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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

rgz-db > Large Millimeter Tele

Zone name *
Large Millime elescol W

Administration *
MEX

Date of RQZ establishment

Observatory MIFR id(s)

Frequency band(s) *

4-12 GHz; 74 - 111 GHz; 85 - 1155 GHz 125 - 183 GHz

scope (LMT)

142,86 GHz, 214.28 GHz, 272,72 GHz; 210 - 280 GHz; 250 -

300 GHz

Description =

The Large Millim t e S
Megra-Pico de nce
zone of a 100 k ect
operation. The ope

communication syste: t that an
Website: A


https://www.itu.int/en/ITU-R/study-groups/rsg7/rwp7d/Pages/rqz-db.aspx

Spectrum access for science — traditional approaches

Design experiments to mitigate interference

BILLIONS OF DEVICES
50

Regulatory protection

Move experiments to places where
spectrum is clean

Manually coordinate special access for ‘
individual experiments ™ ol INCEFTION

L]

0 ®
1988 1992 1996 2000 2004 2008 2012 2016

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




The big picture: A new spectrum era is coming

Spectrum eras end when stress builds to the point of a major failure
* Era 1from 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

e Era 3 from 1993: auctions of spectrum licenses

Era 3 is now under increasing stress

* Spectrum auctions
* Unlicensed bands noise floor rising, can’t do long-range or reliable loT

* Interference enforcement mostly impotent due to lack of resources and an increasingly dynamic environment

low-hanging fruit is gone, becoming excessively hard/expensive to meet demand

Era 3 failure likely in next 20-25 years, maybe sooner, e.g.

* Failure of a major auction to cover costs of moving incumbents

* Areallocation fight reaches a major deadlock, leaving no good options




Trend accelerating
many cellular bands about to open to satellite transmission

Band (Frequency) Fractional Loss Fractional Loss Changein
2014 2023 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%

Threatening trend for remote locations

RFI affected data for VLA in New Mexico, USA, grew significantly from 2014 to 2023

Observation times increase as
available bandwidth decreases

Total science return from telescopes
goes down

Time-domain and multi-messenger
astronomy becomes difficult

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




Agenda Item 1.7: ITU-R Resolution 256 (WRC-23)

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

NATIONAL +r
for the terrestrial component of IMT SPECTRUM X
STRATEGY *
Strategic Objective 1.2 | Ensure spectrum resources are available to support private sector *
innovation now and into the future IMPLEMENTATION
Qutcome 1.2(a): Adoption of study plans and schedules for completing in-depth studies PLAN | ‘
The Strategy identified the following spectrum bands for near-term, in-depth study to determine
whether they may be repurposed for non-Federal or shared Federal and non-Federal use: et ¥.
(1) 3.1-3.45 GHz; (2) 5030-5091 MHz; (3) 7.125-8.4 GHz; (4) 18.1-18.6 GHz; and (5) 37.0-37.6 GHz. KD
The study plans will be developed jointly by NTIA and the affected Federal agencies. The studies ::“‘:;S:;;:‘m o e *
will consider various typically employed spectrum management mechanisms to assess fully the R *
possibilities for expanded or more efficient uses of the spectrum. The study plans will be mutually * _
agreed to between NTIA and affected Federal agencies. The Appendix provides the approach to NTIA
band studies and details on adoption of study plans. It also lists the top-line schedule for *
completing studies of these spectrum bands. *




Timeline for U.S. Band Studies

Implementation

Plan

National e £024)

Spectrum NS5+ NSS+ NSS+ NSS+ NSS+ NSS+

Strategy 6 Months 12 Months 18 Months 24 Months 30 Months 36 Months

¢ 4 4 4 4 4 +—>
Nov 2023 May 2024 Nov 2024 May 2025 Nov 2025 May 2026 Nov 2026
-y 7125-8400 MHz
Request and Receive
Pipeline Funding Conduct In-depth Study and Draft Report
(approx 6 months)
Finalize
Report
< 2 Years >
Study
Plan 3100-3450 MHz
Request and Receive
Pipeline Funding Conduct In-depth Study and Draft Report
(approx 6 months)
Finalize
Report
« 2 Years >
37.0-37.6 GHz 5030-5091 MHz
Details TBD ] I Details TBD
18.1-18.6 GHz

Details TBD




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 NRAQO’s
Advanced Spectrum Monitors (ASM)

ASM-2 design

Receiver Panel Assembly

» Contains four highly-integrated FE
receiver module to cover: |-20,
18-30, 28-40, 38-50 GHz

* Solid State IF Multiplexer T

* Receiver monitoring and controls :

N 20-50 GHz RF
A w Prototype Sinuous Antenna Frontend Prototype




ASM-1 Field Tests WiFi /Bluetooth
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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
Zzw. McKinsey & Company




Coordination Agreements

NSF Coordination Agreement with SpaceX
e 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

Zone Avoidance
Downlink beam placement to
avoid radio telescopes

Boresight Avoidance
Momentarily disable downlink
(<3-5s) when close within a certain " EEE
telescope’s boresight threshold { ;7?:

- R sanaken 'IRGINIA
Zone of Avoidéfite el

8
Ku
| 10.7-10.95 [ 10.95-11.2 | 11.2-11.45 [ 1145117 | 11.7-11.95 | 11.95122 | 12.2-12.45 | 12.4512.7

: Available

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

NO downlink
Available

No downiink

P Slide credit: B. Nhan (NRAO)




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

GBT Testing of Boresight Avoidance: Nhan, B.; De Pree, C.; et al. (2024), ApJ Letters, Vol 971, issue 2

Prototype of Automated Coexistence Scheme

e Self-hosted by NRAO
 Currently reporting VLA&GBT

GBT
schedule

data

REST " APiprocess ) from observation scheduler
S API m‘ite ] [ API rgad | ?SEOSI-\I.I- Obsi:i:l‘t;:?;iedu ?SEC?I-\IJ- d ata b a S e
o T [ o proy * Queried by space operators
- 4 .
ResT l e Standardized data format
[ e ] and API specifications for

broader adoption

VLA
schedule

Current “Proof-of-concept” ODS
data

(v.helloworld.1)

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

Provides information of upcoming observations in an array of JSON objects for observtories participating in the project.

