESIMs and M-ESIMs earth stations on aircraft and vessels communicating with GSO networks in the FSS in the frequency band 12.75-13.25 GHz (Earth-to-space), if those assignments are recorded in the MIFR with favourable finding, except assignments recorded un paragraph 6.25 of Article 6 of the Appendix;
[Editor’s note: Above is covered in Annex 1, proposed for deletion.]
3	operation of A-ESIMs and M-ESIMs earth stations on aircraft and vessels communicating with GSO space stations in the FSS in the frequency band 12.75-13.25 GHz (Earth-to-space) shall be within the notified and coordinated service area of GSO FSS network with which the earth stations communicate;
4	for the implementation of resolves 3 above, the notifying administration of the A-ESIM and M-ESIM earth station on aircraft and vessels shall ensure that necessary arrangements and switching facilities are built in the above-mentioned earth stations to cease emissions once approaching the territory under the jurisdiction of those administrations which either are not within the notified and coordinated service area of the subject space station or have not authorized the operation over their territories;
5	that any course of action taken under this Resolution has no impact on the original date of receipt of the frequency assignments of the GSO FSS satellite network with which earth stations on aircraft and vessels communicate or on the coordination requirements of that satellite network;
6	that A-ESIMs and M-ESIMs earth stations on board aircraft and vessels shall not be used or relied upon for safety-of-life applications;
7	that the operation of A-ESIMs and M-ESIMs earth stations on board aircraft and vessels within territorial waters and/or airspace under the jurisdiction of an administration shall be carried out only if a licence according to No. 18.1 of the Radio Regulations of authorized by that administration is obtained;
8	that an administration authorizing the operation of gateway earth station facilities for A-ESIMs and M-ESIMs earth station on aircraft and vessels in their territories (air space and territorial waters) shall be within the service area of the subject satellite network and authorize the operation of the associated gateway earth station as needed associated to that gateway;
9	that in case of unacceptable interference caused by any type of A-ESIMs and M-ESIMs in the territory under jurisdiction of another administration is reportedearth stations on board aircraft and vessels:
9.1	the administration of the country in which the A-ESIMs and M-ESIMs are authorized assists to identify the notifying administration of the GSO FSS network with which the A-ESIMs and M-ESIMs communicate;
[bookmark: _Hlk65253745]9.21	that the notifying administration of the GSO FSS network, earth station on board aircraft and vessel assisted by the authorizing administration on the territory under the jurisdiction where the earth station operate, to the extent of ability of the latter administration, shall undertake an investigation on the matter and provide the required information on the operation of those earth stations;.
9.32 	the administration of the country in which the earth stations on aircraft and vessels is authorized and the notifying administration of the GSO FSS network with which the A-ESIMs and M-ESIMsearth stations on aircraft and vessels communicates shall, jointly or individually, as the case may be, and to the extent of the ability of the former administration, upon receipt of a report of interference, take required action to eliminate or reduce interference to an acceptable level;
9.4	if the aircraft /vessel is positioned in international airspace/waters at the moment the unacceptable interference occurred, the flag nation of the aircraft/vessel on board of which the ESIM is installed, shall provide the information required to identify the notifying administration of the GSO network;

10	that the administration responsible for the GSO FSS satellite supporting assignment with which A-ESIMs and M-ESIMs earth stations on aircraft and vessels communicate shall ensure that:
10.1 	for the operation of A-ESIMs and M-ESIMsearth stations on aircraft and vessels, techniques to maintain pointing accuracy with the associated GSO FSS satellite, without inadvertently tracking adjacent GSO satellites, are employed;
10.2 	all necessary measures shall beare taken so that A-ESIMs and M-ESIMs earth stations on aircraft and vessels are subject to permanent monitoring and control by a Network Control and Monitoring Centre (NCMC) or equivalent facility in order to comply with the provisions in this Resolution, and are capable of receiving and acting upon at least “enable transmission” and “disable transmission” commands from the NCMC or equivalent facility;
10.3 	measures, when required, are to be taken to cease transmission of the earth stations on board aircraft and vessels on the territory under the jurisdiction of the authorizing administration of the operation of the above-mentioned earth stations, including territorial waters and territorial airspace, 
[Editor’s note: PTB in June 2022 considered the document until here]
10.4 	a permanent point of contact shall be designated and provided by the notifying administration of the GSO FSS network above-mentioned earth stations for the purpose of tracing any suspected cases of unacceptable interference from earth stations on aircraft and vessels and to immediately respond to requests from the focal point of the authorizing administration;
11	that the application of this Resolution does not provide regulatory status to earth stations on board aircraft and vessels different from that derived from the GSO FSS network with which they communicate;
[Editor’s note: Resolves 11 seems to be covered by Annex 1, proposed for deletion.]
12	that, if BR is unable to examine, in accordance with resolves 1.2.4 above, the A-ESIMs with respect to conformity with the pfd limits on the Earth’s surface specified in Part II of Annex 2, the notifying administration shall send to BR a commitment that the A-ESIMs shall comply with those limits;
13	that BR shall formulate a qualified favourable finding with respect to the limits contained in Part II of Annex 2, if resolves 12 is applied successfully, otherwise it shall formulate an unfavourable finding,
[Editor’s note: Resolves 12 and 13 seem to be covered by methodology Annex 4, proposed for deletion.]
14	that, should an administrations authorizing the A-ESIMs earth stations on aircraft agree to pfd levels higher than the limits contained in Part II of Annex 2 within the territory under its jurisdiction, such agreement shall in no way affect other countries that are not party to that agreement;
15	that administration intending to authorize the establishment and operation of the Gateway earth station shall recognize that it would be responsible for the full compliance with any and all obligation which directly and indirectly contained in the Radio Regulations or referenced to relating to the proper operation of that Gateway and in particular avoidance causing interference to space and terrestrial services of other administrations,
[Editor’s note: The Gateway operation(s) are not under the scope of this agenda item. Proposition to delete 15] 

resolves further 
1	that frequency assignments [in the 12.75 GHz to 13.25 GHz frequency band (for AI 1.15)] to ESIMs shall be notified by the notifying administration of the satellite network/system with which ESIM communicate;
21	that, the notifying administration of the satellite network /system shall ensure that ESIMs operate only in the territory under the jurisdiction of any administration/country from which an authorization has been obtained, taking into account recognizing further d) above. 
32	that for the implementation of resolves further 2) above, the notifying administration of the satellite network/system with which ESIMs communicate shall ensure that ESIMs are designed and operate so as to cease transmission over the territory of any administration/country from which authorization has not been obtained;
43	that for the implementation of resolves further 1) above, the notifying administration responsible for the operation of A-ESIMs and M-ESIMs aeronautical and maritime ESIMs shall also be responsible to observe and comply with all relevant regulatory and administrative provisions applicable to the operation of the above-mentioned ESIMs as included in this Resolution and those contained in the Radio Regulations;
54	that the authorization to an ESIM to operate in the territory under the jurisdiction of an administration shall in no way release the notifying administration of the satellite network/system with which ESIM communicate from the obligation to comply with the provisions included in this Resolution and those contained in the Radio Regulations,
instructs the Director of the Radiocommunication Bureau
1	to take all necessary actions to facilitate the implementation of this Resolution, together with providing any assistance for the resolution of interference, when required;
2	to report to future world radiocommunication conferences any difficulties or inconsistencies encountered in the implementation of this Resolution, including whether or not the responsibilities relating to the operation of earth stations on aircraft and vessels have been properly addressed;
3	to review, if necessary, once the methodology to examine the characteristics of earth stations on aircraft with respect to conformity with the pfd limits on the Earth’s surface specified in Part II of Annex 2 is available,
invites administrations
to collaborate for the implementation of this Resolution, in particular for resolving interference, if any,
instructs the Secretary-General
[1	to bring this Resolution to the attention of the Council with a view to address modification of Council Decision 482, as amended, on the implementation of cost recovery for satellite network filings to address any cost arising from potential implementation of Resolution 172 (WRC-19) as well as its updates at WRC-23 need to be carefully examined and decided upon;]
Editors Note: during discussion concerns were raised to the above provision and advice was given that any cost implications associated with implemented of this Resolution will be determined by Committee 3 of the WRC-23; that cost recovery concerns should be raised to Council after WRC-23 and that the BR will be relied on to provide cost estimates on implementation of the Resolution and if the cost would be a one-time cost of a recurring cost.  This will be further discussed at the next WP 4A meeting.
2	to bring this Resolution to the attention of the Secretary-General of the International Maritime Organization and of the Secretary General of the International Civil Aviation Organization.


