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Spaceborne remote sensing applications
Report on EESS (active) Issues
Introduction
1. This document provides an update on issues affecting active remote sensing that may be of interest to SG-RFC members.  World Radiocommunication Conference 2023 (WRC-23) agenda items involving EESS (active) include AI 1.2, AI 1.12, AI 1.14 and AI 9.1.a. A summary of those agenda items and their progress is provided.  The status of work progressing through Working Party 7C of the ITU-R Study Group 7 is also summarized.  Finally, any relevant items which are currently occurring outside of the ITU-R are also discussed.
WRC-23 Agenda Items 1.2, 1.12, 1.14 and 9.1.a
2. WRC-23 agenda item 1.2
This agenda item is concerned with identifying various frequency bands including 3300-3400 MHz and 10.0-10.5 GHz to consider for IMT, including possible additional allocations to the mobile service on a primary basis.  WP 5B is the responsible group for this agenda item and WP 7C is a contributing group.  The EESS (active) NISAR S-SAR operates within the 3100-3300 MHz frequency band and would possibly be affected by OOB emissions of proposed IMT systems in the adjacent frequency band 3100-3300 MHz.  The EESS (active) SARs operate within the 9.2-10.4 GHz frequency band and would be affected by in-band emissions of proposed IMT systems in the frequency band 10.0-10.4 GHz.
3. WRC-23 agenda item 1.12
This agenda item is concerned with conducting and completing studies for WRC-23 for a possible new secondary allocation to the EESS (active) for spaceborne radar sounders within the range of frequencies around 45 MHz, taking into account the protection of incumbent services, including in adjacent bands.   WP 7C is the responsible group for this agenda item.  Report ITU-R RS.2455 (06/2019) shows preliminary results of sharing between a 45 MHz radar sounder and incumbent fixed, mobile, broadcasting and space research services operating in the 40-50 MHz range. The results of the static analysis show that the transmissions of the radar sounder in the midlatitude regions are higher than the interference thresholds for the Fixed, Mobile and the Radiolocation services. The results indicate that additional more rigorous static and dynamic studies are required to determine if compatibility is feasible.
4. WRC-23 agenda item 1.14
This agenda item is concerned with reviewing and considering possible adjustments of the existing or possible new primary frequency allocations to EESS (passive) in the frequency range 231.5-252 GHz, to ensure alignment with more up-to-date remote-sensing observation requirements.   WP 7C is the responsible group for this agenda item.  EESS (active) has a primary allocation in the 237.9-238.0 GHz band.  NASA’s Cloudcube is a spaceborne cloud radar designed to operate in the 237.9-238.0 GHz band.
5. WRC-23 agenda item 9.1.a
[bookmark: _Hlk525098818]This agenda item is concerned with reviewing the results of studies relating to the technical and operational characteristics, spectrum requirements and appropriate radio service designations for space weather sensors with a view to describing appropriate recognition and protection in the Radio Regulations without placing additional constraints on incumbent services.   WP 7C is the responsible group for this agenda item.  Report ITU-R RS.2456 (2019) provides a summary of space weather sensor systems using radio spectrum which are used for detection of solar activity and the impact of solar activity on the Earth, its atmosphere and its geospace, with an annex providing a categorization of selected RF-based sensors with regard to their support of current space weather products. 
6. WRC-23 Agenda Item 10 
This agenda item is for the purpose of developing the agenda for the subsequent WRC that is recommended to Council for final approval. An output of this WRC agenda item is to identify possible agenda items for future conferences, in accordance with Article 7 of the Convention.
6.1  WRC-27 preliminary agenda item 2.1, Resolution 663 (WRC-19), is to consider the additional spectrum allocations to the radiolocation service on a co-primary basis in the frequency band 231.5-275 GHz and identification for radiolocation applications in frequency bands in the range 275-700 GHz for millimeter and sub-millimeter wave imaging systems.  SG1/SG5 are the responsible groups with WP7C as one of the contributing groups. EESS (active) has a primary allocation in the 237.9-238.0 GHz band.  NASA’s Cloudcube is a spaceborne cloud radar designed to operate in the 237.9-238.0 GHz band.
