- 10 -

7C/TEMP/92-E

	
	INTERNATIONAL TELECOMMUNICATION UNION
	

	
	RADIOCOMMUNICATION
STUDY GROUPS
	Document 7C/TEMP/92-E

	
	
	11 November 2005

	
	
	English only


Source: 

Document 7C/146 (Annex 11), 168, 188

Working Party 7C

draft cpm report text

Agenda item 1.2

(Working Parties 7B, 7C / 4A, 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

[Text to be provided by Working Party 7B]

2/1.2/2
Issue (B) resolves 2
to invite ITU-R to conduct sharing analyses between the EESS (passive) and the SRS (passive) on one hand and the fixed and mobile services on the other hand in the band 10.6-10.68 GHz to determine appropriate sharing criteria

2/1.2/2.1
Background

The band 10.6-10.68 GHz is allocated to the Earth exploration-satellite service (EESS) (passive), radio astronomy and space research (passive) services on a primary basis. The 10.6-10.68 GHz band is also allocated to the fixed service (FS) and the mobile service (MS) on a primary basis. RR  5.482 limits the e.i.r.p. of FS and MS stations in this band to 40 dBW and the transmitter power to –3 dBW, except in the 30 countries listed in this footnote. 

The World Administrative Radio Conference in 1979 allocated this band to the EESS (passive) on a co-equal basis with the then existing FS and MS services.
The provisions given in RR 5.482 may not be sufficient to ensure the protection of the EESS (passive) in the band 10.6-10.68 GHz, therefore the sharing criteria between the EESS (passive) and the space research (passive) service on one hand and the other primary services on the other hand need to be reviewed. [Editor’s note: The US administration is currently reviewing the technical basis of this statement and will provide additional comments at the next WP 7C meeting]
The band 10.6-10.7 GHz is of primary interest to measure rain, snow, sea state and ocean wind for ocean and land surfaces. This frequency band is considered as an all-weather region suitable for using multispectral systems to establish surface material properties. 
–
Over land surfaces, the measurements performed at 10 GHz are suitable to estimate vegetation biomass once the soil moisture contribution is known. 
–
Over sea surfaces, the band at 10 GHz is adequate for measuring the sea surface and wind speed. In particular, measurements at 10 GHz providing wind speed measurements are essential to get accurate knowledge of sea surface temperature using the 6 GHz data offering the best sensitivity to sea surface temperature. 

A number of sensors are already using or are planning to use this frequency band in the near future for such measurements. These measurements are fully operational (regular use of the data, continuity of service, several usable data products) and are used on a worldwide basis. The retrieved data are used and exchanged between the meteorological organizations in all regions. 
It is to be noted that the retrieved parameters are actually derived from a set of measurements performed at five frequencies which are interrelated (6, 10, 18, 24 and 36.5 GHz).
EESS sensors operating in this band typically employ a conical scan configuration centreced on the nadir direction. It is important for the interpretation of surface measurements to maintain the constant ground incidence angle along the entire scan lines provided by this configuration. The scanning period is chosen in order to ensure full coverage and optimum integration time (radiometric resolution).


2/1.2/2.2
Summary of technical and operational studies and relevant ITU-R Recommendations

Relevant ITU-R Recommendations:
Recommendation ITU-R SA.515: Frequency bands and bandwidths used for satellite passive services;

Recommendation ITU-R SA.1028: Performance criteria for satellite passive remote sensing;

Recommendation ITU-R SA.1029: Interference criteria for satellite passive remote sensing.

2/1.2/2.3
Analysis of the results of studies

2/1.2/2.3/1
Active systems considered

Sharing studies were conducted using FS parameters for point-to-point (P-P) and point-to-multipoint (P-MP) FS systems provided in Recommendation ITU-R F.758 and by administrations in contributions to the working parties performing the sharing studies.

