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Agenda item 1.2

(Working Parties 7B, 7C/4A, 6S, 8A, 9D, 8A, 9B)

to consider allocations and regulatory issues related to the Earth exploration-satellite (passive) service, space research (passive) service and the meteorological satellite service in accordance with Resolutions 746 (WRC‑03) and 742 (WRC‑03)

Resolution 746 (WRC-03)

Issues dealing with allocations to science services

2/1.2/1

Issue (A) resolves 1
to invite ITU‑R to conduct sharing analyses between geostationary meteorological satellites operating in the space-to-Earth direction and the fixed, fixed-satellite and mobile services in the band 18-18.4 GHz to define appropriate sharing criteria with a view to extending the current 18.1‑18.3 GHz geostationary meteorological satellites allocation in the space-to-Earth direction to 300 MHz of contiguous spectrum

2/1.2/1.1
Background

Under agenda item 1.2 of WRC-07, ITU‑R has been invited to conduct sharing studies between geostationary meteorological satellites (MetSats) operating in the space-to-Earth direction and the fixed, fixed-satellite and mobile services in the band 18-18.4 GHz to define appropriate sharing criteria with a view to extending the current 18.1-18.3 GHz geostationary MetSat allocation in the space-to-Earth direction to 300 MHz of contiguous spectrum. 

An expansion of the current MetSat allocation is desirable as the next generation geostationary MetSat systems are expected to have bandwidth requirements up to 300 MHz. This is primarily due to transmission of high rate data from high-resolution sensors. Frequencies around 18 GHz are suitable for transmission of this high rate data considering, in particular, that a primary allocation to the geostationary MetSat (space-to-Earth) service exists already in the band 18.1-18.3 GHz based on No. 5.519 of the Radio Regulations (RR). WRC-03 recognized that the bandwidth of the existing 

allocation is insufficient to support the required data rates and that sharing between geostationary MetSats and the fixed, fixed-satellite and mobile services may be feasible in an additional 100 MHz in the band 18.0-18.4 GHz. This recognition of sharing feasibility was due to various considerations, including the fact that the number of MetSat satellites to be operated in this band would be quite limited (on the order of one or two per ITU Region or five to ten on a global basis), that the number of earth stations deployed to support these MetSat systems will be of the same order as the number of satellites, and that the antennas of these supporting earth stations would be relatively large (on the order of 6-10 metres in diameter). 

2/1.2/1.2
Summary of technical and operational studies and relevant ITU-R Recommendations

Two options for an extension of RR footnote No 5.519 were studied, those being from 18.3‑18.4 GHz and from 18.0-18.1 GHz. The overall results of the compatibility analyses can be summarized as follows:

2/1.2/1.2/1
Sharing between GSO MetSat (space-to-Earth) systems and GSO FSS (space to-Earth) systems

Relevant ITU-R Recommendations: 
ITU-R S.580, ITU-R S.1328, ITU-R S.1432, PDNR SA.[MET 18 GHz]
•
MetSat and FSS operation in the 18.0-18.4 GHz band are subject to the procedures effecting coordination in Article 9 (RR 9.7). The GSO FSS earth station single entry coordination trigger of 6% ∆T/T found in Appendix 5, would be met for a typical GSO MetSat having a pfd level of –122 dBW/m²/MHz and operating about 4 degrees from FSS networks, except in the case of small HDFSS type earth stations where the required separation to meet the coordination trigger is about 5 degrees. This is essentially the same result as would be obtained for compatibility between two similar FSS systems. 
•
Further to the results above based upon the FSS system characteristics in ITU-R Recommendation S.1328, for typical MetSat PFD levels of –122 dBW/m2/MHz, and for FSS systems with typical beam edge of coverage PFD levels of –122 dBW/m2/MHz to ‑123 dBW/m2/MHz and a worst case deployment of an FSS earth station (i.e. beam edge) within the MetSat satellite antenna main lobe, the required orbital separation between the MetSat and FSS system is generally below 2 degrees, except for the case of small HDFSS type earth stations where the required separation is generally below 3 degrees. This is essentially the same result as would be obtained for compatibility between two similar FSS systems. For FSS earth station deployment outside the main lobe, the required separation is fractions of a degree.