ANNEX 1 TO draft new RESOLUTION [A115] (WRC-23)
Part I
 Procedure to be followed by the administrations and the Bureau for submission of the earth stations on board aircraft and vessels operating in the frequency band 12.75-13.25 GHz and for the protection of allotments in the Plan, assignments in Appendix 30B List and those submitted under Articles 6 and 7 of Appendix 30B as well as under Resolution 170 (WRC-19)
Section A – Procedure for entering assignments to earth stations on board aircraft and vessels in the Appendix 30B ESIM List[footnoteRef:2] [2: 	The List of assignments for Earth Station In Motion (ESIM) in the frequency band 12.75-13.25 GHz in Appendix 30B.] 

1	When an administration or one acting on behalf of a group of named administrations intends to use one or more Appendix 30B assignments already included in the List in support of the operation of earth stations on board aircraft and vessels in the frequency band 12.75-13.25 GHz, it shall send to the Bureau, not earlier than [8 years] but preferably not later than [2 years] before the operation of earth stations on board aircraft and vessels, the information specified in Appendix 4[footnoteRef:3]. An assignment in the AP30B ESIM List shall lapse if it is not brought into use within [8 years] after the date of receipt by the Bureau of the relevant complete information specified above. A proposed assignment not included in the AP30B ESIM List within [8 years] after the date of receipt by the Bureau of the relevant complete information shall also lapse. [3: 	Submissions may include only the frequency band 12.75-13.0 GHz or 13.0-13.25 GHz.] 

1bis	 If the information received by the Bureau under § 1 is found to be incomplete, the Bureau shall immediately seek any clarification required and information not provided from the administration concerned.
2	Upon receipt of a complete notice under § 1, the Bureau shall examine it with respect to its conformity with:
a)	the Table of Frequency Allocations and the other provisions[footnoteRef:4] of the Radio Regulations, except those provisions relating to conformity with the fixed-satellite service Plan and the coordination procedures; [4: 	The “other provisions” shall be identified and included in the Rules of Procedure.] 

b)	Annex 3 to Appendix 30B;
c)	the on-axis e.i.r.p. density and off-axis e.i.r.p. density of the supporting Appendix 30B assignment(s);
d)	the service area of the supporting Appendix 30B assignment(s) in respect of explicit agreements of those administrations whose territories are included in the service area;
e)	frequency band of the supporting Appendix 30B assignment(s) in the List in the frequency band 12.75-13.25 GHz.
3	When the examination with respect to § 2 leads to an unfavourable finding, the relevant part of the notice shall be returned to the notifying administration with an indication of the appropriate action.
4	When the examination with respect to § 2 leads to a favourable finding, the Bureau shall use the method of Annex 4 to Appendix 30B to determine administrations whose:
a)	allotments in the Plan; or
b)	assignments which appear in the List; or
c)	assignments which the Bureau has previously examined under paragraph 6.5 of Article 6 of Appendix 30B after receiving complete information in accordance with § 6.1 of that Article,
 are considered as being affected and receiving more interference than that produced by the supporting Appendix 30B assignment(s).
5	The Bureau shall publish, in a Special Section of its International Frequency Information Circular (BR IFIC), the complete information received under § 1, together with the names of the affected administrations, the corresponding allotments in the Plan, assignments in the List and assignments for which the Bureau has previously received complete information in accordance with § 6.1 of Article 6 of Appendix 30B and which it has examined under § 6.5 of that Article.
5bis	The Bureau shall immediately inform the administration proposing the assignment, drawing its attention to the information contained in the relevant BR IFIC and the requirement to seek and obtain the agreement of those affected administrations.
6	The Bureau shall also inform each administration listed in the Special Section of the BR IFIC published under § 5, drawing its attention to the information it contains.
7	An administration that has not notified its comments either to the administration seeking agreement or to the Bureau within a period of four months following the date of the BR IFIC referred to in § 5 shall be deemed to have not agreed to the proposed assignment in respect of its allotment in the Plan, conversion of an allotment into an assignment for national coverage, Article 7 request transferred to Article 6, submission in accordance with Resolution 170 (WRC-19), according to the case for which absence of reply/comments shall construe their disagreement to the request for coordination. This time-limit shall be extended for an administration that has requested the assistance of the Bureau by up to thirty days following the date on which the Bureau communicated the result of its action. In respect of its frequency assignments under Article 6 of Appendix 30B other than those mentioned above, the same course of action outlined in § 6.10 of that Article shall apply.
8	Unless coordination is no longer required, the administration responsible for the notice published under § 5 shall seek and obtain the explicit agreement of the relevant affected administrations contained in the Special Section published under § 5 in respect of allotment in the Plan, conversion of an allotment into an assignment for national coverage, Article 7 request transferred to Article 6, submission in accordance with Resolution 170 (WRC-19), as appropriate. In this specific case of explicit agreement, any request for assistance of the Bureau shall not change it to implicit/tacit agreement.
9	If agreements have been reached in accordance with § 7 and § 8 with administrations published under § 5, the administration responsible for the notice published under § 5 may request the Bureau to have the assignment entered into the AP30B ESIM List, indicating the final characteristics of the notice[footnoteRef:5] together with the names of the administrations with which agreement has been reached. [5: 	Submissions may include only the frequency band 12.75-13.0 GHz or 13.0-13.25 GHz.] 

9 bis	In submitting such information, noting the requirement of § 1 of Section B, the administration may also request the Bureau to examine the submission in respect of notification under Section B.
9 ter	 If the information received by the Bureau under § 9 and § 9bis is found to be incomplete, the Bureau shall immediately seek any clarification required and information not provided from the administration concerned. The Bureau may also provide additional information in order to assist the notifying administration in complying with requirements under § 10, § 12 and § 13.
10	Upon receipt of a complete notice under § 9, the Bureau shall examine each assignment in the notice with respect to its conformity with:
a)	the Table of Frequency Allocations and the other provisions[footnoteRef:6] of the Radio Regulations, except those provisions relating to conformity with the fixed-satellite service Plan and the procedures for obtaining coordination; and [6: 	The “other provisions” shall be identified and included in the Rules of Procedure.] 

b)	Annex 3 to Appendix 30B, and
c)	the service area published under § 5; and
d)	the on-axis e.i.r.p density and off-axis e.i.r.p density of the assignments published under § 5
e)	frequency band of the assignments published under § 5.
11	When the examination with respect to § 10 of an assignment received under § 9 leads to an unfavourable finding, the notice shall be returned to the notifying administration with an indication that subsequent resubmission under § 9 will be considered with a new date of receipt.
12	When the examination with respect to § 10 of an assignment received under § 9 leads to a favourable finding, the Bureau shall use the method of Annex 4 to examine if there is any administration and the corresponding:
a)	allotment in the Plan;
b)	assignment which appears in the List at the date of receipt of the examined notice
	submitted under § 1;
c)	assignments which the Bureau has previously examined under paragraph 6.5 of Article 6 of Appendix 30B after receiving complete information in accordance with § 6.1 of that Article at the date of receipt of the examined notice submitted under § 1[footnoteRef:7]; [7: 	Similar course of action as prescribed in footnote 7bis of 6.21 of Article 6 of Appendix 30B applies.] 