The FS deployment models used in most of the compatibility studies in this band assumed that FS systems are predominantly deployed in urban and sub-urban areas, with few if any systems in rural areas. These theoretical FS deployment models were based on an assumption of up to  1,500 urban/sub-urban areas in the world, and a  density of 6 to 16 P-P FS links within each urban area.  For the P-MP systems addressed in these studies, two such systems per city were assumed for interference simulations based on the Recommendation ITU-R F.1568 channel plan.  In addition, studies were performed using publicly available information on the FS facilities currently licensed in two countries for comparison of results with those obtained using those theoretical FS deployment model.  
The technical parameters and deployment models of mobile service systems needed for sharing studies are not currently available.

2/1.2/2.3/2
Study methodology

Sharing studies were conducted using dynamic model simulations.  These simulations developed cumulative distribution functions (CDFs) of received interference levels over a 10 million square kilometre measurement area as required by Recommendation ITU-R SA.1029-2.  This Recommendation specifies permissible interference levels for the EESS (passive) and not sharing criteria between EESS(passive) and other services.  These simulations addressed several different measurement areas in different parts of the world and their different assumed densities of P-P and P-MP FS station deployment.  Simulations were also conducted to determine the effectiveness of controlling certain technical and operational characteristics of EESS (passive) and FS stations operating in this band in mitigating interference levels.  These factors include passive sensor off-nadir pointing angles and sensor antenna patterns, FS elevation angles and FS power settings.
2/1.2/2.3/3
Results of studies

The interference levels resulting from the initial studies exceed the permissible interference criteria of Recommendation ITU-R SA.1029-2 for current passive sensors by 5 to 25 dB over 0.1% of a passive sensor measurement area depending on the FS station deployment density, although areas for further study have been identified, which may reduce these predicted interference levels.  The simulations performed for the currently licensed FS stations in two countries indicate that the permissible interference criteria for current passive sensors may be exceeded by about 17-18 dB over 0.1% of the area in those countries.  
One sharing study between a passive sensor and mobile service stations was conducted by one administration and shows similar interference results with the compatibility studies for fixed service stations. If an activity factor of mobile service stations is introduced, the sharing situation may be improved.
2/1.2/2.3/4 
Development of sharing criteria

Consideration of any adjustments to the existing  limitations in RR 5.482 needs to take into account the permissible interference criteria specified in Recommendation ITU-R SA.1029-2 and the impact of these adjustments on the FS and MS services in the band.

The following technical and operational characteristics of an EESS (passive) instrument were considered and evaluated as possible approaches to mitigate or minimize the level of interference: 

•
A limitation on the maximum incidence angle controls the amplitude of the direct coupling between the terrestrial active services and the EESS (passive) receiver; however, reducing the off-nadir pointing angles of conical scanning passive sensors below current design values does not significantly reduce interference levels.
•
A requirement for a minimum main beam efficiency
 directly controls the shape of the antenna pattern and will enable a decrease of interference power received outside the main beam region.

•
A limit on the spatial resolution could decrease the likelihood of interferers, or the number thereof, within a certain pixel of the EESS (passive) instrument.

•
Improved EESS (passive) antenna side-lobe performance may decrease interference levels.  For example, a comparison between the reference antenna pattern under development for EESS (passive) and a FSS antenna pattern specified in Recommendation ITU-R S.672-4 shows that reduction of a side-lobe level leads to smaller interference percentage.

The following technical and operational characteristics of an FS station were considered and evaluated as possible approaches to mitigate or to minimize the chance of interference: 

•
A limit on the maximum elevation angle of an FS station main beam;  However, for a uniform distribution of FS elevation angles, the interference levels into a conical scanning passive sensor do not increase significantly until the upper limit on FS elevation angle exceeds about 20°.

•
A limit on the EIRP of future FS stations in the band.
•
A requirement to set the FS transmit power to the value that provides the desired received signal level under clear sky conditions with a specified fade margin; this approach can significantly reduce interference levels into a passive sensor.

•
Control of FS transmitter density through frequency assignment or other deployment practices.
Control of a combination of some or all of the technical and operational characteristics listed in Table 1 can greatly help the sharing between EESS (passive) on one hand and the fixed and mobile services on the other hand.