•
To protect GSO MetSat earth stations, the required angular separation on the GSO for typical FSS PFD levels of –118 dBW/m2/MHz and a worst case deployment of a MetSat earth station within the FSS satellite antenna main lobe, is generally below 2 degrees. For MetSat earth station deployment outside the main lobe, the required separation is fractions of a degree. PFD levels up to –115 dBW/m2/MHz are tolerable without requiring special countermeasures. Higher PFD levels would require a wider angular separation. 

•
Application of the ±8° coordination arc that currently applies to the case of FSS-to-FSS coordination in the 18 GHz band to the case of FSS-to-MetSat coordination across the entire 300 MHz of spectrum identified for MetSat operations would be appropriate. 

•
High gain satellite antennas will have a narrow main lobe footprint on the surface of the Earth which will greatly reduce angular separation requirements and consequently facilitate coordination.

2/1.2/1.2/2
Sharing between GSO MetSat (space-to-Earth) systems and BSS feeder links (Earth-to-space)
•
Relevant ITU-R Recommendations:
ITU-R P.452, ITU-R P.526, ITU-R S.580, ITU-R P.833, ITU‑R S.1432, PDNR SA.[MET 18 GHz]
•
Typical separation distances in reverse band sharing situations between receiving meteorological earth stations and transmitting BSS feeder uplinks are limited to the first line of sight obstacle. In the worst case, around 40 km separation is required. International coordination will therefore rarely be required.
•
An angular separation of 1 degree between geostationary meteorological satellites transmitting in the 18.0-18.1 GHz band and satellites receiving a BSS feeder link in this band results in noise-to-interference ratios ranging between 40 dB in a worst case and 44 dB in a typical case. With a typical EIRP of the meteorological satellite, a 0.1 degree orbital separation results in a noise-to-interference ratio of 24 dB, corresponding to a ∆T/T of 0.4%.

2/1.2/1.2/3
Sharing between GSO MetSat (space-to-Earth) systems and NGSO FSS (space-to-Earth) systems
Relevant ITU-R Recommendations: 
ITU-R S.580, ITU-R S.1328, PDNR SA.[MET 18 GHz]
•
With regard to potential interference from GSO MetSat into NGSO FSS Earth stations large margins exceeding 50 dB are available with respect to the protection criterion of 
–114 dBW/10 MHz for 0.01% of time for NGSO FSS systems with Earth stations using very large NGSO FSS antenna with a maximum gain of 70 dBi where interference is only received via relatively low side lobes. For NGSO FSS Earth stations with small antennas still sufficient margins between 9 and 22 dB are available with respect to the protection criterion of –135.7 dBW/10 MHz for 0.5% of time.
•
Regarding the potential of interference from NGSO-FSS satellites to meteorological earth stations in the worst case when a NGSO-FSS satellite transmitting at very high EIRP towards co-located earth stations, one degree of geographical earth station separation, equivalent to around 72 km at a latitude of 50 degrees, offers already sufficient margin with respect to the required protection level. For the other considered cases no geographical separation is required as margins are between 15 and 35 dB.
2/1.2/1.2/4
Sharing between GSO MetSat (space-to-Earth) systems and the fixed service (point-to-point) systems
Relevant ITU-R Recommendations: 
ITU-R P.526, ITU-R S.580, ITU-R F.699, ITU-R F.758, ITU‑R P.833, ITU-R F.1107, PDNR SA.[MET 18 GHz]
•
Sharing with fixed service point-to-point systems is already possible with respect to GSO MetSat systems in the 18.1-18.3 GHz band considering that the currently applicable pfd limits as given in RR Table 21-4 for the MetSat service can be respected with significant margin. Extending the current MetSat allocation by 100 MHz will not change this situation.

