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	Summary
Information on the use of, regulatory status and protection requirements for stations of the RAS in the bands 2655-2690 MHz and 2690-2700 MHz.


	Proposal

The attached contribution should be considered by SE7 


	Background

CRAF notes SE7’s work towards draft ECC deliverables on compatibility and sharing issues for proposed MCA in various bands including 2500-2570/2620-2690 MHz. The RAS has a primary allocation in the adjacent band at 2690-2700 MHz and a secondary allocation in the band 2655-2690 MHz; these allocations are supported by RR footnotes 5.340 and 5.149 respectively. Allocations to MCA in the 2620-2690 MHz band may potentially affect the existing operations of the RAS in the shared part of this band and the adjacent 2690-2700 MHz ‘passive’ band.


Sharing between proposed MCA at 2500-2570/2620-2690 MHz with the RAS in the band 2655-2690 MHz and compatibility with the RAS in the adjacent 2690-2700 GHz band 
Introduction

Radio Astronomy is a passive service, so does not cause interference to other users of the radio spectrum. It uses state of the art receiver systems and is highly susceptible to interference from air and space borne transmitters. Developments over the last 20 years mean that radio astronomical observations are often made on a coordinated basis worldwide and, since radio astronomy is also dependent on naturally occurring phenomena, the operational frequencies it uses cannot be moved within the spectrum. Additionally, radio astronomy cannot operate effectively with levels of interference that would be tolerable in commercial systems. Consequently, its coexistence with other services in adjacent and shared bands needs careful management. From the RAS perspective, the bands near 2.7 GHz are important because we can produce receivers with extremely low noise characteristics and there is a low galactic background; they are mainly used for continuum observations in many European observatories either as single dish or for coordinated simultaneous measurements across Europe. 
WGSE has instructed PT SE7 to develop technical studies in view of deploying MCA systems on board aircraft in various bands and, in particular, has stated that within the study on connectivity in the 2500-2570/2620-2690 MHz band, compatibility with RAS in the band 2690-2700 MHz should be examined. However, the RAS also has an allocation on a secondary basis in the band 2655-2690 MHz; an allocation to MCA will imply sharing with the existing RAS operations in this band. 
The frequency bands 2655-2690 and 2690-2700 MHz are allocated to the Radio Astronomy Service supported by RR footnotes 5.149 and 5.340 respectively, which state that: 
5.149: “In making assignments to stations of other services to which the bands: …., 2655-2690 MHz, .... are allocated, administrations are urged to take all practicable steps to protect the radio astronomy service from harmful interference. Emissions from space-borne or airborne stations can be particularly serious sources of interference to the radio astronomy service (see Nos. 4.5 and 4.6 and Article 29).”
5.340: “All emissions are prohibited in the following bands: 1 400-1 427 MHz, 2 690-2 700 MHz, except those provided for by No. 5.422, ...” 

The following sections set out some initial comments to highlight the protection requirements for the RAS in these bands. Further work is needed and will be carried out when more detailed technical information becomes available. In particular, CRAF would be grateful for information from other members of the PT on the OOB and spurious emissions performance of the proposed 2.6 GHz NCUs/base stations to be used in the aircraft and the associated in-band powers.
RAS antennas and thresholds of interference

The RAS uses very high gain antennas and unfiltered receivers having large fractional bandwidths in order to detect cosmic radio waves; observations of the highest sensitivity are obtained when radio astronomers make use of the widest possible bandwidth. In most cases, interference to the radio astronomy station will be received through the antenna side lobes, so the very narrow, high gain, main beam response to the interference is not usually considered. In fact for most interference calculation purposes it has become the practice to model the RAS observatory antenna is as having a gain of 0 dBi in all directions. This has been encapsulated in Recommendation ITU-R RA.769: “Protection criteria used for radio astronomical measurements”; the data in the tables in this Recommendation are regarded as the generally applicable interference threshold criteria for the protection of high sensitivity radio astronomy observations.
RAS protection requirements

For the bands in question, the appropriate threshold of interference level of spectral power flux density taken from Table 1 (continuum observations) of Recommendation ITU-R RA.769 is 
-247 dB(W/m2.Hz), which equates to a maximum interference power level in a notional 10 MHz bandwidth of -177 dBm. This threshold of interference level is also based on an assumed observational integration time of 2000 s. Continuum observations made with single-dish telescopes commonly undertaken in European observatories are well characterized by these parameters. 
With the assumptions noted, the worst case scenario for interference at the RAS observatory will be from an aircraft flying directly over the observatory at the minimum height at which the system is allowed to operate; from ECC Report 93 this is assumed to be 3000 m. 
ECC Report 93 considers the possibility of obtaining an equivalent emitted power from the aircraft treated as a point source – i.e. effectively the power level ‘outside the aircraft’. This is useful in the RAS situation; the path loss between the aircraft and the observatory can be calculated and the threshold level of interference detrimental to RAS operation is given in the paragraph above. 
Since the aircraft is in line of sight of the observatory, at these frequencies the path loss ‘L’ may be calculated to a reasonable approximation based on the free space path loss equation (i.e. For 3000 m altitude at 2695 MHz, L = 110.6 dB). For the scenario stated, the power ‘Pext’ outside the aircraft at 3000 m falling into the band must therefore be less than:


Pext = -177 + 110.6 = -66.4 dBm

This is the ‘single entry’ worst case and requires modification subject to the likely density of aircraft around the observatory, which could produce a significant continuous additional background noise level. This situation is under consideration; a study using SEAMCAT is being pursued. 
Comments
For the two contiguous bands used by the RAS, there are distinct regulatory situations. 

2690-2700 MHz

This band is adjacent to that proposed for MCA and is a ‘passive’ band used by the science services. It is protected by RR footnote 5.340. Consequently, for the likely aircraft density, it must be ensured that the total aggregate OOB power falling into the band and received by the RAS station is no greater than that given in Recommendation ITU-R RA.769. This should be achievable via a suitable combination of power control, filtering, fuselage attenuation, channel selection, etc.
2655-2690 MHz
Given the sensitivity of RAS receivers, there is likely to be a challenging scenario for in-band sharing, since the power levels outside the aircraft in this band too would also need to be the same as in the adjacent passive band to ensure the unconstrained continuing operation of the RAS. Although 2655-2690 MHz is also allocated to and shared with terrestrial mobile systems, the fact that there is usually a non-line-of-sight situation with significant terrain and additional clutter attenuation allows the RAS to share the band and coordination is technically feasible with some degradation of RAS data accepted (see Recommendations ITU-R RA.1513 & RA.1031 for more information). 
CRAF hopes to contribute further on this topic in the near future.
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