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Current Protections and Tools for RAS
Coordination and Quiet Zones (excludes space applications)

e.g. National Radio Quiet Zone, PR Coordination Zone,  
Australian Radio Quiet Zone, Astronomy Advantage Area

ITU-R recently established Radio Quiet Zone Database

Frequency Allocations (mainly for spectral lines; <275 GHz) 
and Radio Regulations Footnotes (e.g. 5.149, 5.340, 5.565, US246)

1% of spectrum below 50 GHz are all emissions prohibited 
(for comparison 5G  14%)

8% below 100 GHz

Most of radio astronomy is performed in unprotected parts of the spectrum!
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https://www.itu.int/en/ITU-R/study-groups/rsg7/rwp7d/Pages/rqz-db.aspx


Spectrum access for science – traditional approaches
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Design experiments to mitigate interference

Regulatory protection

Move experiments to places where 
spectrum is clean

Manually coordinate special access for 
individual experiments

Demands for electromagnetic spectrum availability are 
increasing rapidly in an already-congested environment



Spectrum eras end when stress builds to the point of a major failure
• Era 1 from 1890s:  most powerful transmitter wins

• Failure in 1912:  congestion collapse of North Atlantic maritime radio communications

• Era 2 from 1927: government decides assignment of transmit frequencies 
• Failure in 1981:  licensing workload exceeded capacity of regulators to adjudicate

• Era 3 from 1993: auctions of spectrum licenses

Era 3 is now under increasing stress
• Spectrum auctions low-hanging fruit is gone, becoming excessively hard/expensive to meet demand
• Unlicensed bands noise floor rising, can’t do long-range or reliable IoT
• Interference enforcement mostly impotent due to lack of resources and an increasingly dynamic environment

Era 3 failure likely in next 20-25 years, maybe sooner, e.g.
• Failure of a major auction to cover costs of moving incumbents
• A reallocation fight reaches a major deadlock, leaving no good options

The big picture: A new spectrum era is coming
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Threatening trend for remote locations 
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RFI affected data for VLA in New Mexico, USA, grew significantly from 2014 to 2023

Trend accelerating
many cellular bands about to open to satellite transmission

Band (Frequency) Fractional Loss 
2014

Fractional Loss 
2023

Change in 
9 years

P-band (224-480 MHz) n/a 40% n/a

L-band (1-2 GHz) 23% 37% +61%

S-band (2-4 GHz) 32% 38% +19%

C-band (4-8 GHz) 10% 17% +70%

X-band (8-12 GHz) 6% 16% +167%

Ku-band (12-18 GHz) 9% 9% little change

K-band (18-26 GHz) 5% 8% +60%

Ka-band (26.5-40 GHz) < 1% < 1% no change

Q-band (40-50 GHz) < 1% < 1% no change

Total Fraction Loss (1-25 GHz) 10% 15% +50%

Analysis of data from the periodic VLA interference 
scans on NCP / Comparison in D configuration 
(worst-case)

Estimates derived by selecting a power threshold and 
counting bins where RFI exceeds that power level

Observation times increase as 
available bandwidth decreases

Total science return from telescopes 
goes down

Time-domain and multi-messenger 
astronomy becomes difficult



Agenda Item 1.7: ITU-R Resolution 256 (WRC-23)
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Sharing and compatibility studies and development of technical conditions for the use of 
International Mobile Telecommunications (IMT) in the frequency bands

• 4 400- 4 800 MHz, 
• 7 125-8 400 MHz (or parts thereof), 
• and 14.8-15.35 GHz 

for the terrestrial component of IMT



Timeline for U.S. Band Studies
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1. Perform Field Tests at VLA/VLBA Pie Town in collaboration with NTIA/ITS (Summer 2025)

2. Spectrum Usage Monitoring around Radio Astronomy Sites using NRAO’s 
Advanced Spectrum Monitors (ASM)

ASM-2 design

Credit: David Bordenave/NRAO/CDL 

Receiver Panel Assembly
• Contains four highly-integrated FE 

receiver module to cover: 1-20, 
18-30, 28-40, 38-50 GHz

• Solid State IF Multiplexer 
• Receiver monitoring and controls

Prototype Sinuous Antenna
20-50 GHz RF 
Frontend Prototype
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ASM-1 Field Tests WiFi /Bluetooth
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Credit: David Bordenave/NRAO/CDL 
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“The global space economy will grow from $630 billion in 2023 to $1.8 trillion by 2035, serving an
Increasingly connected and mobile world”  World Economy Forum; Inside Report April 2024 in partnership with 
McKinsey & Company



Coordination Agreements
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NSF Coordination Agreement with SpaceX
• 10.6-10.7 GHz coordination (2019)
• Darkening of Gen2 satellites (2022)
• Dynamic coordination with radio observatories (2023)
• Direct2Cell coordination

NSF Eutelsat/OneWeb Coordination Agreement (2023)

NSF working on coordination agreements with:
Amazon/Kuiper, AST/SpaceMobile, Planet Labs, …

FCC introduced license requirement to coordinate with NSF for LEO constellations
Will exclude satellite systems not requesting landing rights in U.S. (e.g. Chinese Qianfan)