•
With regard to long term interference to meteorological earth stations, sharing with FS point-to-point systems under line-of-sight conditions is feasible with an angular off-pointing of typically around 2 degrees. Values may range between 0 degrees (no separation required) and 12.4 degrees in the unlikely worst case where the 2 stations point basically towards each other.
•
In the case of short term interference to meteorological earth stations sharing with point-to-point FS systems is feasible with separation distances of typically 4 to 9 kilometres. The individual separation distance between an FS station and a MetSat earth station is usually determined by the first obstacle between the 2 stations.
2/1.2/1.2/5
Sharing between GSO MetSat (space-to-Earth) systems and the fixed service (point-to-multipoint) systems
Relevant ITU-R Recommendations: 
ITU-R P.526, ITU-R S.580, ITU-R F.699, ITU-R F.758, ITU‑R P.833, ITU-R F.1107, PDNR SA.[MET 18 GHz]
•
Sharing with fixed service point-to-multipoint systems is already possible with respect to GSO MetSat systems in the 18.1-18.3 GHz band considering that the currently applicable pfd limits as given in RR Table 21-4 for the MetSat service can be respected with significant margin. Extending the current MetSat allocation by 100 MHz will not change this situation.

•
Sharing with Fixed service point-to-multipoint systems (user stations) is possible with no or very little angular off-pointing with respect to meteorological geostationary locations. Values may range between 0 degrees (no separation required) and 0.9 degrees. Central stations do not require off-pointing. 

•
Regarding long term interference to meteorological earth stations, sharing with FS point-to-multipoint systems under line-of-sight conditions is feasible with an angular off-pointing of typically around 2.5 degrees. Values may range between 0 degrees (no separation required) and 9.6 degrees in the unlikely worst case where the 2 stations point basically towards each other.

•
With regard to short term interference to meteorological earth stations sharing with point-to-multipoint FS systems is feasible with separation distances of typically 4 to 7 kilometres. The individual separation distance between an FS station and a MetSat earth station is usually determined by the first obstacle between the 2 stations.
2/1.2/1.2/6
Sharing between GSO MetSat (space-to-Earth) systems and the mobile service
Relevant ITU-R Recommendations: 
PDNR SA.[MET 18 GHz]
•
No sharing studies were performed since there is no current use of the band by the mobile service. Furthermore, there are no known plans to use this band by the mobile service in the foreseeable future.

2/1.2/1.3
Analysis of the results of studies

2/1.2/1.3/1
Sharing between GSO MetSat (space-to-Earth) systems and GSO FSS (space to-Earth) systems
Taking into account FSS system characteristics based on Recommendation S.1328, the design for next generation meteorological satellite service systems has been optimised (PDNR ITU-R SA.[MET 18 GHz]) to maximise the level of homogeneity between FSS and MetSat systems. Obviously, this will not only result in maximum compatibility but also facilitate any coordination procedures at a later stage. 

In addition to the overall results of the technical studies, it must be noted from a practical standpoint that in Region 2, the 18.3-18.4 GHz band has been identified for use by HDFSS systems under RR No. 5.516B and this is expected to lead to increasing commercial use of this band. This increased use by FSS systems communicating with large numbers of ubiquitously deployed small earth stations will make MetSat coordination with the FSS in Region 2 more complicated in the band 18.3-18.4 GHz.