considered as being affected and receiving more interference than that produced by the supporting Appendix 30B assignment(s) and whose agreement has not been provided under § 9.
13	The Bureau shall determine if the cumulative interference is caused to an allotment in the Plan or an assignment in the List or an assignment for which the Bureau has received complete information in accordance with Article 6 of Appendix 30B before the date of receipt of the complete notice under § 9. The cumulative interference shall be calculated based on Appendix 1 to Annex 4 of Appendix 30B taking into account assignments in the AP30B ESIM List together with assignments submitted under § 9. The cumulative interference is considered as being caused when the overall aggregate (C/I)aggregate value is less than that resulting from the supporting Appendix 30B assignment(s) with a tolerance of 0.25 dB (inclusive of the 0.05 dB computational precision) except for an allotment in the Plan, an assignment stemming from the conversion of an allotment into an assignment without modification, or when the modification is within the envelope characteristics of the initial allotment as well as assignments relating to application of Article 7 of Appendix 30B for which 0.05 dB computational precision is applicable.
14	In the event of a favourable finding under § 12 and § 13, the Bureau shall enter the proposed assignment in the AP30B ESIM List and publish in a Special Section of its BR IFIC the characteristics of the assignment received under § 9, together with the names of administrations with which the provisions of this procedure have been successfully applied.
15	When the examination under § 12 or § 13 leads to an unfavourable finding with respect to allotments in the Plan, conversion of an allotment into an assignment for national coverage, Article 7 request transferred to Article 6 or submission in accordance with Resolution 170 (WRC‑19), the Bureau shall return the notice to the notifying administration. In this case, the notifying administration undertakes not to bring into use the frequency assignments until the finding with respect to allotments in the Plan, conversion of an allotment into an assignment for national coverage, Article 7 request transferred to Article 6 or submission in accordance with Resolution 170 (WRC‑19) is favourable. The Bureau in returning the notice to the notifying administration shall indicate that the subsequent resubmission under § 9 will be considered with a new date of receipt.
15 bis	When the examination under § 12 or § 13 leads to a favourable finding with respect to allotments in the Plan, conversion of an allotment into an assignment for national coverage, Article 7 request transferred to Article 6, submission in accordance with Resolution 170 (WRC-19) but an unfavourable finding with respect to others and if the notifying administration insists that the proposed assignment be included in the AP30B ESIM List, the Bureau shall enter the assignment provisionally in the AP30B ESIM List with an indication of those administrations whose assignments were the basis of the unfavourable finding. To this effect, the notifying administration shall include a signed commitment, indicating that use of an assignment provisionally recorded in the AP30B ESIM List shall not cause unacceptable interference to, nor claim protection from, those assignments for which agreement still needs to be obtained. The entry in the AP30B ESIM List shall be changed from provisional to definitive only if the Bureau is informed that all required agreements have been obtained.
15 ter	Should the assignments that were the basis of the unfavourable finding not be brought into use within the period specified in § 6.1 of Article 6 of Appendix 30B or within the extension period under § 6.31 bis Article 6 of Appendix 30B, then the status of the assignment in the AP30B ESIM List shall be reviewed accordingly.
16	Should unacceptable interference be caused by an assignment entered in the AP30B ESIM List under § 15 bis to any assignment in the List which was the basis of the disagreement, the notifying administration of the assignment entered in the AP30B ESIM List under § 15 bis shall, upon receipt of advice thereof, immediately eliminate this unacceptable interference.
17	For the examinations referred to in Part I and Part II, the Bureau shall generate a set of uplink grid points inside the service area of the relevant assignments to earth stations on board aircraft and vessels, assuming that earth stations on aircraft and vessels are located at these uplink grid points.
Section B – Procedure for notification and recording in the Master Register of assignments to earth stations on board aircraft and vessels dealt with under this Resolution
1	Any assignment for which the relevant procedure of Section A and Part II of this Annex has been successfully applied shall be notified to the Bureau using the relevant characteristics listed in Appendix 4, not earlier than [three years] before the assignments are brought into use.
2	If the first notice referred to in § 1 has not been received by the Bureau within the required period mentioned in § 1 of Section A, the assignments in the AP30B ESIM List shall be cancelled by the Bureau after having informed the administration at least three months before the expiry of this period.
3	Notices not containing those characteristics specified in Appendix 4 as mandatory or required shall be returned with comments to help the notifying administration to complete and resubmit them unless the information not provided is immediately forthcoming in response to an inquiry by the Bureau.
4	Complete notices shall be marked by the Bureau with their date of receipt and shall be examined in the date order of their receipt. Following receipt of a complete notice the Bureau shall, as soon as possible after the date of entry of the corresponding assignment into the AP30B ESIM List, or within not more than two months if the corresponding assignment has already been entered into the AP30B ESIM List, publish its contents, with any diagrams and maps and the date of receipt, in the BR IFIC, which shall constitute the acknowledgement to the notifying administration of receipt of its notice. When the Bureau is not in a position to comply with the time-limit referred to above, it shall periodically so inform the administrations, giving the reasons thereof.
5	The Bureau shall not postpone the formulation of a finding on a complete notice unless it lacks sufficient data to reach a conclusion thereon.
6	Each notice shall be examined:
6.1	a)	with respect to its conformity with the Table of Frequency Allocations and the other provisions[footnoteRef:8] of these Regulations, except those provisions relating to conformity with the fixed-satellite service Plan and the procedures for obtaining coordination, which are the subject of the following subparagraph; [8: 	The “other provisions” shall be identified and included in the Rules of Procedure.] 

6.2	b)	with respect to its conformity with the fixed-satellite service Plan, the procedures for obtaining coordination and the associated provisions[footnoteRef:9]. [9: 	When an administration notifies any assignment with characteristics different from those entered in the AP30B ESIM List through successful application of the relevant procedure of Section A and Part II of this Annex, the Bureau shall undertake calculation to determine if the proposed new characteristics increase the interference level caused to other allotments in the Plan, assignments in the List, an assignment for which the Bureau has received complete information in accordance with § 6.1 of Article 6 of Appendix 30B before the date of receipt of this notification, assignments in the  AP30B ESIM List  and an assignment for which the Bureau has received complete information in accordance with § 1 of Section A before the date of receipt of this notification . The increase of the interference due to characteristics different from those entered in the AP30B ESIM List will be checked by comparing the C/I ratios of these other allotments and assignments, which result from the use of the proposed new characteristics of the subject assignment on the one hand, and those obtained with the characteristics of the subject assignment in the AP30B ESIM List, on the other hand. This C/I calculation is performed under the same technical assumptions and conditions.] 