Possible Coexistence Schemes
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Slide credit: B. Nhan (NRAO)

Zone Avoidance
Downlink beam placement to
avoid radio telescopes

Boresight Avoidance
Momentarily disable downlink
(<3-5s) when close within a certain
telescope’s boresight threshold

Frequency Avoidance
Only downlink at sub-bands not 
being used by the telescopes



Starlink collaboration benefit: protection for the
Very Long Baseline Array (VLBA) from user terminals
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VLBA

VLBA

VLA+VLBA

VLBA

VLBA

VLBA

Green Bank (NRQZ)

VLBA

Starlink availability map, April 2024:  https://www.starlink.com/map 



Operational Data Sharing (ODS)
GBT Testing of Boresight Avoidance: Nhan, B.; De Pree, C.; et al. (2024), ApJ Letters, Vol 971, issue 2
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• Self-hosted by NRAO
• Currently reporting VLA&GBT

from observation scheduler
database

• Queried by space operators
• Standardized data format

and API specifications for
broader adoption

Prototype of Automated Coexistence Scheme

Development by NRAO supported through NSF:
SII NRDZ: Dynamic Protection and Spectrum Monitoring for Radio Observatories (AST-2232159),
SWIFT-SAT: Observational Data Sharing (AST-2332422)

https://ui.adsabs.harvard.edu/abs/2024ApJ...971L..49N/abstract
https://www.nsf.gov/awardsearch/showAward?AWD_ID=2232159
https://www.nsf.gov/awardsearch/showAward?AWD_ID=2332422


ODS’s REST API JSON data format

17

Online documentation: https://obs.vla.nrao.edu/ods/

https://obs.vla.nrao.edu/ods/


VLA ODS full-time avoidance activated by SpaceX
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Boresight shutoff threshold = 0.2 degree beam_off = shut off downlink (DL) beam
beam_away = place DL beam far from VLA



Agenda Item 1.13: ITU-R Resolution 253 (WRC-23)
Studies on possible new allocations to the mobile-satellite service for direct connectivity 
between space stations and International Mobile Telecommunications (IMT) user 
equipment to complement terrestrial IMT network coverage
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Frequency ranges under consideration for study: 698-960 MHz, 1427-1518 MHz, 
1710-2200 MHz, 2300-2690 MHz.

Comparison of satellite (space-Earth) service levels, radio astronomy 
protection levels in Rec. ITU-R RA.769 and the National Radio Quiet Zone, 
and the out of band emissions limit for SCS. Frequency ranges are shown 
schematically. Note the disparity between the power levels used for 
Supplemental Coverage from Space and those of other space services.
Credit: Harvey Liszt (NRAO)



SpaceX/T-Mobile USA
1910-1915 MHz (Earth-to-space)
1990-1995 MHz (space-to-Earth)
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Testing/development of possible mitigation measures is needed!



Unintended electromagnetic radiation from Starlink satellites
Example of when radio astronomers identify a problem; 

can only solve through collaboration with Starlink, without antagonizing!

21

Di Vruno, F. et al. 2023, Astronomy & Astrophysics, Volume 676, id.A75
Bassa, C.G. et al. 2024, Astronomy & Astrophysics, Volume 689, id.L10

https://ui.adsabs.harvard.edu/abs/2023A%26A...676A..75D/abstract
https://ui.adsabs.harvard.edu/abs/2024A%26A...689L..10B/abstract


Fundamental change is needed

Demand for spectrum access is growing rapidly… Dynamic spectrum sharing is one key to meet these growing demands.
National Spectrum Strategy, Nov 13, 2023
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Traditional approaches for scientific spectrum access are losing viability
Must change the current spectrum ecosystem

From dominantly exclusive static assignment to dominantly spectrum sharing



Rethinking Concept of Coordination Zones
Spectrum Sharing and NRDZ
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U.S. Commercial Prototype: 
The Citizens Broadband Radio Service (CBRS) 150 MHz (3.55 – 3.70 GHz) 
of spectrum made available for commercial broadband use on a shared basis 
with the federal government.

Concept of Radio Dynamic Zones
CHIPS Articles: National Radio Quiet and Dynamic Zones

https://www.doncio.navy.mil/(g03wv0zx42oxibud3fxp2iqp)/CHIPS/ArticleDetails.aspx?ID=10299


Summary
Problem
• The radio spectrum is becoming more efficiently used, i.e. more congested
• Existing regulatory schemes are under pressure
• Remote areas are not immune due to increased spectrum use and density by satellite services

Possible Solutions
• Coordinate with system operators to reduce impact on radio telescopes

• Spectrum Monitoring / Awareness
• Operational Data Sharing -> Extend to ATA, VLBA, include Amazon/Kuiper in testing -> other observatories?

• Develop and design concepts/standards for dynamic spectrum sharing of active and passive 
services in defined geographic areas

• Consider spectrum access when operating and designing radio telescopes
• Define new regulatory concepts

Opportunity to lead concepts for spectrum co-existence and to regain lost spectrum access
There is almost always a technical solution (it might take time and be expensive)
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