2/1.2/1.3/2
Sharing between GSO MetSat (space-to-Earth) systems and BSS feeder links (Earth-to-space)
In Regions 1 and 3, the 18.0-18.1 GHz band segment, apart from being used for FSS downlinks, is part of Appendix 30A (see RR No. 5.516) which shall not be constrained by this new MetSat allocation. Considering, however, the small number of meteorological satellites to be deployed, proper choice of orbital location of MetsSat satellites, as stated in Section 2/1.2/1.2/2, will ensure continued protection of satellites operating under Appendix 30A. Considering also the small number of meteorological earth stations and BSS feeder link earth stations for which in the worst case a geographical separation of 40 km is required, careful selection of the location of meteorological earth stations in particular countries could eliminate the need to coordinate with feeder link stations of BSS satellite networks in neighbouring countries. This would ensure continued protection of BSS feeder links operating under Appendix 30A.
2/1.2/1.3/3
Sharing between GSO MetSat (space-to-Earth) systems and NGSO FSS (space-to-Earth) systems
Results of the compatibility analyses between NGSO FSS systems with characteristics contained in Recommendation ITU-R S.1328 and next generation meteorological satellite systems conclude that no harmful interference is caused by meteorological satellites transmitting a worst case EIRP towards co-located earth stations of the MetSat and the NGSO FSS. Even under these worst case assumptions the required NGSO-FSS protection levels can be met with large margins. 
With regard to the potential of interference from NGSO-FSS satellites into a MetSat earth station significant margin will be available to co-located NGSO-FSS Earth stations with small antennas, thus no coordination would be required with NGSO-FSS systems with ubiquitously deployed small earth stations. For coexistence with NGSO-FSS Earth stations with a very large antenna, a geographical separation in the order of 70 km would be required. However, considering the small number of meteorological earth stations and the expected small number of NGSO-FSS earth stations with very large antennas, coordination should be readily achievable.
2/1.2/1.3/4
Sharing between GSO MetSat (space-to-Earth) systems and fixed service (point-to-point and point-to-multipoint) systems
Currently applicable power flux density limits as given in RR Table 21-4 for the MetSat service in the band 18.1-18.3 GHz to protect the fixed service can be respected with significant margin. 

Sharing with Fixed service point-to-point and point-to-multipoint systems is therefore already possible.
Sharing between Fixed service point-to-point and point-to-multipoint systems and MetSat earth stations under line-of-sight conditions is already feasible with an angular off-pointing of typically around 2-2.5 degrees and a separation distance of typically 4-9 km. Given the small number of geostationary meteorological satellite systems and its corresponding earth stations (less than 5 per region) careful selection of the location of meteorological earth stations should easily facilitate coordination with fixed service stations.

2/1.2/4

Methods to satisfy the agenda item

2/1.2/4.1
Method to satisfy Issue A

2/1.2/4.1/1
Method 1

Addition of an allocation to the meteorological satellite service in the band 18.0-18.1 GHz on a world-wide basis. This could be accomplished through the modification of RR No. 5.519 to be applicable to the frequency band 18.0-18.3 GHz.

Advantages

Provision of adequate frequency spectrum to satisfy the requirements of next generation geostationary meteorological satellite systems.

Disadvantages

In Regions 1 and 3, some minor constraints could be imposed on the choice of the orbital position for the MetSat systems as well as on the location of their corresponding Earth stations due to operation of BSS feeder links.
2/1.2/4.1/2
Method 2

Addition of an allocation to the meteorological satellite service in the band 18.3-18.4 GHz on a world-wide basis. This could be accomplished through the modification of RR No. 5.519 to be applicable to the frequency band 18.1-18.4 GHz.

Advantages

Provision of adequate frequency spectrum to satisfy the requirements of next generation geostationary meteorological satellite systems.

Disadvantages

The identification of the band 18.3-18.4 GHz for use by HDFSS systems under RR No. 5.516B in Region 2 and the expected consequential increased use of this band by the FSS will make MetSat coordination with the FSS more complicated.

2/1.2/5

Regulatory and procedural considerations

Both methods to satisfy the agenda item require the modification of RR No. 5.519 to also cover the additional frequency band to be allocated to the meteorological satellite service. This footnote already makes reference to the applicable pfd limits as contained in Article 21, Table 21-4.

Consequently Table 8d (“Parameters required for the determination of coordination distance for a receiving earth station”) of Appendix 7 would need to be modified.

____________







Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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