7	When the examination with respect to § 6.1 leads to a favourable finding, the assignment shall be examined further with respect to § 6.2; otherwise the notice shall be returned with an indication of the appropriate action.
8	When the examination with respect to § 6.2 leads to a favourable finding, the assignment shall be recorded in the Master Register. When the finding is unfavourable, the notice shall be returned to the notifying administration, with an indication of the appropriate action.
9	In every case when a new assignment is recorded in the Master Register it shall, in accordance with the provisions of this Resolution, include an indication of the finding reflecting the status of the assignment. This information shall also be published in the BR IFIC.
10	A notice of a change in the characteristics of an assignment already recorded, as specified in Appendix 4, shall be examined by the Bureau under § 6.1 and § 6.2, as appropriate. Any changes to the characteristics of an assignment that has been recorded and confirmed as having been brought into use shall be brought into use within [eight years] from the date of the notification of the modification. Any changes to the characteristics of an assignment that has been recorded but not yet brought into use shall be brought into use within the period provided for in § 1 of Section A.
11	In applying the provisions of this Article, any resubmitted notice which is received by the Bureau more than six months after the date on which the original notice was returned by the Bureau shall be considered to be a new notice.
12	All frequency assignments notified in advance of their being brought into use shall be entered provisionally in the Master Register. Any frequency assignment provisionally recorded under this provision shall be brought into use no later than the end of the period provided for in § 1 of Section A. Unless the Bureau has been informed by the notifying administration of the bringing into use of the assignment, it shall, no later than 15 days before the end of the regulatory period established under § 1 of Section A, send a reminder requesting confirmation that the assignment has been brought into use within the regulatory period. If the Bureau does not receive that confirmation within 30 days following the period provided under § 1 of Section A, it shall cancel the entry in the Master Register and the corresponding assignment in the AP30B ESIM List.
13	When the Bureau has received confirmation that the assignment in the AP30B ESIM List has been brought into use, the Bureau shall make that information available on the ITU website as soon as possible and shall publish it in the BR IFIC.
14	Wherever the use of a frequency assignment in the AP30B ESIM List is suspended for a period exceeding six months, the notifying administration shall inform the Bureau of the date on which such use was suspended. When that assignment is brought back into use, the notifying administration shall so inform the Bureau, as soon as possible. On receipt of the information sent under this provision, the Bureau shall make that information available on the ITU website as soon as possible and shall publish it in the BR IFIC. The date on which the assignment is brought back into use shall be no later than three years from the date on which the use of the frequency assignment was suspended, provided that the notifying administration informs the Bureau of the suspension within six months from the date on which the use was suspended. If the notifying administration informs the Bureau of the suspension more than six months after the date on which the use of the frequency assignment was suspended, this three-year time period shall be reduced. In this case, the amount by which the three-year period shall be reduced shall be equal to the amount of time that has elapsed between the end of the six-month period and the date that the Bureau is informed of the suspension. If the notifying administration informs the Bureau of the suspension more than 21 months after the date on which the use of the frequency assignment was suspended, the frequency assignment shall be cancelled from the Master Register and the AP30B ESIM List.
15	If the supporting Appendix 30B assignment(s) is cancelled from the List, the corresponding ESIM assignment shall also be cancelled from the AP30B ESIM List and the Master Register, as appropriate.


Part II
Procedure to be followed by the administrations and the Bureau for examination and protection of one ESIM with respect to the other ESIMs 
1	In the publication of the Special Section referred to in § 5 of Section A, the Bureau shall also include the names of the affected administrations, the corresponding assignments in the AP30B ESIM List and assignments for which the Bureau has previously received complete information in accordance with § 1 of Section A and which it has examined under § 4 of Section A, as appropriate.
2	In determining administrations whose assignments in the AP30B ESIM List or assignments for which the Bureau has previously received complete information in accordance with § 1 of Section A and which it has examined under § 4 of Section A are considered as being affected, the Bureau shall apply the principle of Annex 4 to Appendix 30B and the following criteria:
a)	orbital spacing as specified in paragraph 1.2 of Annex 4;
b)	Earth-to-space single-entry carrier-to-interference as specified in paragraph 2.1 of Annex 4 or Earth-to-space single-entry carrier-to-interference (C/I) derived from the supporting Appendix 30B assignment(s), whichever is the lowest;
c)	the Earth-to-space power-flux density as specified in paragraph 2.2 of Annex 4.
3	An administration that has not notified its comments either to the administration seeking agreement or to the Bureau within a period of four months following the date of the BR IFIC referred to in § 5 of Section A shall be deemed to have agreed to the proposed assignment. This time-limit shall be extended for an administration that has requested the assistance of the Bureau by up to thirty days following the date on which the Bureau communicated the result of its action.
4	Unless coordination is no longer required taking into account the final characteristics of the notice in § 9 of Section A, should harmful interference be caused by an assignment included in AP30B ESIM List to any assignment in AP30B ESIM List identified in § 1 for which agreement has not been obtained, the notifying administration shall, upon receipt of advice thereof, immediately eliminate this harmful interference.


ANNEX 2 TO draft new RESOLUTION [A115] (WRC-23)
Provisions for earth stations on aircraft and vessels to protect terrestrial services in the frequency band 12.75-13.25 GHz
1	The parts below contain provisions to ensure that earth stations on aircraft and vessels do not cause unacceptable interference in neighbouring countries to terrestrial service operations when earth stations on aircraft and vessels operate in frequencies overlapping with those used by terrestrial services at any time to which the frequency band 12.75-13.25 GHz is allocated and operating in accordance with the Radio Regulations (see also resolves 3 of this Resolution).
Part I
Earth stations on vessels
2	The notifying administration of the GSO FSS network with which earth station on vessels communicates shall ensure compliance of the earth station on vessels operating within the frequency band 12.75-13.25 GHz, or parts thereof, with both of the following conditions for the protection of terrestrial services to which the frequency band is allocated within a coastal State:
2.1	The minimum distance from the low-water mark as officially recognized by the coastal State beyond which earth station on vessels can operate without the prior agreement of any administration is [xxx] km in the frequency band 12.75-13.25 GHz. Any transmissions from earth station on vessels within the minimum distance shall be subject to the prior agreement of the coastal State concerned.
2.2	The maximum earth station on vessel e.i.r.p. spectral density towards the horizon shall be limited to [12.5 dB(W/MHz)]. Transmissions from earth station on vessels with higher e.i.r.p. spectral density levels towards the territory of any coastal State shall be subject to the prior agreement of the coastal State concerned.
Part II
Earth stations on aircraft 
3	The notifying administration of the GSO FSS satellite network with which an earth station on aircraft communicates shall ensure compliance of the earth station on aircraft operating within the frequency band 12.75-13.25 GHz, or parts thereof, with all of the following conditions for the protection of terrestrial services to which the frequency band is allocated:
3.1	When within line-of-sight of the territory of an administration the maximum pfd produced at the surface of the Earth on the territory of an administration by emissions from a single earth station on aircraft shall not exceed:


PFD MASK
The maximum pfd produced at the surface of the Earth on the territory of an administration by emissions from a single earth station on aircraft shall not exceed
–123.5 dB(W/(m2 · MHz)) 		for   θ ≤ 5°
–128.5 + θ dB(W/(m2 · MHz)) 	for   5 < θ ≤ 40°
–88.5 dB(W/(m2 · MHz)) 		for 40 < θ ≤ 90°
where θ is the angle of arrival of the radio-frequency wave (degrees above the horizon).
[Editor’s Note: Studies have shown that the above mask is sufficient to protect terrestrial services for altitudes up to and including 10 km.  For altitudes above 10 km, one study showed compliance with the protection criteria while another study showed a slight exceedance and considered an additional attenuation factor of 6dB to this pfd mask for earth stations on aircraft at altitudes between 10-12km. Further discussions on the details of these studies are needed.]
Option 2
-152.1654 + 52.2324·θ2 dB(W/(m2 · 1MHz)) 	for 0° ≤ θ < 0.5620°
-135.6654 dB(W/(m2 · 1MHz)) 			for 0.5620° ≤ θ < 0.8017°
-133.2654 +25 log10(θ) dB(W/(m2 · 1MHz)) 	for 0.8017°≤ θ < 48°
-91.2654 dB(W/(m2 · 1MHz)) 			for 48° ≤ θ ≤ 90°
where,  is the angle of arrival of the radio-frequency wave (degrees above the horizon).
Reason: The PFD mask of Option 2 is developed based on the above FS system characteristics provided by ITU-R WP 5C and antenna pattern of Recommendation ITU-R F.699.
[Editor’s Note: The above mask was developed by using a static methodology to protect the FS based on a I/N value of -10 dB not to be exceeded and only considering a single fixed station antenna characteristics. Studies have not demonstrated that the implementation of this A-ESIM pfd mask would ensure that the FS long term and short-term protection criteria are met for the different FS station characteristics provided by WP5C]


