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	Summary: 

	The European Space Agency (ESA) is initiating a program which will address space-based monitoring of radio emissions and the combined use of ground-based and space-based monitoring. The final objective is to improve the effectiveness of radio monitoring services by adding the benefits of the high coverage range and constant observations from space in combination with existing ground-based monitoring tools. Germany is supporting this program. To determine and test specific use cases for space-based monitoring, the ESA is seeking cooperation with Administrations interested in this programme.
A questionnaire has been developed that asks for the Administration’s views on the subject.

	Proposal:

	FM22 Administrations that are interested in supporting the initial phase of the programme are invited to respond to the questionnaire that is sent out to the FM22 e-mail reflector.

	Background:

	[bookmark: _Hlk192757185]With document FM22(24)49, the ESA presented their initiative to support ground-based monitoring with monitoring from space. Several operators already have satellites in orbit that are equipped with broadband receivers. What is needed in the next phase are concrete use-cases and practical tests of the capabilities of space-based monitoring. 





Introduction
The European Space Agency (ESA) is initiating a program for space-based monitoring of radio emissions and the combined use of ground-based and space-based monitoring. The program is currently called “CleanWaves”.
The aim is to improve the effectiveness of radio monitoring services by adding the benefits of the high coverage range, geo-location possibilities and constant observations from space, in the end leading to a more efficient spectrum utilisation.
With document FM22(24)49, the ESA presented their initiative to support ground-based monitoring with monitoring from space at the 62nd FM22 meeting in October 2024 in Vienna. 
Current situation
Several operators already have satellites in different orbits that are equipped with broadband SDR receivers. The frequency range covered is 100 MHz to 26 GHz. 
The result of an initial link budget calculation is that an emitter with at least 30 dBm (1 W) EIRP on the ground could be detected.
Geo-location of emitters can be performed using different technologies such as Doppler shift, AoA, FDOA and TDOA. Some of those satellites are flying in formation.
Several use-cases have already been identified where space-based monitoring may improve the overall performance of radio monitoring in general.
advantages of space-based monitoring
The following is a non-exhaustive list of possibilities and advantages of satellites that are equipped with broadband receivers compared to pure ground-based monitoring.
Larger coverage area and remote regions
Satellites in all orbits (LEO, MEO and GEO) provide at least a nation-wide radio coverage, while ground-based monitoring, especially from mobile monitoring stations suffers from a very limited coverage area. Satellites can receive emissions from very remote areas, deserts and the open sea where no ground-based monitoring is available.
High sensitivity
Receivers suitable for ground-based monitoring must be constructed to withstand high signal levels on other than the wanted frequency in order to avoid overloading. Their design is therefore always a compromise between sensitivity and immunity against strong signals. In the absence of strong signals in space, receivers onboard of satellites, however, can be optimized for sensitivity with very low-noise amplifiers.
Regions with additional propagation losses due to clutter and shading are greatly reduced as satellites have a wide angle range with line-of sight to transmitters. In these situations, the loss of signal level is only 20 dB per distance decade which in practice often compensates for the higher distance to the target emitter.
Constant and/or long-Term observation
Satellites in geostationary orbits could support to monitor the spectrum continuously. Existing in-orbit low earth orbits satellites can currently make repeated snapshots of the RF situation underneath them, resulting in a full area coverage after several turns. If they are combined to a whole group formation of satellites, they may even provide a (near) gapless monitoring of the spectrum in a certain area or provide additional location information.
Long-term ground-based monitoring is always restricted to the area surrounded by the measurement location. 
Synergy between ground-based and space-based monitoring
Currently, the possible synergy between ground-based and satellite-based monitoring is not yet explored. The fact that one can “look up” and “look down” at the same time to do e.g. RFI detection or spectrum occupancy measurements is expected to bring advantages.
Uplink transmission monitoring
While current ground-based monitoring equipment can be used to monitor transmissions from terrestrial and satellite emitters, space-based monitoring can also monitor emissions towards other satellites. For example, emissions of IoT sensors towards some of the in-orbit IoT satellite constellations around 400 MHz or 2 GHz MSS bands can be efficiently monitored using space-based monitoring equipment. Similarly, transmissions from a highly directive Ku-band VSAT terminals will be difficult to monitor from ground.
SHort-term activies of ESA

As a preparation of the CleanWaves programme, ESA is prepared to fund three initial projects to investigate the capabilities and practical benefits of space-based monitoring. The three initial activities (about 3.5 MEuro of total value) will consist of:
· Using the satellites which are currently already in-orbit, to enhance current geolocation capabilities, 
· Investigation and demonstrating the synergy between ground-based and space-based monitoring and geolocation, 
· Demonstrate several use cases in which the combination of ground- and space-based measurements leads to more efficient spectrum usage.

