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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 2019 (WRC-19) .  agenda items involving EESS (active) include AI 1.11, AI 1.16, and AI 10. 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-19 Agenda Items 1.11, 1.16, and 10
2. WRC-19 agenda item 1.11
This agenda item is concerned with identifying global or regional harmonized frequency bands in order to the implementation of railway radiocommunication systems between train and trackside (RSTT) within existing mobile service allocations.  In response to liaisons from WP 7C, Working Party 5A has begun work on a Report which will provide results of sharing and compatibility studies between high-speed RSTT operating in the bands 92-94 GHz, 94.1 100 GHz and 102-109.5 GHz, and active and passive services operating in these or adjacent bands.  The EESS (active) cloud profile radar (CPR) operate within the 94.0-94.1 GHz frequency band and would be most affected by OOB emissions of proposed RSTT systems in the adjacent frequency bands 92-94 GHz and 94.1-100 GHz.  Working Party 7C has begun work on a PDN Report which evaluates the impact of the potential RSTT system OOB emissions on CPR operating in the 94.0-94.1 GHz frequency band.
3. WRC-19 agenda item 1.16
[bookmark: _GoBack]This agenda item calls for the ITU-R to perform sharing and compatibility studies between WAS/RLAN applications and incumbent services in the frequency bands 5 150-5 350 MHz, 5 350-5 470 MHz, 5 725 5 850 MHz and 5 850-5 925 MHz while ensuring the protection of incumbent services including their current and planned use, to consider enabling outdoor WAS/RLAN operations in the band 5 150-5 350 MHz, and potential mobile service allocations to accommodate WAS/RLAN operations in the 5 350 5 470 MHz and 5 725 5 850 MHz frequency ranges, and identify potential WAS/RLAN use in 5 850 5 925 MHz frequency range. Working Party 5A is the responsible party for this agenda item.
The 5 250-5 570 MHz portion of the band is allocated worldwide on a primary basis to the EESS (active) and SRS (active) services. Currently, the 5 350-5 470 MHz portion of that frequency range does not have an allocation to the mobile service. At this time, only one method has been proposed to satisfy the agenda item in the 5 350-5 470 MHz frequency range; NOC.
4. WRC-19 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 identify possible agenda items for future conferences, in accordance with Article 7 of the Convention.
4.1. WRC-23 preliminary agenda item 2.2, Resolution 656 (WRC-15), is to consider the results of studies on spectrum needs for a possible new allocation to the Earth exploration-satellite (active) service for spaceborne radar sounders within the range of frequencies around 45 MHz. Working Party 7C is conducting studies on spectrum needs and sharing studies between the Earth exploration satellite (active) service and the incumbent radiolocation, fixed, mobile, broadcasting and space research services in the 40-50 MHz frequency range.  WP 7C is providing the summary of results for the CPM text section concerning this preliminary agenda item.  Administrations or Regional Groups would need to submit proposals to the CPM-2 Meeting or WRC-19 to reaffirm this agenda item.
4.2. WRC-23 preliminary agenda item 2.3, Resolution 657 (WRC-15), is to consider regulatory provisions necessary to provide protection to space weather sensors operating in the appropriately designated radio service that is to be determined during ITU-R studies. WP 7C is to document, in time for WRC-19, the technical and operational characteristics of spaceweather sensors and determine the appropriate radio service designations for space weather sensors. WP 7C is providing the summary of results for the CPM text section concerning this preliminary agenda item.  Administrations or Regional Groups would need to submit proposals to the CPM-2 Meeting or WRC-19 to reaffirm this agenda item.
ITU-R Working Party 7C
5. During this 2017-2019 Study Cycle, the work concerning active sensors has involved the following which are annexes to the WP 7C Chairman’s Report:
5.1. Preliminary Draft New Report ITU-R [EESS_SAR-RNSS], “Evaluation of interference from EESS (active) SARs operating in the 1215-1300 MHz frequency range into RNSS receivers” (Annex 7). The annexes to the PDNR provide examples of applying acceptable noise floor degradation criteria and interference evaluation methodologies of the relevant M-series to evaluate interference caused by EESS (active) SARs to RNSS receivers in the 1 215 – 1 300 MHz frequency range.  The work in progressing this PDNR is fairly mature and may be elevated to DNR status in the coming year.