ANNEX 3 TO draft new RESOLUTION [A115] (WRC-23)
Provisions for A-ESIMs earth stations on aircraft and vessels to protect NGSO FSS in the frequency band 12.75-13.25 GHz
1	In order to protect the non-GSO FSS systems referred to in resolves 1.1.7 of this Resolution in the frequency band 12.75-13.25 GHz, aeronautical ESIMs shall comply with the following provisions:
OPTION A
a)	the on-axis e.i.r.p. density emitted by an aeronautical A-ESIM in a GSO network in the frequency band 12.75-13.25 GHz shall not exceed 63 dB(W/20 MHz)
b)	the level of e.i.r.p. density emitted by an aeronautical A-ESIM in a GSO network in the frequency band 12.75-13.25 GHz shall not exceed the following values for any off-axis angle  which is 3° or more off the main-lobe axis of an ESIM antenna and outside 3° of the GSO arc:
	Off-axis angle
	Maximum e.i.r.p. density

	3				31.6
	37 − 25 log
	dB(W/40 kHz)

	 31.6			 180
	-0.5
	dB(W/40 kHz)



OPTION B

a)	the on-axis e.i.r.p. density emitted by an A-ESIM in a GSO network in the frequency band 12.75-13.25 GHz shall not exceed 32 dB(W/40 kHz)
b)	the level of e.i.r.p. density emitted by an A-ESIM in a GSO network in the frequency band 12.75-13.25 GHz shall not exceed the following values for any off-axis angle  which is 3° or more off the main-lobe axis of an A-ESIM antenna and outside 3° of the GSO arc:
	Off-axis angle
	Maximum e.i.r.p. density

	 3				7
	28 − 25 log
	dB(W/40 kHz)

	 7				9.2
	7
	dB(W/40 kHz)

	 9.2				25
	31 − 25 log
	dB(W/40 kHz)

	25				180
	−4
	dB(W/40 kHz)





Annex 4 to draft new Resolution [A115] (WRC-23)
Methodology with respect to the examination of the pfd limits in Part II of Annex 2referred to in resolves 1.2.8 
1	Overview of the methodology 
This methodology determines the off-axis EIRP spectral density (“EIRPC”) towards the ground for an aeronautical Earth Station in Motion (A-ESIM) transmitter communicating with a GSO FSS satellite that would ensure compliance with a set of pre-established Power Flux-Density (pfd) limits defined on the Earth surface. 
The methodology then compares the computed EIRPC with a metric introduced here and named Reference off-axis EIRP towards the ground (“EIRPR”) of the A-ESIM.  For each emission in each group of a GSO satellite network, EIRPR can be calculated by using the Appendix 4 data for that network as well as other input parameters that shall be provided by the notifying administration for that network.  
Specifically, for each emission of the GSO satellite network associated with an ”UO” class of station, the EIRPR is the algebraic summation (in logarithmic terms) of the Maximum Power at the antenna flange (element C.8.a.1 of Appendix 4), the peak gain of the A-ESIM antenna (element C.10.d.3 of Appendix 4), the maximum achievable off-axis gain isolation towards the ground of the A-ESIM antenna in the service area of the GSO network under examination and a parameter that would compensate for any difference between the emission bandwidth and the reference bandwidth of the pre-established set of pfd limits.  
The operations of A-ESIM shall be evaluated over multiple predefined altitude ranges in order to establish as many EIRPC levels for comparison with EIRPR.  
This comparison is at the basis of the methodology and examination that are described more in detail in the following section.
2	Parameters and geometry 
Figure A.2.1 provides a description of the geometry considered under this methodology. The figure shows an A-ESIM flying at two different altitudes and also some of the parameters used for the calculation. The model is agnostic to GSO ESIM geographical locations on Earth and assumes a spherical Earth model with a fixed radius for the calculation. 
Figure a.2.1
Geometry for the examination of compliance for two different ESIM altitudes
[image: Diagram

Description automatically generated]
All the parameters required by the Bureau to carry out the examination process are listed and briefly described in Table A.2.1. Additional considerations are further elaborated in section 3. 
Table a.2.1
Relevant parameters for pfd compliance examination
	Parameter 
	Symbol
	Type of parameter
	Observation

	Aeronautical GSO ESIM altitude
	H
	Established by the methodology as Hmin=[0.02] km, Hmax=[15] km, Hstep=[1] km
	The altitudes at which the examination is carried out range from Hmin to Hmax at Hstep intervals. 

	Angle of arrival of the incident wave on the Earth’s surface 
	
	Specified by the pre-established set(s) of pfd limits, variable from 0° to 90°
	pre-established set(s) of pfd should cover incident angles from 0° to 90° 

	Angle below the horizontal plane of the ESIM corresponding to the angle of arrival  under examination
	
	Calculated from the geometry  
	This angle is calculated considering the GSO ESIM altitude Hj examined and angle of arrival  under examination (see Fig. A.2.1)

	Distance between the ESIM and the point on the ground under examination
	D
	Calculated from the geometry
	This distance is a function of the A-ESIM altitude and the angles  and  

	Frequency 
	f
	Established by the methodology
	To evaluate the propagation loss either at the central frequency or at the upper and lower limits of the frequency range

	Atmospheric loss
	Latm
	Calculated and established by the methodology
	[bookmark: _Hlk98344823]Based on Recommendation ITU-R P.676 

	Polarization loss
	LPol
	Determined depending on the pfd limits and the system characteristics
	Possible polarization loss between the polarisation of A-ESIM antenna and the one used by terrestrial services that needs to be taken into consideration in this methodology 

	[bookmark: _Hlk98344843]Fuselage attenuation
	Lf
	[bookmark: _Hlk98344861]Report ITU-R M.2221 or other model supported by ITU-R studies (e.g. Reports and/or Recommendations)
	The attenuation depends on the angle () below the horizontal plane of the GSO ESIM. The value(s) could come from ITU-R studies (e.g. Reports and/or Recommendations) based on:
Measurements 
Simulations 
 

	[bookmark: _Hlk98344880]A-ESIM antenna peak gain and off-axis gain pattern
	Gmax, G(θ)
	[bookmark: _Hlk98344901]Taken from the Appendix 4 data (elements C.10.d.3 and C.10.d.5.a.1, respectively) of the GSO network under examination
	The A-ESIM antenna gain is used to compute EIRPR 

	Emission bandwidth 
	BWEmission
	Taken from the Appendix 4 data (as part of element C.7.a) of the GSO network under examination
	These two bandwidths shall be compared and a correcting factor needs to be included in the computation of EIRPR in case BWEmission < BWRef

	Reference bandwidth
	BWRef
	Taken from the set(s) of pre-established pfd limits
	

	Effective isotropic radiated power required for compliance with the pfd limits in a reference bandwidth 
	EIRPC
	EIRPC is the result of the calculation; it depends on the ESIM altitude and the angle of arrival () of the incident wave on the Earth’s surface 
	For each of the altitudes Hj, the EIRP for compliance is calculated for the different incident angles () considered to cover all the range of the pfd limits to be established by WRC-23. This leads to a number of values of EIRPC associated to a given altitude Hj; for each altitude Hj, the lowest EIRP value is the one to be retained and compared with EIRPR (see section 3) 

	A set of pre-established pfd limits on the Earth’s surface
	pfd()
	A possible outcome of the studies carried out under WRC-23 AI 1.15
	The pfd limits, expressed in dB(W/m2/BWref), are a function of the angle of arrival 



