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1.1 Agenda item 1.17

“to consider the results of ITU-R studies on compatibility between the fixed-satellite service and other services around 1.4 GHz, in accordance with Resolution 745 (WRC-03)” 

Under agenda item 1.16 (WRC-03) and acknowledging the non-completion of technical compatibility studies, last WRC-03 made a conditional secondary allocation to FSS for MSS feeder links near 1.4 GHz. Agenda item 1.17 (WRC-07) is the follow-up on this issue and requests the ITU-R finalize these technical studies with a view to determine whether these MSS feeder links are compatible with existing services, and in particular passive service in the 1400-1427 MHz band.

For EESS, this band is a vital resource for measuring salinity and other aspects of the Earth and its atmosphere and, to that respect, is one of the passive bands quoted in footnote 5.340 that prohibits all emissions, emphasizing its particular importance for the scientific community. A number of sensors are planned to use this frequency band in the near future (SMOS and AQUARIUS) for such measurements.

From the current technical studies it seems likely that the NGSO MSS feederlinks will be able to use the allocated bands only with significant constraints to protect existing services, among of which EESS (passive) in the 1400-1427 MHz band. Furthermore, no service providers are continuing to pursue opportunities or participating in relevant studies to use this allocation, which obviously indicates a lack of need for this allocation.

PROPOSAL:  WMO is of the view that such a secondary FSS allocation should not be confirmed at WRC-07.  The current CPM text on Agenda Item 1.17 adequately protects WMO interests.  The WMO opposes changes that would support retaining the secondary FSS allocation. 

NOTE to SG-RFC:  I propose no change to the CPM text.  The applicable CPM text is provided below to assist the reader in determining whether they agree to that position.  This note and the following text should be deleted before submission to the CPM, or the following text can be used to indicate proposed changes if it is determined that changes are required.
AGENDA ITEM 1.17

to consider the results of ITU-R studies on compatibility between the fixed satellite service and other services around 1.4 GHz, in accordance with Resolution 745 (WRC-03)

Resolution 745 (WRC-03)
Protection of existing services in all Regions from non-geostationary-satellite networks in the fixed-satellite service using the frequency bands around 1.4 GHz on a secondary basis
Executive summary

The fixed-satellite service intends to use the bands 1 390-1 392 MHz and 1 430-1 432 MHz for feeder links to non-geostationary MSS satellites, with requirements for global deployment of the corresponding earth stations. Frequency bands around 1.4 GHz are heavily used by a number of different services, for which a series of studies has been conducted. The results of these studies reveal that sharing will not be feasible with some services but could be achieved with other services at the expense of very stringent operating conditions for the FSS systems.

Regarding services operating around the band 1 390-1 392 MHz, sharing with aeronautical radiolocation systems will not be feasible, as required protection levels for the radiolocation service, would be exceeded by several orders of magnitude. Sharing with ground-based radiolocation systems will require large separation distances and will generally be very difficult in view of their widespread deployment. Sharing will not be feasible with transportable or mobile (in particular ship-borne) radiolocation systems.

Compatibility with passive services operating in the band 1 400-1 427 MHz can hypothetically be achieved at the expense of unusually stringent out-of-band emission reductions. No measurements of emissions from equipment that would be employed in operational systems have been provided.

Regarding services operating around the band 1 430-1 432 MHz, sharing is feasible with some services if power flux densities on FSS links are reduced to sufficiently low levels. Sharing with the aeronautical mobile service will not be feasible as the required protection levels cannot be met with the envisaged operational power flux density levels by almost 2 orders of magnitude.

One method to satisfy this Agenda item has been addressed as in Section 3/1.17/5 which is to suppress the secondary FSS allocation for MSS feeder links in the frequency bands 1 390-1 392 MHz (Earth-to-space) and 1 430-1 432 MHz (space-to-Earth).
2 3/1.17/1

Issue A  further resolves to invite ITU-R, as a matter of urgency
1
to continue studies, and to carry out tests and demonstrations to validate the studies on operational and technical means to facilitate sharing around 1.4 GHz, including the frequency band 1 390-1 392 MHz, between existing and currently planned services and FSS links (Earth-to-space) for use by non-GSO satellite systems in the MSS with service links operating below 1 GHz.