These activities will be competitively tendered with European industry. 

One of the target groups are the monitoring services of Administrations. 
The first stage is to identify use-cases (situations or measurement tasks) where Administrations could possibly benefit from space-based monitoring. The questionnaire in Annex 1 is designed to gather information from interested Administrations.

In general, we think satellite-based monitoring can provide added value in the following domains:
· Contributing to the geo-location of an interferer in the frequency range 100 MHz to 26 GHz
· Long-term observation of a specific frequency channel/band to detect on- and off-times of signals of interest (e. g. an interfering signal)
· Occupancy measurements covering a large area or even the whole country

For selected use cases, details on the assumptions and expectations are defined. One example is given below.
· Use case: Interference to a weather radar
· Frequency range: 5300 to 5700 MHz
· Assumed e.i.r.p. of transmitters: 25 dBm
· Bandwidth of transmitters: 20 to 80 MHz
· Characteristics of signal: Pulses of several µs duration with pauses as long as 200 µs

The ESA may organize a (online) meeting with interested Administrations to discuss the use-cases and harmonize the results of the questionnaire.
The ESA will then issue a tender with the description of selected use-cases and ask satellite operators/companies to submit offers where they think they can solve these cases with their existing assets in space. This will be regarded as a test phase and is aimed to determine which of the defined use-cases can actually be covered with existing satellite assets. 
During this phase, also test scenarios will be conducted where Administrations interested in participating in this programme place test transmitters at known locations and the satellite operators try to determine and locate the emission. In addition, real cases that are currently in the focus of an Administration can be used to see whether the satellite operator can solve the case. For this, the respective Administration will provide all necessary details on the case to the ESA and the satellite operator, such as in the following example.

Use case:	Interference to a weather radar
Victim information
· Location or area of interference: xx°xx’xx”N, xx°xx’xx”E
· Frequency:	5620 MHz
· Bandwidth:	2 MHz

Information on interferer
· Frequency:	5620 MHz
· Bandwidth:	20 MHz
· Bearing:	133° from weather radar
· Time/period:	Pulsed signal, present continuously since 01.02.2025

Expected result:	Geo-location of interferer

Experiences gained during the test phase will then be used to define the necessary monitoring capabilities of any future space-based capabilities in order to satisfy selected use-cases that are found to be most promising and/or beneficial. This includes 
· properties of the receiver such as frequency range, bandwidth, measurement/scan time, noise figure
· properties of the antenna such as directivity and gain
· properties of the satellite system such as orbits, single or groups of satellites, revisit times
Existing broadband receiving systems onboard satellites are not tailored to fulfil the needs of monitoring services and will probably not be able to cover all defined use-cases. However, it is hoped that the industry may develop and launch suitable systems in the future if they see a business perspective, which greatly depends on the interest of Administrations.
Outlook
The results of the activities described above will be presented at FM22. If Administrations see a real benefit from space-based monitoring, the ESA may help to set-up a regular service with an operator that can be used for selected monitoring tasks or in specific interference cases.


Annex: Questionnaire on satellite-based monitoring
Administrations are invited to fill in the questionnaire and send their replies to Ansgar.Schoening@BNetzA.de by xx 2025.
General information
Country:	
Administration:	
Contact person:	
E-Mail address:	

Questions
1. Does your Administration in general see possible benefits in satellite-based monitoring?
	Yes □	No □ 

2. Did your Administration already enquire about the capabilities that some emerging satellite-based monitoring providers offer? 
	Yes □	No □ 
3. If so, did the Administration already use some of the data supplied by satellite-monitoring providers

	Yes □	No □

4. Would your Administration be willing to participate in the test programme described in the document?
	Yes □	No □ 

If “Yes”, could you indicate in what manner you would like to participate (i.e. specific use cases, evaluating results) 

	

	

	

	


5. If space-based monitoring experiments take place which require some complementary ground-based monitoring, would your Administration be willing to provide data from ground-based monitoring facilities?

	Yes □	No □ 



6. Would you be interested in participating in a one-day (online) meeting/workshop organized by ESA on this programme?
Yes □	No □ 

7. How would you rank the importance of, or benefits from satellite-based monitoring for the following use-cases on a scale from 0 to 10? 
0 means: no benefits or we think it is not possible that satellite-based monitoring can serve in this case, 10 means: very important issue and we could imagine that satellite-based monitoring provides very valuable support
Geo-location of interferers on the ground:	□	 
Long-term observation of a frequency band/channel:	□	 
Large area occupancy measurements:	□
Measurement of satellite uplinks:	□
	

8. For which other use-cases or measurement tasks could you imagine that satellite-based monitoring can provide valuable support?
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