3	Calculation procedure 
This section includes a step-to-step description of how the examination methodology would be implemented for a given group associated to the class of earth station “UO”.  
START
i)	For each of the emissions included in the Group under consideration, compute the Reference EIRP (EIRPR, dB(W)) as:
			(1)
where:
	Gmax 	is the A-ESIM antenna peak gain in dBi;
	GIsol_Max 	is the maximum achievable gain isolation of the A-ESIM antenna towards the ground in dB, taking into account the pointing of the A-ESIM towards the GSO satellite within the GSO network service area; 
	Pmax 	is the maximum power density at the A-ESIM antenna flange in dB(W/Hz).
		BW in Hz is:
			BWRef if BWemission > BWRef
			BWemission if BWemission < BWRef
ii.	For each aircraft altitude, it is necessary to generate as many  angles (angle of arrival of the incident wave) as required in order to test the full compliance with the set(s) of pre-established pfd limits.  The N angles  must be comprised between 0° and 90° and have a resolution compatible with the granularity of the pre-established pfd limits.  Each of the angles  will correspond to as many N points on the ground.
iii.	For each altitude Hj= Hmin, Hmin + Hstep, …, Hmax, compute EIRPC_j using the following algorithm:
a.	Set the altitude of the A_ESIM to Hj
b.	Compute the angle below the horizon γj,n as seen from the A-ESIM for each of the N angles  generated in ii. using the following equation:
			(2)
where  is the mean earth radius.
c.	Compute the distance Dj,n, in km, for n= 1, …, N between the A-ESIM and the tested point on the ground:
			(3)
d.	Compute the fuselage attenuation Lf j,n (dB) applicable to each of the angles  computed in b. above
e.	Compute the atmospheric loss Latm_j,n (dB) applicable to each of the distances  computed in c. above
f.	Compute the EIRPC_j,n (dB(W/BWRef)), that is the maximum EIRP that can be radiated in the pfd mask’s reference bandwidth by the A-ESIM towards each of the N points to be compliant with the set(s) of pre-established pfd limits, as per the following equation:
		(4)
g.	Compute the minimum EIRPC_j across all values calculated at the previous step, EIRPC_j = Min (EIRPC_j,n (δn, γn)).  The output of this last step is the maximum EIRPC that can be radiated by the A-ESIM to ensure it complies with the set(s) of pre-established pfd limits with respect to all angles  at the altitude Hj.  There will be one EIRPC_j for each of the Hj altitudes considered.
iv.	For each of the emissions, check whether there is at least one j for which EIRPC_j > EIRPR.  If there is at least one emission among those included in the Group under examination which passes the test detailed in iv. above, the results of the Bureau’s examination for that Group is favorable, otherwise it is unfavorable. 
v.	The Bureau publishes:
	The finding (favorable or unfavorable) for each Group of emissions of the GSO network examined
4	Example application of the methodology
Table A.2.2 below describes the emissions included in one Group of a fictitious satellite network that are associated to the class of e/s “UO” transmitting in the 12.75-13.25 GHz. Three different type of emissions are included in the group to cover different performance objectives of the communication link.
Table a.2.2
Example A-ESIM emissions in the Group examined
	Emission n.
	C7a
Designation of emission
	C8a2/C8b2
Maximum Power Density
dB(W/Hz)
	C8c3
Minimum Power Density
(not used in methodology)
dB(W/Hz)
	C8e1
C/N objective
(total – clear sky)
(not used in methodology)
dB

	1
	6MD7W--
	-70
	-80
	-5.0

	2
	6MD7W--
	-65
	-75
	0.0

	3
	6MD7W--
	-60
	-70
	5.0



Table A.2.3 below includes additional assumptions needed for the application of the methodology described in Section 3.
Table a.2.3
Additional assumptions
	Parameter
	Notation
	Value
	Unit

	Test frequency
	F
	13.25
	GHz

	GSO orbital longitude
	GSO_lon
	13.0
	deg

	GSO service area latitude bounds
	-
	from 23.55 to 63.55
	deg

	GSO service area longitude bounds
	-
	from -9.72 to 30.28
	deg

	A-ESIM antenna peak gain
	Gmax
	32.7
	dBi

	Antenna gain pattern
	-
	 APEREC015V01 

	Polarisation loss
	LPol
	0.0
	dB

	Fuselage attenuation model
	Lf
	See Table A.2.6

	Atmospheric loss
	Latm
	 Recommendation ITU-R P.676

	Minimum examination altitude range
	Hmin
	0.02
	km

	Maximum examination altitude range
	Hmax
	15.0
	km

	Examination altitude range spacing
	Hstep
	1.0
	km


Table a.2.4
Fuselage attenuation model from ITU-R Report M.2221
	
	dB
	for
	0°≤ γ ≤ 10°

	
	dB
	for
	10°< γ ≤ 34°

	
	dB
	for
	34°< γ ≤ 50°

	
	dB
	for 
	50°< γ ≤ 90°


Table a.2.5
Tested pfd limits on the ground
The maximum pfd produced at the surface of the Earth on the territory of an administration by emissions from a single earth station on aircraft shall not exceed
	–123.5 dB(W/(m2 · MHz))	for   θ ≤ 5°
	–128.5 + θ dB(W/(m2 · MHz))	for   5 < θ ≤ 40°
	–88.5 dB(W/(m2 · MHz)) 	for   40 < θ ≤ 90°
where θ is the angle of arrival of the radio-frequency wave (degrees above the horizon).
The paragraphs below represent the step-by -step application of the calculation methodology described in Section 3.
START
i.	For each of the emissions listed in Table A.2.2, the Reference EIRP (EIRPR, dBW) is computed and the relevant results are included in Table A.2.6 below:
Table a.2.6
Computed values of EIRPR for the group under consideration
	Emission
	, dBi
	, dB
	, dB(W/Hz)
	BW, MHz
	, dBW

	1
	32.7
	35.2
	-70
	6.0
	-12.5

	2
	
	
	-65
	
	-7.5

	3
	
	
	-60
	
	-2.5



ii.	Generate  angles compatible with the pfd limits described in Table A.2.5:
 = 0°, 0.01°, 0.02°, …, 0.3°, 0.4°,…, 12.3°, 12.4°,…, 13°, 14°,…, 90°.
iii.	For each altitude Hj= Hmin, Hmin + Hstep, …, Hmax, compute EIRPC_j.  The output of this step is summarised in Tables A.2.7 below:
Table a.2.7
Computed EIRPC_j values (see embedded file for full results)
	j
	Hj
	EIRPC_j,n (δn, γn) dB(W/BWRef)
	EIRPC_j

	-
	(km)
	δ=0°
	δ=0.01°
	…
	δ=90°
	dB(W/BWRef)

	1
	0.02
	

	-40.62

	2
	1.00
	
	-26.84

	3
	2.00
	
	-20.77

	…
	…
	
	…

	16
	15.00
	
	-3.27
-


iv.	For each of the emissions, check whether there is at least one altitude for which EIRPC_j > EIRPR.  The result of this step is summarised in Table A.2.8 below
Table a.2.8
Comparison between EIRPC_j and EIRPR
	Emission 
	EIRPR
dB(W)
	smallest j for which EIRPC_j > EIRPR
	 EIRPC_j > EIRPR