6.2 WRC-27 preliminary agenda item 2.6, Resolution 657 (WRC-19), is to consider regulatory appropriate recognition of space weather sensors and their protection in the Radio Regulations, taking into account the results of ITU-R studies reported to WRC-23 under agenda item 9.1.a.   SG7 is the responsible group, with WP7C one of the contributing groups. Report ITU-R RS.2456 (2019) provides a summary of space weather sensor systems using radio spectrum which are used for detection of solar activity and the impact of solar activity on the Earth, its atmosphere and its geospace, with an annex providing a categorization of selected RF-based sensors with regard to their support of current space weather products.
ITU-R Working Party 7C
7. During this 2020-2023 Study Cycle, the work concerning active sensors has begun to support the first meeting of Working Party 7C to be held in Geneva in April 2020:
7.1. Revision to Preliminary Draft New Recommendation ITU-R [EESS_SAR-RNSS], “Representative system characteristics and examples of evaluating interference into receiving earth stations in the radionavigation-satellite service (space-to-Earth) from spaceborne synthetic aperture radar sensors in the Earth exploration-satellite (active) service in the 1 215-1 300 MHz band”. The PDN Recommendation recommends the methodology to be used for performing an evaluation of the potential for pulsed interference from new EESS (active) SARs to receiving earth stations in the RNSS (space-to-Earth) operating in the 1 215 – 1 300 MHz frequency range. 
7.2. Proposed Preliminary Draft Revision to Report ITU-R 2068-1 “Current and future use of the band near 13.5 GHz by spaceborne active sensors. This report addresses the continued need of the EESS (active) to access frequencies near 13.5 GHz, the bandwidth requirements, and the scientific feasibility of performing the same measurements in bands other than the band near 13.5 GHz. These requirements will be addressed from the viewpoint of the three major instruments that make use of the band: scatterometers; altimeters; and precipitation radars.
7.3 Revisions to Report ITU-R RS.2456 “Space weather sensor systems using radio spectrum”.  Report ITU-R RS.2456 (2019) provides a summary of space weather sensor systems using radio spectrum which are used for detection of solar activity and the impact of solar activity on the Earth, its atmosphere and its geospace, with an annex providing a categorization of selected RF-based sensors with regard to their support of current space weather products. This work is being done in support of the WRC-23 agenda item 2. agenda item 9.1.a which is concerned with reviewing the results of studies relating to the technical and operational characteristics, spectrum requirements and appropriate radio service designations for space weather sensors with a view to describing appropriate recognition and protection in the Radio Regulations without placing additional constraints on incumbent services.  
7.4 Working Document toward Preliminary Draft New Recommendation ITU-R RS.[SW_PROTECTION_CRITERIA]–Protection Criteria for Space Weather Sensors that Use Radio Spectrum.  This is a working document to develop interference protection criteria for space weather sensors that use radio spectrum.
7.5 Working Document towards a Preliminary Draft New Report ITU-R  RS.[GLOBAL_SURVEY_SMAP_RFI], “Global survey of radio frequency interference observed by the SMAP radar in 1215-1300 MHz band and SMAP radiometer in the 1400-1427 MHz band”  This is a report of interference to the SMAP radar and SMAP radiometer.  
7.6 Working Document towards a Preliminary Draft New Report ITU-R  RS.[GLOBAL_SURVEY_AQ_RFI], “Global survey of radio frequency interference observed by the Aquarius scatterometer in 1215-1300 MHz band and Aquarius radiometer in the 1400-1427 MHz band”  This is a report of interference to the Aquarius scatterometer and Aquarius radiometer.  
ITU-R Study Group 7
8 Study Group 7 met in June, 2019 and considered a number of draft Reports and draft Recommendations; both new and revised which were relevant to active sensing.
8.1 Draft New Report  ITU-R  [VHF SOUNDER]: “Preliminary results of sharing studies between a 45 MHz radar sounder and incumbent fixed, mobile, broadcasting and space research services operating in the 40-50 MHz frequency range”. This Draft New Report was approved and became Report ITU-R RS.2455.
Other Active Sensing Issues raised at SFCG-39
9 Other items affecting active remote sensing spectrum that were addressed at the Space Frequency Coordination Group (SFCG) meeting held in Berlin, Germany, 1-8 July 2019.