2.1.1 3/1.17/1.1
Background

The frequency band 1 350-1 400 MHz is allocated on a primary basis in all Regions to the radiolocation service (RLS) and in Region 1 to the fixed service (FS) and mobile service (MS), among others. The band 1 370-1 400 MHz is in all Regions allocated on a secondary basis to the space research (passive) service (SRS (passive)) and Earth exploration-satellite (passive) service (EESS (passive)) by RR No. 5.339. In addition, in some countries existing installations of the radionavigation service (RNS) may continue to operate in the band 1 350-1 400 MHz under RR No. 5.338. The band 1 330-1 400 MHz is also used by the radio astronomy service (RAS) for observations of the red-shifted hydrogen line and RR No. 5.149 urges administrations to take all practicable steps to protect it from harmful interference.

2.2 3/1.17/1.2
Summary of technical and operational studies, and relevant ITU-R Recommendations

List of relevant ITU-R Recommendations: ITU-R M.1463, ITU-R RS.1029-2.
Fixed service

The frequency band 1 350-1 400 MHz is in many countries intensively used for low-capacity long‑haul radio relays, including some security applications. In this band the FS has evolved its applications globally, primarily for low-cost rural, point-to-multipoint systems in developing and developed countries, without practical sharing difficulties with other services.
Mobile service

The frequency band 1 350-1 400 MHz is used by transportable radio-relay systems in some countries which operate under the MS. These systems have characteristics which are comparable to point-to-point FS systems or directional stations of point-to-multipoint FS systems.

Radiolocation service

The frequency band 1 350-1 400 MHz is used by several administrations for ground-based, ship-borne or airborne long-range air surveillance radars. These radiolocation systems are globally deployed in significant numbers. Recommendation ITU-R M.1463 contains relevant radiolocation receiver characteristics.

Radionavigation service

No information on potentially affected RNS systems has been made available.

Radio astronomy service

For FSS (Earth-to-space) links (limited to feeder links of non-geostationary mobile-satellite systems with service links below 1 GHz) operating in the band 1 390-1 392 MHz, interference detrimental to radio astronomy in the band 1 330-1 400 MHz can be prevented by a combination of geographic separation and appropriate attenuation of unwanted emissions, so that the total data loss due to the (Earth-to-space) and (space-to-Earth) links does not exceed 2%.

Earth-exploration satellite service (passive)

Regarding the impact on EESS (passive), Recommendation ITU-R RS.1029-2 contains the permissible interference levels and related time excess criteria or data availability criteria to the band 1 370‑1 400 MHz. The acceptable interference power is –174 dBW in a reference bandwidth of 27 MHz not to be exceeded for more than 0.1% of the time. 

Space research service (passive)

No information on potentially affected SRS (passive) systems has been made available.

2.3 3/1.17/1.3
Analysis of the results of studies

Fixed service

Sharing with the FS is feasible by applying geographical separation. Adequate separation distances shall be respected when an administration deploys an FSS earth station with respect to FS stations operating in the band 1 390-1 392 MHz so that the FSS earth station does not cause harmful interference to FS stations in the territory of other administrations.

Mobile service

Sharing with the MS would require geographical separation between transmitting FSS earth stations and mobile receivers. For mobile service systems in general, and transportable radio-relay systems in particular, sharing will not be feasible in and close to the territory of administrations using or planning to use MS systems.

Radiolocation service

Different types of radiolocation systems are operated in the band 1 350-1 400 MHz.

Sharing with aeronautical radiolocation systems is not feasible. Studies indicate that protection criteria for radiolocation receivers are exceeded between 38 dB under favourable conditions and 85 dB under worst-case conditions. Typical interference excess levels range between 52 and 75 d.
Sharing with transportable ground-based or ship-borne radiolocation systems is not feasible.

For ground-based radiolocation systems in fixed locations, adequate separation distances need to be respected when an administration deploys an FSS earth station with respect to radiolocation stations operating in the band 1 350-1 400 MHz so that the FSS earth station does not cause harmful interference to radiolocation stations deployed in the territory of other administrations. Sharing studies conducted within ITU-R have shown separation distances between a ground-based radar and an FSS earth station of between 150 and 600 km, depending on the cases considered. Propagation paths over large bodies of water are likely to require higher distances. The high number of ground-based radiolocation systems deployed in all 3 Regions will make the deployment of MSS feeder link earth stations very difficult.