	1
	-12.5
	5
	Yes

	2
	-7.5
	9
	Yes

	3
	-2.5
	None
	No



v.	Since there is at least one emission among those included in the Group under examination which passes the test detailed in iv. above, the results of the Bureau’s examination for this Group is favorable.
vi.	The Bureau publishes:
	The favorable finding for the Group of the GSO network examined
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		8		7		5.15		0.14		-3.30		-5.85		-7.84		-9.41		-9.70		-9.78		-9.70		-9.46		-9.00		-8.11		-7.07		-5.97		-4.82		-3.70		-2.46		-1.19		0.12		1.45		2.81		4.19		5.59		6.93		8.37		9.82		11.29		12.77		14.27		15.78		17.30		18.83		20.37		21.92		23.60		25.00		26.41		27.83		29.26		30.69		32.13		32.58		33.03		33.49		33.95		34.42		34.89		35.37		35.86		36.35		36.78		36.66		36.53		36.42		36.30		36.20		36.09		35.99		35.89		35.80		35.71		35.62		35.54		35.46		35.38		35.31		35.24		35.18		35.11		35.05		35.00		34.94		34.89		34.84		34.80		34.76		34.72		34.68		34.65		34.61		34.59		34.56		34.54		34.52		34.50		34.49		34.47		34.46		34.46		34.45		34.45		14.16		14.20		14.24		14.28		14.32		14.37		14.41		14.45		14.49		14.53		14.57		14.61		14.65		14.69		14.73		14.76		14.80		13.97		13.35		13.26		13.25		13.30		13.42		13.59		13.80		14.04		14.33		14.64		14.98		15.34		15.73		16.14		16.56		17.01		17.46		17.94		18.43		18.93		19.44		19.96		20.49		21.04		21.71		22.11		22.52		22.93		23.35		23.78		24.22		24.66		25.11		25.56		26.02		26.49		26.96		27.44		27.92		28.41		28.87		28.74		28.62		28.50		28.39		28.28		28.17		28.07		27.97		27.88		27.79		27.70		27.62		27.54		27.46		27.39		27.32		27.25		27.19		27.12		27.07		27.01		26.96		26.91		26.87		26.82		26.78		26.75		26.71		26.68		26.65		26.63		26.61		26.59		26.57		26.55		26.54		26.53		26.52		26.52		26.52		-9.78

		9		8		5.90		1.01		-2.28		-4.76		-6.73		-8.27		-8.57		-8.62		-8.53		-8.31		-7.85		-6.88		-5.91		-4.81		-3.66		-2.46		-1.30		-0.03		1.28		2.61		3.97		5.35		6.75		8.17		9.61		11.06		12.45		13.93		15.43		16.94		18.46		19.99		21.53		23.08		24.76		26.16		27.58		28.99		30.42		31.85		33.29		33.74		34.19		34.65		35.11		35.58		36.06		36.54		37.02		37.51		37.94		37.82		37.70		37.58		37.47		37.36		37.25		37.15		37.06		36.96		36.87		36.79		36.70		36.62		36.55		36.47		36.40		36.34		36.28		36.22		36.16		36.10		36.05		36.01		35.96		35.92		35.88		35.84		35.81		35.78		35.75		35.72		35.70		35.68		35.66		35.65		35.64		35.63		35.62		35.62		35.61		15.33		15.37		15.42		15.46		15.50		15.54		15.58		15.62		15.66		15.70		15.74		15.78		15.82		15.86		15.90		15.94		15.98		15.15		14.55		14.46		14.45		14.50		14.62		14.78		14.99		15.24		15.52		15.83		16.17		16.53		16.92		17.32		17.75		18.19		18.65		19.12		19.61		20.10		20.62		21.14		21.67		22.21		22.89		23.29		23.69		24.11		24.53		24.96		25.39		25.83		26.28		26.74		27.20		27.66		28.13		28.61		29.09		29.58		30.03		29.91		29.78		29.67		29.55		29.44		29.34		29.23		29.14		29.04		28.95		28.86		28.78		28.70		28.62		28.55		28.48		28.41		28.35		28.29		28.23		28.18		28.13		28.08		28.03		27.99		27.95		27.91		27.88		27.85		27.82		27.79		27.77		27.75		27.73		27.72		27.71		27.70		27.69		27.69		27.68		-8.62

		10		9		6.53		1.80		-1.41		-3.83		-5.76		-7.28		-7.56		-7.62		-7.50		-7.28		-6.83		-5.86		-4.82		-3.79		-2.64		-1.44		-0.20		1.07		2.30		3.63		4.99		6.37		7.77		9.19		10.63		12.09		13.56		15.04		16.53		17.96		19.48		21.01		22.55		24.10		25.79		27.19		28.60		30.02		31.44		32.88		34.32		34.76		35.22		35.67		36.14		36.61		37.08		37.56		38.05		38.54		38.97		38.84		38.72		38.61		38.49		38.38		38.28		38.18		38.08		37.99		37.90		37.81		37.73		37.65		37.57		37.50		37.43		37.36		37.30		37.24		37.18		37.13		37.08		37.03		36.98		36.94		36.90		36.87		36.83		36.80		36.77		36.75		36.73		36.71		36.69		36.67		36.66		36.65		36.64		36.64		36.64		16.36		16.40		16.44		16.48		16.53		16.57		16.61		16.65		16.69		16.73		16.77		16.81		16.85		16.89		16.93		16.97		17.01		16.18		15.62		15.52		15.50		15.56		15.67		15.83		16.04		16.29		16.57		16.88		17.21		17.58		17.96		18.37		18.79		19.23		19.69		20.16		20.65		21.15		21.66		22.18		22.71		23.25		23.93		24.32		24.73		25.14		25.56		25.99		26.42		26.87		27.31		27.77		28.23		28.70		29.17		29.64		30.13		30.61		31.06		30.93		30.81		30.69		30.58		30.47		30.36		30.26		30.16		30.07		29.98		29.89		29.81		29.73		29.65		29.58		29.51		29.44		29.38		29.32		29.26		29.20		29.15		29.10		29.06		29.02		28.98		28.94		28.90		28.87		28.85		28.82		28.80		28.78		28.76		28.74		28.73		28.72		28.72		28.71		28.71		-7.62

		11		10		7.12		2.49		-0.63		-3.01		-4.89		-6.42		-6.66		-6.71		-6.60		-6.35		-5.85		-4.88		-3.91		-2.81		-1.65		-0.53		0.71		1.99		3.29		4.63		5.91		7.29		8.69		10.11		11.55		13.00		14.47		15.95		17.45		18.96		20.48		21.93		23.47		25.02		26.70		28.11		29.52		30.93		32.36		33.79		35.23		35.68		36.13		36.59		37.05		37.52		38.00		38.48		38.96		39.45		39.89		39.76		39.64		39.52		39.41		39.30		39.19		39.09		39.00		38.90		38.81		38.73		38.64		38.56		38.49		38.42		38.35		38.28		38.22		38.16		38.10		38.05		37.99		37.95		37.90		37.86		37.82		37.78		37.75		37.72		37.69		37.66		37.64		37.62		37.60		37.59		37.58		37.57		37.56		37.56		37.56		17.27		17.31		17.35		17.40		17.44		17.48		17.52		17.56		17.61		17.65		17.69		17.73		17.77		17.81		17.85		17.89		17.93		17.10		16.56		16.47		16.45		16.50		16.61		16.78		16.98		17.23		17.51		17.81		18.15		18.51		18.90		19.30		19.72		20.17		20.62		21.09		21.58		22.08		22.59		23.11		23.64		24.18		24.85		25.25		25.65		26.07		26.49		26.91		27.35		27.79		28.24		28.69		29.15		29.62		30.09		30.57		31.05		31.54		31.98		31.85		31.73		31.61		31.50		31.39		31.28		31.18		31.08		30.99		30.90		30.81		30.73		30.65		30.57		30.50		30.43		30.36		30.29		30.23		30.18		30.12		30.07		30.02		29.98		29.93		29.89		29.86		29.82		29.79		29.76		29.74		29.71		29.69		29.68		29.66		29.65		29.64		29.63		29.63		29.63		-6.71