9.1 Report SFCG 39-2 Comparison of Maximum PFD Levels at Earth's Surface From EESS (Active) Systems With Burnout Levels of RAS Systems-presents an assessment for each frequency band, which EESS (active) systems could represent a threat to earth stations operating the Radio-Astronomy service (RAS) and provides parameters that could be useful for the RAS prospective for facilitating avoidance of main beam to main beam events.  The report includes an “Active Sensors Look-Up Table” that is available online in the SFCG website, only including the active sensors that could potentially cause damage. To the table was added a new column with the NORAD Catalog number.
9.2 Report SFCG 37-1R2 Analysis of Worst Case RFI Levels in the EESS (Active) from 432 MHz to 238 GHz- presents an update to Report SFCG 37-1R1 with analyses of worst case RFI levels in the EESS (active) in additional frequency bands 5250-5570 MHz and 9200-10400 MHz. 

9.3 Report SFCG 39-1 L-Band Simultaneous Illumination Analysis between NISAR and ALOS-2/4 - presents a simultaneous illumination analysis of L-band SAR emissions between the NISAR and the ALOS-2/4 SAR instruments.  Both mission SARs have spectral overlap with the WAAS GPS receivers.  The dynamic simulation of the NISAR and ALOS-2/4 orbits over one year shows that the overlap occurs for limited durations of around 2.25% and at latitudes near the North and South Pole.

9.4 Report 38-1R1 Potential RFI to EESS (active) Cloud Profile Radars in 94.0-94.1 GHz Frequency Band and EESS (passive) radiometers in the 86-92 GHz frequency band from Other Services- presents two static analyses, one of potential RFI to EESS (active) CPRs and EESS (passive) radiometers from railway RSTT systems and the other of potential RFI to EESS (active) CPRs and EESS (passive) radiometers from FOD detection systems. 

Annex
ITU-R Study Group 7 
Current Recommendations and Reports Relevant to EESS (active)
ITU-R Reports:
RS.2068-2  “Current and Future Use of the Band 13.25-13.75 GHz by Spaceborne Active Sensors”
RS.2178  “The essential role and global importance of radio spectrum use for Earth observations and for related applications”
RS.2310 “Worst-case interference levels from mainlobe-to-mainlobe antenna coupling of systems operating in the radiolocation service into active sensor receivers operating in the Earth exploration-satellite service (active) in the 35.5-36.0 GHz band “
RS.2311 “Pulsed radio frequency signal impact measurements and possible mitigation techniques between Earth exploration-satellite service (active) systems and RNSS systems and networks in the band 1 215-1 300 MHz”
RS.2311 “Sharing analyses of wideband Earth exploration-satellite service (active) transmissions with stations in the radio determination service operating in the frequency bands 8 700-9 300 MHz and 9 900-10 500 MHz”
RS.2315 “Global survey of radio frequency interference levels observed by the Aquarius scatterometer at 1 260 MHz and Aquarius and soil moisture and ocean salinity radiometers at     1 413 MHz”
RS.2350 “Potential interference from the Earth exploration-satellite (active) spaceborne radars operating in the 1 215-1 300 MHz frequency band to the aeronautical radionavigation surveillance radar receivers in the 1 240-1 370 MHz frequency band”
RS.2455 “Preliminary results of sharing studies between a 45 MHz radar sounder and incumbent fixed, mobile, broadcasting and space research services operating in the 40-50 MHz frequency range”

RS.2456 “Space weather sensor systems using radio spectrum”  
ITU-R Recommendations:
RS.1859  “Use of remote sensing systems for data collection to be used in the event of natural disasters and similar emergencies”
RS.1883  “Use of remote sensing systems in the study of climate change and the effects thereof”
RS.2042  “Typical technical and operating characteristics for spaceborne radar sounder systems using the 40-50 MHz band”
RS.2043 “Characteristics of synthetic aperture radars operating in the Earth exploration-satellite service (active) around 9 600 MHz”
RS.2065 “Protection of space research service space-to-Earth links in the 8 400-8 450 MHz and 8 450-8 500 MHz bands from unwanted emissions of synthetic aperture radars operating in the Earth exploration-satellite service (active) around 9 600 MHz”
RS.2066 “Protection of the radio astronomy service in the frequency band 10.6-10.7 GHz from unwanted emissions of synthetic aperture radars operating in the Earth exploration-satellite service (active) around 9 600 MHz
RS.2105 “Typical technical and operational characteristics of Earth exploration-satellite service (active) systems using allocations between 432 MHz and 238 GHz”
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