Radio astronomy service

For FSS (Earth-to-space) links operating in the band 1 390-1 392 MHz, interference detrimental to radio astronomy operations in the band 1 330-1 400 MHz can be avoided through geographic separation, which may prevent deployment of FSS earth stations in very large areas surrounding those radio astronomy stations. 

The distance necessary for the protection of radio astronomy stations has been determined to be greater than 600 km for radio astronomy stations performing observations in the 1 330-1 400 MHz band.

Earth-exploration satellite service (passive)

Operation of EESS (passive) is not feasible whenever an EESS (satellite) is in line of sight of an FSS earth station. In view of the global deployment of FSS earth stations, sharing will not be feasible.

3 3/1.17/2

Issue B  further resolves to invite ITU-R as a matter of urgency
2
to conduct studies, and to carry out tests and demonstrations to validate the studies on operational and technical means to facilitate sharing around 1.4 GHz, including the frequency band 1 430-1 432 MHz, between existing and currently planned services and FSS links (space-to-Earth) for use by non-GSO satellite systems in the MSS with service links operating below 1 GHz.

3.1 3/1.17/2.1
Background

The band 1 427-1 429 MHz is allocated among other services to FS and MS except aeronautical mobile, on world wide basis.  The band 1 429-1 452 MHz is allocated among other services to FS and MS expect aeronautical mobile in Region1.  In Regions 2 and 3, the band 1 429-1 452 MHz is allocated among other services to FS and MS.

In some countries the band 1 429-1 535 MHz is also allocated on a primary basis to the aeronautical mobile service exclusively for the purposes of aeronautical telemetry within the national territory by RR No. 5.342. 

The band 1 427-1 429 MHz is also allocated on a primary basis to the space operation service (Earth-to-space) in all Regions.
3.2 3/1.17/2.2
Summary of technical and operational studies, and relevant ITU-R Recommendations

List of relevant ITU-R Recommendations: ITU-R F.1108-4, ITU-R M.1459.
Fixed service

The frequency band 1 427-1 452 MHz is in many countries intensively used for low-capacity long‑haul radio relays, including some security applications. In this band, the FS has evolved its applications globally, primarily for low-cost rural, point-to-multipoint systems in developing and developed countries, without practical sharing difficulties with other services.

Studies were performed using the fractional degradation in performance (FDP) criterion contained in Recommendation ITU-R F.1108-4 to derive pfd values for the protection of the FS from the FSS link (space-to-Earth).

Mobile service (including aeronautical mobile service)

Protection criteria and typical characteristics of aeronautical telemetry systems in the band 1 430‑1 432 MHz fully comply with protection criteria and characteristics of systems presented in Recommendation ITU-R M.1459 for the 1 452-1 535 MHz frequency band.

The pfd produced at the Earth’s surface by any non-GSO space station visible for any receiving aeronautical mobile station operating in accordance with RR No. 5.342 in the band 1 430-1 432 MHz, need to not exceed the following limits in any 4 kHz reference bandwidth:
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θ:
the angle of arrival (in degrees above the horizontal plane).

Space operation service

No information on potentially affected space operation service systems has been made available.

3.3 3/1.17/2.3
Analysis of the results of studies

Fixed service

ITU-R studies based on the FDP criterion have concluded that the following pfd limit should be adequate to protect the FS in bands near 1.4 GHz:



pfdlimit = –164 dB/(W/(m2 ( 4 kHz))

This pfd limit, established to protect digital fixed wireless systems, is considered adequate to protect analogue fixed wireless systems. Actually required pfd limits are a function of the number of FSS links (space-to-Earth) but studies have shown that for most non-GSO systems the required value was around −164 dB/(W/m2/4 kHz).