		12		11		7.64		3.09		0.05		-2.27		-4.12		-5.62		-5.85		-5.89		-5.77		-5.54		-5.04		-4.06		-3.01		-1.98		-0.83		0.37		1.54		2.81		4.12		5.45		6.81		8.19		9.51		10.94		12.37		13.83		15.30		16.78		18.28		19.79		21.31		22.84		24.38		25.93		27.53		28.93		30.34		31.76		33.19		34.62		36.06		36.51		36.96		37.42		37.88		38.35		38.83		39.31		39.79		40.28		40.71		40.59		40.47		40.35		40.24		40.13		40.02		39.92		39.83		39.73		39.64		39.56		39.47		39.39		39.32		39.24		39.18		39.11		39.05		38.99		38.93		38.87		38.82		38.78		38.73		38.69		38.65		38.61		38.58		38.55		38.52		38.49		38.47		38.45		38.43		38.42		38.41		38.40		38.39		38.39		38.39		18.09		18.13		18.17		18.22		18.26		18.30		18.34		18.39		18.43		18.47		18.51		18.55		18.59		18.63		18.68		18.72		18.76		17.93		17.42		17.32		17.31		17.36		17.47		17.63		17.83		18.08		18.35		18.66		19.00		19.36		19.74		20.15		20.57		21.01		21.47		21.94		22.42		22.92		23.43		23.95		24.48		25.02		25.69		26.09		26.49		26.90		27.32		27.75		28.19		28.63		29.08		29.53		29.99		30.45		30.93		31.40		31.88		32.37		32.81		32.68		32.56		32.44		32.33		32.22		32.11		32.01		31.91		31.82		31.73		31.64		31.56		31.48		31.40		31.33		31.25		31.19		31.12		31.06		31.01		30.95		30.90		30.85		30.81		30.76		30.72		30.69		30.65		30.62		30.59		30.57		30.54		30.52		30.51		30.49		30.48		30.47		30.46		30.46		30.46		-5.89

		13		12		8.10		3.65		0.67		-1.60		-3.42		-4.89		-5.13		-5.16		-5.04		-4.78		-4.22		-3.32		-2.27		-1.16		-0.08		1.12		2.37		3.56		4.87		6.20		7.56		8.95		10.35		11.77		13.13		14.58		16.05		17.54		19.03		20.54		22.06		23.59		25.13		26.68		28.35		29.75		31.10		32.52		33.95		35.38		36.82		37.26		37.72		38.18		38.64		39.11		39.58		40.06		40.55		41.04		41.47		41.35		41.22		41.11		40.99		40.89		40.78		40.68		40.58		40.49		40.40		40.31		40.23		40.15		40.07		40.00		39.93		39.87		39.80		39.74		39.69		39.63		39.58		39.53		39.49		39.44		39.41		39.37		39.33		39.30		39.28		39.25		39.23		39.21		39.19		39.18		39.16		39.15		39.15		39.14		39.14		18.83		18.87		18.92		18.96		19.00		19.05		19.09		19.13		19.18		19.22		19.26		19.30		19.34		19.38		19.42		19.47		19.51		18.69		18.20		18.10		18.09		18.14		18.25		18.41		18.61		18.85		19.13		19.44		19.77		20.13		20.52		20.92		21.34		21.78		22.24		22.71		23.19		23.69		24.20		24.72		25.25		25.79		26.46		26.85		27.26		27.67		28.09		28.52		28.95		29.39		29.84		30.29		30.75		31.22		31.69		32.16		32.65		33.13		33.57		33.44		33.32		33.20		33.08		32.97		32.87		32.77		32.67		32.57		32.48		32.40		32.31		32.23		32.16		32.08		32.01		31.95		31.88		31.82		31.76		31.71		31.66		31.61		31.56		31.52		31.48		31.44		31.41		31.38		31.35		31.32		31.30		31.28		31.26		31.25		31.24		31.23		31.22		31.22		31.22		-5.16

		14		13		8.53		4.14		1.25		-0.99		-2.78		-4.23		-4.46		-4.47		-4.35		-4.10		-3.54		-2.56		-1.58		-0.47		0.69		1.81		3.06		4.33		5.64		6.90		8.26		9.64		11.04		12.46		13.90		15.28		16.75		18.23		19.73		21.24		22.76		24.29		25.83		27.38		29.04		30.45		31.86		33.28		34.64		36.07		37.51		37.96		38.41		38.87		39.33		39.80		40.28		40.76		41.24		41.73		42.17		42.04		41.92		41.80		41.69		41.58		41.48		41.38		41.28		41.18		41.09		41.01		40.93		40.85		40.77		40.70		40.63		40.56		40.50		40.44		40.38		40.33		40.28		40.23		40.18		40.14		40.10		40.06		40.03		40.00		39.97		39.95		39.92		39.90		39.89		39.87		39.86		39.85		39.84		39.84		39.84		19.51		19.55		19.60		19.64		19.69		19.73		19.77		19.82		19.86		19.90		19.94		19.99		20.03		20.07		20.11		20.15		20.19		19.38		18.92		18.82		18.80		18.85		18.96		19.12		19.33		19.57		19.84		20.15		20.49		20.85		21.23		21.63		22.05		22.49		22.95		23.42		23.90		24.40		24.91		25.43		25.96		26.50		27.16		27.56		27.96		28.37		28.79		29.22		29.65		30.09		30.54		30.99		31.45		31.92		32.39		32.87		33.35		33.83		34.26		34.14		34.01		33.89		33.78		33.67		33.56		33.46		33.36		33.27		33.18		33.09		33.01		32.93		32.85		32.78		32.71		32.64		32.58		32.52		32.46		32.41		32.35		32.31		32.26		32.22		32.18		32.14		32.11		32.07		32.05		32.02		32.00		31.98		31.96		31.95		31.93		31.92		31.92		31.91		31.91		-4.47

		15		14		8.58		4.59		1.76		-0.44		-2.19		-3.62		-3.83		-3.84		-3.73		-3.46		-2.83		-1.93		-0.87		0.16		1.32		2.53		3.69		4.97		6.28		7.61		8.90		10.28		11.68		13.10		14.54		16.00		17.47		18.87		20.37		21.88		23.40		24.93		26.47		28.02		29.69		31.09		32.50		33.92		35.35		36.78		38.16		38.60		39.06		39.51		39.98		40.45		40.92		41.40		41.89		42.38		42.81		42.68		42.56		42.45		42.33		42.22		42.12		42.02		41.92		41.83		41.74		41.65		41.57		41.49		41.41		41.34		41.27		41.21		41.14		41.08		41.03		40.97		40.92		40.87		40.83		40.78		40.75		40.71		40.67		40.64		40.62		40.59		40.57		40.55		40.53		40.52		40.50		40.49		40.49		40.48		40.48		20.13		20.18		20.22		20.27		20.31		20.36		20.40		20.45		20.49		20.53		20.58		20.62		20.66		20.70		20.75		20.79		20.83		20.01		19.59		19.49		19.47		19.52		19.63		19.79		19.99		20.23		20.51		20.81		21.15		21.51		21.89		22.29		22.71		23.15		23.60		24.07		24.56		25.05		25.56		26.08		26.61		27.15		27.81		28.21		28.61		29.02		29.44		29.87		30.30		30.74		31.19		31.64		32.10		32.57		33.04		33.52		34.00		34.48		34.91		34.78		34.66		34.54		34.43		34.32		34.21		34.11		34.01		33.91		33.82		33.74		33.65		33.57		33.50		33.42		33.35		33.29		33.22		33.16		33.10		33.05		33.00		32.95		32.90		32.86		32.82		32.78		32.75		32.72		32.69		32.67		32.64		32.62		32.60		32.59		32.58		32.57		32.56		32.56		32.56		-3.84
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