TABLE 1

Possible sharing criteria in the band 10.6-10.68 GHz
	EESS (passive)
	Fixed service
	Mobile service

	 incidence angle < [60] deg
	 elevation angle range < [20]
	 elevation angle range < [20]

	 main beam efficiency > [85] %
	 limits on deployment density
	 limits on deployment density

	 spatial resolution < [50] km
	 maximum P-P transmitter power < [–13 to –18] dBW
maximum P-MP transmitter power < [-20] dBW
	 maximum transmitter power < [–13 to –18] dBW

	
	Maximum P-P eirp< [30-32] dBW

Maximum P-MP eirp< [–7] dBW /
	 Maximum eirp< [30-32] dBW

	
	power setting control
	

	NOTE – The maximum power and EIRP levels indicated in this Table assume that no other mitigation techniques are applied.


Resolution 742 (WRC-03)

Use of the frequency band 36-37 GHz

2/1.2/3

Issue (C) resolves 1
to invite ITU‑R to conduct sharing studies between the passive services and the fixed and mobile services in the band 36-37 GHz in order to define appropriate sharing criteria

2/1.2/3.1
Background

The band 36-37 GHz on one hand is allocated to the Earth exploration-satellite service (EESS) (passive) and to the space research service (SRS) (passive) and on the other hand is allocated to the fixed and mobile service, all on a primary basis. EESS (passive) and SRS (passive) operating in this band could receive interference from the emissions of systems of active services. Therefore, sharing criteria between the passive services and the active services need to be defined for the band 36‑37 GHz. The World Administrative Radio Conference in 1979 allocated this band to the EESS (passive) on a co-equal basis with the then existing FS and MS services.
The band 36-37 GHz is of primary interest to measure rain, snow, ocean ice and water vapour. This band is also called a window. This band is essential for the precise knowledge of the hydrological cycle or global water circulation.

For the measurement of surface parameters, some radiometric window channels must be selected to determine the corresponding expected parameters for the ocean or land surfaces.

For ocean surfaces, the main parameters that are measured over the ocean surfaces are: salinity, wind speed, liquid clouds, water vapour and sea surface temperature. Liquid clouds are obtained via measurements at 36 GHz. Five frequencies (6, 10, 18, 24 and 36 GHz) are necessary for determining the above main parameters.

For land surfaces, the problem is more complex due to high temporal and spatial variability of surface characteristics (from snow/ice covered areas to deserts and tropical rain forests). Over this kind of surface, the retrieved parameters are: vegetation biomass, cloud liquid water, integrated water vapour, soil moisture and surface roughness. The use of the 36 GHz allows to retrieve the contents of the cloud liquid vapour and of the snow covered areas. It has been shown that this band is the most suitable band for snow detection and has been used for the last 20 years for climatological studies of snow, sea ice, soil moisture, microwave vegetation index and land surface temperature. Measurements at 36 GHz have shown the capability to derive the snow water equivalent. The use of spaceborne remote sensing techniques offers a way to complement and extend conventional ground based measurements of snow to regional and global scales. There is a continuing need to determine the snow water equivalent and its variability over large areas for climatological and hydrological applications. In addition to the snow water equivalent, it is also possible to derive from spaceborne microwave remote sensing measurements, the snow depth based on the physics of the microwave radiation.
The band 36-37 GHz is also used as auxiliary parameters for other remote sensing instruments. Spaceborne radar altimeters are currently operated on a global basis above ocean and land surfaces, with important applications in oceanography and climatology. In order to remove refraction effects due to the atmosphere, the utilization of highly accurate altimetric data require that they are complemented with a set of auxiliary passive measurements around 18.7, 23.8 and 36.5 GHz. In that case, the goal of the 36 GHz is to compute the tropospheric delay in order to enhance the accuracy of the data retrieved through the altimeters.  

It is to noted that all the above usages are fully operational.