Mobile service

ITU-R studies showed that FSS links (space-to-Earth) in the band 1 430-1 432 MHz (MSS feeder links) operating at a pfd level of −164 dB(W/m2) in any 4 kHz bandwidth exceed the specified protection criterion by 17 dB. Therefore, compatibility with FSS links (space-to-Earth) in the band 1 430-1 432 MHz is impossible.

4 3/1.17/3

Issue C  further resolves to invite ITU-R, as a matter of urgency
3
to carry out studies, including the measurement of emissions from equipment that would be employed in operational systems, to validate that the systems meet all requirements for the protection of passive services in the band 1 400-1 427 MHz from unwanted emissions from FSS feeder links around 1.4 GHz for non-GSO satellite systems in the MSS with service links operating below 1 GHz.

4.1 3/1.17/3.1
Background

The band 1 400-1 427 MHz is allocated to the EESS (passive), the RAS and the SRS (passive) on a worldwide basis. For the RAS, this band is crucial both for studies of the hydrogen line and for continuum observations.

For the EESS, the band 1 400-1 427 MHz is a vital resource for measuring salinity and other aspects of the Earth and its atmosphere. RR No. 5.340 prohibits all emissions in the band, emphasizing the particular importance of the band for the science community.

4.2 3/1.17/3.2
Summary of technical and operational studies, and relevant ITU-R Recommendations

List of relevant ITU-R Recommendations: ITU-R RA.769-2, ITU-R RS.1029-2, ITU‑R RA.1513-1, ITU-R S.1586, ITU-R RA.1631.
Radio astronomy service

Recommendation ITU-R RA.769-2 lists the threshold levels of interference detrimental to the RAS in the band 1 400-1 427 MHz. Recommendation ITU-R RA.1513-1 provides criteria for data loss to the RAS due to any one system. Recommendation ITU-R RA.1631 gives the RAS station antenna pattern and maximum gain to be considered in compatibility studies. From these values it is possible to derive epfd levels that should be respected by the feeder links of a single MSS network:

–
an epfd limit of –259 dBW/m2 in any 20 kHz bandwidth of the 1 400-1 427 MHz band 
for more than 98% of integration periods of 2 000 s at each radio astronomy station conducting spectral line observations in this band; and

–
an epfd limit of –243 dBW/m2 in the entire 1 400-1 427 MHz band for more than 98% 
of integration periods of 2 000 s at each radio astronomy station conducting continuum observations in this band.

For FSS links (Earth-to-space) operating in the band 1 390-1 392 MHz, interference detrimental to radio astronomy in the band 1 400-1 427 MHz can be prevented by a combination of geographic separation and appropriate attenuation of unwanted emissions, so that the total data loss due to the Earth-to-space link and the space-to-Earth link does not exceed 2%.

Earth-exploration satellite service (passive)

Regarding the impact on EESS (passive), Recommendation ITU-R RS.1029-2 contains the permissible interference levels and related time excess criteria or data availability criteria to the band 1 400-1 427 MHz. The acceptable interference power is –174 dBW in a reference bandwidth of 27 MHz not to be exceeded for more than 0.1% of the time. As the interference comes from several sources, ITU-R has decided to allocate 5% of this interference time to each of the FSS links below and above the band 1 400-1 427 MHz, respectively.

4.3 3/1.17/3.3
Analysis of the results of studies

Radio astronomy service

FSS space-to-Earth link
The application of Recommendation ITU-R S.1586 to a representative radio astronomy station leads to the following pfd limits, to be respected by each satellite of an MSS network with FSS links (space-to-Earth):

–
a pfd limit of –201 dBW/m2 in any 20 kHz at any radio astronomy station conducting observations in this band; and

–
a pfd limit of –185 dBW/m2 in 27 MHz at any radio astronomy station conducting observations in this band.

In order to accommodate full duplex telecommunications in two frequency channels separated by only 40 MHz, a post-transmitter filter is required on both the MSS satellites and the earth stations. 

Studies have shown through laboratory tests and simulations that the combination of such a filter on the satellite, with Gaussian Minimum Shift Keying (GMSK) modulation using a 300 kHz bandwidth and an output power of 3 W at the input of the antenna would lead to an amount of unwanted emissions at the antenna input of −90 dBW in the entire passive band, and –103 dBW in a 20 kHz bandwidth at 1 427 MHz. No measurements of emissions from equipment that would be employed in operational systems have been provided. 