5.2. Preliminary Draft New Report ITU-R [EESS_SCAT-RNSS], “Evaluation of interference from EESS (active) scatterometers operating in the 1215-1300 MHz frequency range into RNSS receivers”- Studies to evaluate interference from EESS (active) scatterometers operating in the 1215-1300 MHz frequency range into RNSS receivers. This work is in stasis as there are have been no contributions submitted in the past year to advance this work.
5.3. Preliminary draft new Report ITU-R RS.[EESS-RNSS] – Dynamic simulation results of aggregate RFI from ALOS-2 SAR and SMAP scatterometer on the SBAS ground reference receiver operating in the 1 215‑1 300 MHz frequency band (Doc. 147, Annex 7) This work is in stasis as there are have been no contributions submitted in the past year to advance this work.
5.4. Preliminary Draft New Report ITU-R [SPACE-WEATHER_SENSORS], “Technical and Operational Characteristics of RF-Based Space weather Sensors” (Annex 5 Revision 1). Studies to summarize the typical technical and operational characteristics of space weather sensors.  This work is being done in support of the preliminary WRC-23 agenda item 2.3 which would seek to examine the regulatory status needed, if any, for the protection of Space Weather applications.
5.5. Preliminary Draft Revised Recommendation ITU-R RS.2042 “Typical technical and operating characteristics for spaceborne radar sounder systems using the 40-50 MHz band”(Doc. 7C/147, Annex 5). This work is being done in support of the preliminary WRC-23 agenda item 2.2 which would seek an allocation to the EESS (active) in the 40-50 MHz frequency range to allow the operation of a spaceborne radar sounder for remote measurements of subsurface scattering layers to locate water/ice deposits. The mission scientific objectives of such a spaceborne radar sounder would be to understand 1) the global thickness, inner structure, and the thermal stability of the Earth’s ice sheets such as in Greenland and Antarctica as an observable parameter of earth climate evolution, and 2) the occurrence, distribution and dynamics of the earth fossil aquifers in desertic environments such as northern Africa and the Arabian peninsula as key elements in understanding recent paleoclimatic changes.
The revision of the Recommendation will include updated system and operational specifications that will be used to conduct sharing studies between Earth exploration-satellite (active) service and the fixed, mobile, broadcasting, radio astronomy, amateur, space research and oceanographic radar services in the 40-50 MHz frequency range.
5.6. Preliminary Draft New Report “Preliminary results of compatibility studies between a 45 MHz Radar Sounder and incumbent fixed, mobile, broadcasting, and space research services operating in the 40-50 MHz frequency range” (Annex 6). This work is also being done in support of the preliminary WRC-23 agenda item 2.2. The PDNRep contains the preliminary compatibility analyses which assess the impact of the spaceborne 45 MHz Radar Sounder described in PNDR RS.2042 on incumbent fixed, mobile, broadcasting, and space research services operating in the 40-50 MHz frequency range. 
Preliminary results in a majority of the scenarios investigated indicate that compatibility can be achieved between the proposed spaceborne radar sounder and the incumbents.
5.7. Preliminary Draft Revised Recommendation ITU-R RS.1166-4 “Performance and interference criteria for active spaceborne sensors” (Annex 4).  This PDRR proposes revisions to the Recommendation updating the performance and interference criteria for spaceborne active sensors in the bands allocated to the EESS (active).  The work in reviewing, revising, and updating the content of the Recommendation is expected to take at least another year.
5.8. Preliminary Draft New Report ITU-R RS.[RSTT_OOB] – “Analysis of potential OOB interference to a spaceborne cloud profile radar in the 94.0-94.1 GHz band from RSTT systems in adjacent bands” (Annex 8). Preliminary calculations are performed of the attenuation needed to be applied to out-of band (OOB) emission levels from the railway RSTT systems in order for them to not exceed the EESS (active) interference protection criteria levels.