2/1.2/3.2
Summary of technical and operational studies and relevant ITU-R Recommendations

Relevant ITU-R Recommendations

Recommendation ITU-R SA.515: Frequency bands and bandwidths used for satellite passive services;

Recommendation ITU-R SA.1028: Performance criteria for satellite passive remote sensing;

Recommendation ITU-R SA.1029: Interference criteria for satellite passive remote sensing.

2/1.2/3.3
Analysis of the results of studies

2/1.2/3.3/1
Active systems considered 

Recommendation ITU-R F.758 lists various point-to-point (P-P) and point-to-multipoint (P-MP) FS system parameters for frequency sharing studies. With respect to P-MP systems in the 36-37 GHz band, Table 31 of that recommendation provides representative characteristics for the 30-40 GHz range, but no specific system characteristics are listed for the 36-37 GHz band. Although FS parameters were submitted by administrations for use in sharing studies, few administrations indicated any current use of the band.

Although FS systems are likely to be predominantly deployed in urban and sub-urban areas, with few if any systems in rural areas, in this band, the very limited use currently being made of this band, a parametric approach that compares the interference levels produced by FS systems into passive sensors over a range of FS parameters such as transmitter power or e.i.r.p. and FS station deployment density provided the most practical approach to conducting the initial sharing studies.

Concerning the technical parameters and deployment models of mobile service systems, it is to be noted that, apart from a limited study of the MS in one administration,  sharing studies have not been conducted specifically for the MS since the corresponding parameters were not available.  However, the most likely use of this band by the MS is by stations with parameters similar to the FS, so that the conclusions of the FS studies are assumed to be applicable to the MS.

2/1.2/3.3/2
Study methodology

Sharing studies were conducted using dynamic model simulations.  These simulations developed cumulative distribution functions (CDFs) of received interference levels over a 10 million square kilometre measurement area as required by Recommendation ITU-R SA.1029-2.  These simulations addressed several different assumed P-P and P-MP FS deployment models and examined trade-offs between FS power/EIRP and FS deployment density.  Simulations were also conducted to determine the effectiveness of controlling certain technical and operational characteristics of EESS (passive) and FS stations operating in this band in mitigating interference levels. 
2/1.2/3.3/3
Results of studies


Preliminary studies indicate that compatibility between future FS operations and the passive sensors currently operating in this band can be achieved if the FS EIRP/power and deployment densities are sufficiently low.  Appropriate sharing criteria will need to be established to facilitate the progress of these studies.  
One sharing study between a passive sensor and mobile service stations was conducted by one administration and shows similar interference results with the compatibility studies for fixed service stations. If activity factor of mobile service stations is introduced, the sharing situation may be improved.

2/1.2/3.3/4
Development of sharing criteria

The following technical and operational characteristics of an EESS (passive) instrument were considered and evaluated as possible approaches to mitigate or minimize the chance of interference: 

•
A limitation on the maximum incidence angle controls the amplitude of the direct coupling between the terrestrial active services and the EESS (passive) receiver;  However, reducing the off-nadir pointing angles of conical scanning passive sensors below current design values does not significantly reduce interference levels.
•
A requirement for a minimum main beam efficiency directly controls the shape of the antenna pattern and will enable a decrease of interference power received outside the main beam region.

•
A limit on the spatial resolution could decrease the likelihood of interferers, or the number thereof, within a certain pixel of the EESS (passive) instrument.

•
Improved EESS (passive) antenna side-lobe performance may decrease interference levels.  For example, a comparison between the reference antenna pattern under development for EESS (passive) and a FSS antenna pattern specified in Recommendation ITU-R S.672-4 shows that reduction of a side-lobe level leads to smaller interference percentage.

The following technical and operational characteristics of an FS station were considered and evaluated as possible approaches to mitigate or to minimize the chance of interference as FS operations are implemented in this band: 

•
A on the maximum elevation angle of an FS station main beam; however, for a uniform distribution of FS elevation angles, the interference levels into a conical scanning passive sensor do not increase significantly until the upper limit on FS elevation angle exceeds about 20°.