Assuming an antenna gain of –6 dBi and a distance of 1 000 km this leads to a pfd per satellite of −227 dBW/m2 in the entire 1 400-1 427 MHz band and –240 dBW/m2 in a 20 kHz bandwidth at 1 427 MHz. These numbers correspond to a margin of 40 dB with regard to the pfd limits determined above, which is largely sufficient to accommodate any difference that may appear between the laboratory tests/simulations and the real system in orbit.

FSS Earth-to-space link
For FSS links (Earth-to-space) operating in the band 1 390-1 392 MHz, interference detrimental to radio astronomy operations in the band 1 400-1 427 MHz can be prevented through a combination of geographic separation, and appropriate attenuation of unwanted emissions, which may be readily achievable for the limited number of FSS earth stations that would be implemented. 

The distance necessary for the protection of radio astronomy stations has been determined to be in the order of 100 km for radio astronomy stations performing observations in the 1 400-1 427 MHz band. The 100 km separation distance was determined assuming that the FSS earth station unwanted emission levels were those necessary for the protection of the EESS (−63 dBW). Actual systems will emit a power that is up to 40 dB lower, leading to separation distances of the order of 7 km. The actual separation distance will therefore need to be calculated on a case-by-case basis.

Earth-exploration satellite service (passive)

Regarding FSS links (Earth-to-space), ITU-R studies concluded that an unwanted emission power limit of –63 dBW in the band 1 400-1 427 MHz at the antenna port of the FSS earth station would protect EESS passive sensors operating in the 1 400-1 427 MHz band from harmful interference. The actual required attenuation for a 100 kHz signal is 97 dB. Such a high unwanted emission attenuation level is unusual but considered feasible if modulation techniques with appropriate pulse shaping and tight hardware performance specifications are used in conjunction with a post amplifier filter. No measurements of emissions from equipment that would be employed in operational systems have been provided.

Regarding FSS links (space-to-Earth), ITU-R studies concluded that an unwanted emission power limit of –46 dBW in the band 1 400-1 427 MHz at the antenna port of the satellite would protect EESS passive sensors operating in the 1 400-1 427 MHz band from harmful interference. The actual required attenuation for a 100 kHz signal is 70 dB which is considered achievable. 

5 3/1.17/4

Issue D  further resolves to invite ITU-R, as a matter of urgency
4
to study the power flux-density (pfd) values required to protect sensors of the EESS (passive), operating in the band 1 400-1 427 MHz.

5.1 3/1.17/4.1
Background

General items regarding protection of EESS (passive) are addressed in Section 3/1.17/3. During WRC-03 it was considered necessary to specifically address pfd levels for protection of passive sensors in certain operational modes resulting in resolves 4 of Resolution 745 (WRC-03). 

5.2 3/1.17/4.2
Summary of technical and operational studies, and relevant 
ITU-R Recommendations

During the studies it became apparent that the required pfd values to protect sensors of the EESS (passive) are adequately covered by the unwanted emission power levels specified in 3/1.17/3 to be applied within a reference bandwidth of 27 MHz.

5.3 3/1.17/4.3
Analysis of the results of studies

The specifications on FSS unwanted emission power levels contained in section 3/1.17/3.3 are also adequate to cover this issue.

6 3/1.17/5

Methods to satisfy the agenda item

Method 1

Suppression of the secondary FSS allocation for MSS feeder links in the frequency bands 
1 390-1 392 MHz (Earth-to-space) and 1 430-1 432 MHz (space-to-Earth).

Advantages

–
Unconstrained operating conditions for all existing services.
–
No harmful interference to aeronautical, ship-borne and ground based radiolocation receivers as well as the EESS (passive) operating below 1 400 MHz.
–
No harmful interference to the aeronautical mobile service operating above 1 427 MHz.
–
Avoidance of very constraining operating conditions for MSS feeder links.
Disadvantages

No FSS allocation for MSS feeder links around 1.4 GHz.

7 3/1.17/6

Regulatory and procedural considerations

Method 1 would require suppression of RR No. 5.339A together with suppression of Resolution 745 (WRC-03).