The compatibility study is performed in response to World Radio Conference (WRC)-19 agenda item 1.11, Resolution 236 (WRC-15), which addresses the need for harmonized frequency bands for use by railway RSTT.
5.9. PLANNED NEW WORK FOR ITU-R WP 7C MAY 2018 MEETING
Preliminary Draft New Report ITU-R RS.[FOD_IN-BAND] “Analysis of potential in-band interference to a spaceborne cloud profile radar in the 94.0-94.1 GHz band from FOD detection systems in the Fixed Service” which contains studies regarding the potential of in-band interference from Foreign Object Debris (FOD) detection systems into EESS (active) systems operating in the 94.0-94.1 GHz frequency band.
Document 5B/411 Annex 19, “Working Document towards a PDN Report ITU-R M.[FOD 92-100 GHZ] provides technical and operational characteristics of the FOD detection systems operating in the frequency band 92-100 GHz.
ITU-R Study Group 7
6. Study Group 7 met on 4 and 12 April, 2017 and considered a number of draft Reports and draft Recommendations; both new and revised which were relevant to active sensing.
6.1. Revised Report ITU-R 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 35.5-36 GHz band.  Several typical EESS (active) systems and a typical RLS system at 35 GHz are presented and the potential interference from RLS into the EESS (active) receivers at 35.5-36.0 GHz is analyzed statically and dynamically for worst case conditions of mainlobe-to-mainlobe coupling.  A study was added to analyze the RFI from a very powerful MMW radar into the InSAR. 
6.2. New Recommendation ITU-R RS.2105– Typical technical and operational characteristics of Earth exploration-satellite service (active) systems using allocations between 432 MHz and 238 GHz.  Typical technical and operational characteristics are given for EESS (active) systems in bands between 432 MHz and 238 GHz to support sharing studies with other services.
6.3. Revised Recommendation ITU-R RS.1260: Feasibility of sharing between active spaceborne sensors and other services in the range 420-470 MHz - this Recommendation presents technical and operational constraints on EESS (active) systems operating in the 420-470 MHz frequency band, including the restriction of not operating within view of the terrestrial space object tracking radars without detailed analysis on a case-by-case basis.  Recommendation reflects the decommissioning of with an update to Annex 1, Table 2 “Space object tracking radars operating in 430-440 MHz” and Annex 1, Figure 1 “Example of exclusion zone around space object tracking radars for a SAR in a 550 km orbit”.
Other Active Sensing Issues raised at SFCG-37
7. Other items affecting active remote sensing spectrum that were addressed at the Space Frequency Coordination Group (SFCG) meeting held in Montreal, Canada, 6-13 September 2017.
7.1. NI-SAR RFI to ARNS/RLS and RNSS Systems in 1215-1300 MHz Band –NASA presented a preliminary analysis of the interference levels from the NASA-ISRO SAR (NI-SAR) L-band radar to radars in the aeronautical radionavigation service (ARNS) and the radiolocation service (RLS) and RNSS receiver systems in the 1215-1300 MHz band.  This information was integrated into the updated Report SFCG-33-1R1 (EESS-ARNS) and Report SFCG-32-2R1 (EESS-RNSS).
7.2. Survivability Analysis for EESS (active) Systems- NASA presented worst-case RF interference levels into EESS (active) sensors for EESS (active) frequency bands from 432 MHz to 238 GHz. SFCG Report SFCG-37-1 was adopted to include the highest e.i.r.p. of RFI sources in the EESS (active) frequency bands, as well as including worst-case RFI analyses reported in previous SFCG contributions (SF36-12/D and SF26-15/D).
7.3. EESS (active) OOB Emissions- NASA presented the results of measurements of the NASA Raincube precipitation radar emissions spectra and show the mask with the -20 dB/ decade roll-off from the -40 dB bandwidth. The updated Report SFCG 31-1R3 was adopted which incorporated these measurements.


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”
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”
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