•
A limit on the maximum FS station EIRP.
•
A requirement to set the FS transmit power to the value that provides the desired received signal level under clear sky conditions with a specified fade margin; this approach can significantly reduce interference levels into a passive sensor.
•
Control of FS transmitter density through frequency assignment or other deployment practices.
Control of a combination of some or all of the operational and technical characteristics listed in Table 2 can greatly help the sharing between EESS (passive) on one hand and the fixed and mobile services on the other hand.
TABLE 2

Possible sharing criteria in the band 36-37 GHz
	EESS (passive)
	Fixed service
	Mobile service

	 incidence angle < [60] deg
	 elevation angle range <[20]
	 elevation angle range<[20]

	 main beam efficiency > [92] %
	  limits on deployment density
	  limits on deployment density

	 spatial resolution < [50] km
	 maximum P-P transmitter power < [–10 to –15] dBW


	 maximum transmitter power < [–10 to –15] dBW

	
	Maximum P-P eirp< [25-30] dBW


	 Maximum eirp< [25-30] dBW

	
	Power setting control
	


2/1.2/4

Methods to satisfy the agenda item

2/1.2/4.1
Method to satisfy Issue A

(to be developed by WP 7B)

2/1.2/4.2
Method to satisfy Issue B

Method B1

In this method, a single entry emission limit taking into account the results of the compatibility analysis is proposed to be included in the Radio Regulations. Those limits would be non retroactive for the terrestrial active systems brought into use before WRC-07 (the exact date corresponding to this concept will have to be discussed: end of WRC-07, date of entry into force of the Final Acts, another more suitable date). It is proposed that the values of the existing RR 5.482 will be modified using the new appropriate emission limit. 

Advantages

•
Current and future passive sensors are protected.

•
No burden is put on the Bureau. 

•
The EESS (passive) would be protected from in-band emissions through regulatory provisions that would be applied consistently worldwide.
Disadvantages

This limit may constrain the operations and deployment of future active systems.

Method B2

NOC
Advantages:

No impact on FS and MS

Disadvantages

No protection for EESS (passive) beyond that afforded by RR 5.482


 
2/1.2/4.3
Method to satisfy Issue C

Method C1

In this method, a single entry emission limit taking into account the results of the compatibility analysis is proposed to be included in a footnote of Article 5 of the Radio Regulations. Those limits would be non-retroactive for the terrestrial active systems brought into use before WRC-07 (the exact date corresponding to this concept will have to be discussed: end of WRC-07, date of entry into force of the Final Acts, another more suitable date). It is proposed that, in the band 36-37 GHz, FS P-P stations or MS radio links be limited to a maximum equivalent isotropically radiated power of [25-30] dBW and an emission power delivered to the antenna of [–10 to –15] dBW.
Advantages

•
Current and future passive sensors are protected.

•
No burden is put on the Bureau.

•
The EESS(passive) would be protected from in-band emissions through regulatory provisions that would be applied consistently worldwide. 

Disadvantages

This limit may constrain the operations and deployment of future active systems. 

Method C2

NOC

Advantages:

No impact on FS and MS

Disadvantages

No protection for EESS (passive)


[
2/1.2/5

Regulatory and procedural considerations

2/1.2/5.1
Method to satisfy Issue A

(To be developed by WP 7B.)
2/1.2/5.2
Method to satisfy Issue B

For Method B2, The values of the existing RR 5.482 will be modified using the new appropriate emission limits with a grandfathering of existing systems. 
2/1.2/5.3
Method to satisfy Issue C

For Method C2, The emission limit will be included in a new footnote (similar to RR 5.482) corresponding to the band 36-37 GHz with a grandfathering of existing systems.
________________







� 	The main beam efficiency is defined as the energy (main & cross-polarization components) within the main beam region, relative to the total energy within all angles. The main beam region is defined here as 2.5 times the Half Power (–3 dB) Beam Width (HPBW). The Half Power Beam Width is specified as the angle encompassed between the points where the power has fallen 3 dB below the maximum value.





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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