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[bookmark: _GoBack]Agenda Item 1.15: to consider identification of frequency bands for use by administrations for the land-mobile and fixed services applications operating in the frequency range 275-450 GHz, in accordance with Resolution 767 (WRC-15)

BACKGROUND: There are no present international allocations above 275 GHz in the ITU’s Radio Regulations (RR’s).  Advances in microwave technology now make the practical use of this spectrum for communications and related uses to be a real possibility in the next decade or two.  There are also many possible beneficial passive scientific uses of this spectrum and RR No. 5.565 identifies blocks of spectrum of interest for radio astronomy, earth exploration-satellite (passive), and space research (passive) services. (The passive applications of these bands is explained in Recommendation ITU-R RS.515-5[footnoteRef:1].)  Together the bands enumerated for these three services in RR No. 5.565 cover the entire spectrum in the 275-450 GHz range.   [1:  Recommendation ITU-R RS.515-5 (08/2012), Frequency bands and bandwidths used for satellite passive remote sensing (http://www.itu.int/dms_pubrec/itu-r/rec/rs/R-REC-RS.515-5-201208-I!!PDF-E.pdf)] 


RR 5.565 also provides,
“The use of the range 275-1000 GHz by the passive services does not preclude use of this range by active services.   Administrations wishing to make frequencies  in  the  275-1000 GHz  range  available  for  active  service  applications  are  urged  to  take  all  practicable  steps  to  protect  these  passive  services  from  harmful interference until the date when the Table of Frequency Allocations is established in the above -mentioned 275-1000 GHz frequency range.”

Thus frequencies for fixed and mobile use can be selected under this current provision provided  “all practicable steps” are taken to protect the passive users . 

The nature of the spectrum under consideration here is very different than lower bands.  At these frequencies atmospheric absorption is a key propagation issue that affects inter-service compatibility.  Such absorption is both highly frequency dependent and altitude dependent, and would need to be considered in evaluating protection.  The millimeter and submillimeter wavelengths in this band allow the use of modest sized directional antennas that can limit their transmissions in azimuth and elevations to a much greater degree than has been possible at lower bands where previous deliberations on passive/active sharing have taken place.  Finally, intermittent long distance propagation modes such as ducting do not exist at this frequency range.  Path loss is mainly a function of two factors: optics-like geometric spreading and atmospheric absorption.  Fortunately, most bands of high interest for passive use are those with molecular resonances that also result in high atmosphere absorption at low altitudes.  Another fact helping potential sharing is that most potential terrestrial uses of this spectrum do not need high elevation angles so could have their radiated power elevation distribution could tightly regulated to facilitate band sharing without impacting the desired uses.

Report ITU-R RA.2189, Sharing between the radio astronomy service and active services in the frequency range 275-3 000 GHz, indicates that the radio astronomy service can share with terrestrial systems due to propagation issues and power limitations of current technology.  For similar reasons it is expected that the space research service (passive) can also share with terrestrial communications uses.  There is no general analysis as yet of the sharing issues for the Earth exploration-satellite   service (passive) with respect to terrestrial use. Frequencies in the 275-450 GHz have been used in passive satellite experiments to measure precipitation parameters including estimation of snowfall rates.[footnoteRef:2] [2:  Handbook of Frequency Allocations and Spectrum Protection for Scientific Uses, Committee on Radio Frequencies, 2nd Ed.,2015 at p.63 (http://www.nap.edu/catalog/21774/handbook-of-frequency-allocations-and-spectrum-protection-for-scientific-uses) ] 


RR No. 5.565 identifies 9 bands covering 124 of the 175 GHz between 275 and 450 GHz for both earth exploration-satellite service (passive) and space research service (passive)..  Between these 9 bands there are 8 gaps ranging from 5 to 10 GHz bandwidth with no EESS (passive) or SRS (passive) identification.  Terrestrial mobile and fixed use in these gaps would be consistent with the present provisions of RR 5.565 -- although there may be a need for guard bands.  However, limiting fixed and mobile use to only these 8 interstitial bands would limit the available spectrum for terrestrial transmissions to only 52 GHz of the 175 GHz.  More importantly the widest gap between these passive bands is only 10 GHz which would preclude fixed applications using data rates in excess of 10’s of Gb/s.

While fiber optic technology has a low equipment cost based on capacity and distance parameters, fiber optic installation costs (and hence total system costs) can be very high in both densely populated urban areas and very rugged terrain.  For use in recovery from emergency telecommunications disruptions the speed of fiber optic installation can also be a factor discouraging its use for rapid broadband restorations and high speed fixed radio links of comparable fiber optic-like capacity would be advantageous.  Thus while fixed and mobile applications of the 275-450 GHz does not appear at this time to be a ubiquitous requirement there are real applications where its use would be beneficial as the technology matures.  For niche applications where time latency is a critical concern, the 20-30% faster speed of light in air versus glass fiber also offers certain system advantages.

Since the EESS (passive) and SRS (passive) are satellite based systems, terrestrial fixed and mobile systems that are designed to keep their transmitted power away from the satellites by either using frequencies that have such high atmospheric absorption that they can not impact the satellite or by avoiding illumination of the passive sensor satellites through use of highly directional antennas could also likely share spectrum with these passive systems. For terrestrial fixed applications, tight control of transmission directionality in shared bands is easier than for mobile applications. However, there might be certain blocks of passive where allocating them for passive use only is the only practical approach due to the nature of the specific observations in those bands.   

Non geostationary satellites (NGSOs) can appear at various azimuths and elevations relative to a terrestrial fixed or mobile station and are not as simply avoided as GSOs..  Dynamic spectrum access techniques could be used to prevent conflicts with NGSO-based passive systems by requiring terrestrial systems to modify their use when an alignment with harmful interference potential is imminent.

Alternative dynamic spectrum access techniques may be possible to protect observations from non-geostationary satellite orbits by modifying terrestrial spectrum use while the satellite is in positions where it might be susceptive from the unmodified use..

U.S. VIEW: Taking into account Report ITU-R RA.2189 and other on-going studies, spectrum access for terrestrial fixed and mobile service is being considered.  There are many frequencies in the 275-450 GHz range where earth exploration-satellite service (passive) environmental sensing provides significant benefits.  It is also necessary to identify which passive frequencies are the highest priority, some of which might be appropriate for long term prohibition of active terrestrial uses or subject to special limits to protect satellite-based sensors.  The U.S. is participating in ITU-R studies on this issue and will take the results of approved studies into account to identify frequency bands for land-mobile and fixed service applications operating in the frequency range 275-450 GHz.  It would be desirable to identify at least some blocks for terrestrial fixed and possibly mobile use in which the bandwidth is much greater than the 10 GHz implied by the gaps between EESS (passive) and SRS (passive) bands listed in RR 5.565.  Such large blocks would need regulatory mechanisms to assure that terrestrial transmitter power does not reach sensitive passive satellite sensors and cause harmful interference.  Large spectrum block greater than 10 GHz would enable high speed, low latency terrestrial applications with installation cost and speed advantages over fiber optics in a few important telecommunications applications.

With proper technical planning that takes advantage of the specific nature of propagation at these frequencies, antenna possible at these frequencies and dynamic spectrum technology, carefully chosen parts of this band can be used for both important scientific passive applications and for terrestrial uses that enhance telecommunications networks in unique ways.  Removing uncertainties about communications access to parts of this band technologies will also stimulate research and development in technologies in this band.