Response Description
2000 Successful Operation - Returns array of JSON objects with these attributes:
Attribute Type Format Example Description
Identifier of the observatory/instrument. In the example ' D' indicates VLA 'D'
site id string vla D configuration. The possible 'site id's for the VLA are: vla A, vla_A-to-D, vla D,
vla D-to-C, vla C, vla C-to-B, vla B, vla B-to-BnA, vla BnA, vla BnA-to-A,
site lat deg number decimal-degrees +/- DD.D 34.07874917 ||the latitude of the observatory/instrument
site lon deg number decimal-degrees +/- DDD.D -107.6177275 ||th|3 longitude of the observatory/instrument
site el m number decimal-meters 2124 the elevation of the observatory/instrument
src_id string J10564+7011 identifier of source/target observed during time interval
src_is pulsar bool boolean false true = src is a pulsar, false = src is not a pulsar
|Cnrr integ time sec number 3 correlator integration time in seconds (if 'src is pulsar bool'=false)
src_ra j2000 deg number decimal-degrees 70.88181332916666 right ascension of the source/target
Wh ere src_dec j2000 deg number decimal-degrees 34.685184469444444 declination of the source/target
src radius number decimal-degrees 0.0034 radius of beam around the source/target
src start utc string date-time 2023-08-16T15:23:47.000541 start time of this observing interval
Wh en src_end utc string date-time 2023-08-16T15:26:16.000723 [end time of this observing interval
slew sec number 130.8 |[the time taken for the array to reach the source (counted from 'src start utc')
trk rate dec deg per sec|number decimal-degrees per second 0 declination tracking rate of src (if not sideral)
trk rate ra deg per sec |number decimal-degrees per second 0 right ascension tracking rate of src (if not sideral)
Wh at freq lower hz number decimal-Hz 26000000000 lower limit frequency used during this interval

freq upper hz number decimal-Hz 40000000000 upper limit frequency used during this interval
notes string inAdv:True notes that add context to the data

404 Resource Not Available

5000 Internal Server Error

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



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

VLA ODS full-time avoidance activated by SpaceX

STARLINK task log over VLA (2024) VLA ODS log (2024)
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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

Frequency ranges under consideration for study: 698-960 MHz, 1427-1518 MHz,
1710-2200 MHz, 2300-2690 MHz.

PP B A L O 0L B SR L B AL
-140— i b . E
T F SR - FCC ADVANCES SUPPLEMENTAL COVERAGE FROM SPACE
I _ieo-. -.. | e FRAMEWORK
E _ ; v
= L ) P : // - New Rules Take Steps Toward a Single Network Future that Harnesses the Power of
m -180—5SCS500B~ KRaz — . . .
L - il T Satellites to Fill Wireless Coverage Gaps
[a] L e “RA.769 Table3  _|
& 200 e ~ . VLBI —
E F ‘ -
§ -220— —| Comparison of satellite (space-Earth) service levels, radio astronomy
= - _ -{| protection levels in Rec. ITU-R RA.769 and the National Radio Quiet Zone,
C g ~+ grwa o J| and the out of band emissions limit for SCS. Frequency ranges are shown
260 | . s e = schematically. Note the disparity between the power levels used for
L 11l 1 1 110l L1 hiin L 11 1 1 .
100 403 104 105 Supplemental Coverage from Space and those of other space services.
Frequency [MHz]

) Credit: Harvey Liszt (NRAO)




MIDLAND, TX., September 12, 2024 SpaceX/T_MobiIe USA
AST SpaceMobile Announces 1910-1915 MHz (Earth-to-space)
Successful Orbital Launch of Its First 1990-1995 MHz (space-to-Earth)

SpaceX &

[ [ [s] -

Five Commercial Satellites x

AT&T is working with AST SpaceMobile to one day offer voice, data, text and video services in SpaceX and have been given emergency special temporary
remote, off-grid locations. Learn more. authority by the to enable satellites with direct-to-cell

capability to provide coverage for cell phones in the affected areas of
Hurricane Helene.

08/28/2024 | Networks & Platforms | Building the future

Verizon teams up With sate“ite The satellites have already been enabled and started broadcasting

emergency alerts to cell phones on all networks in North Carolina. In
- = addition, we may test basic texting (SMS) capabilities for most cell
serVIce prOVIder SKVIO to phones on the T-Mobile network in North Carolina.
IaunCh d I reCt-tO'deVICe SpaceX’s direct-to-cell constellation has not been fully deployed, so all
- services will be delivered on a best-effort basis.
messaging for customers

1.9M

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!
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Observed satellite (ordered by NORAD ID)

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

Traditional approaches for scientific spectrum access are losing viability

Must change the current spectrum ecosystem
From dominantly exclusive static assignment to dominantly spectrum sharing

Demand for spectrum access is growing rapidly... Dynamic spectrum sharing is one key to meet these growing demands.
National Spectrum Strategy, Nov 13, 2023




Spectrum Sharing and NRDZ I NA

Dynamic Zone

Rethinking Concept of Coordination Zones N ,@\Z

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.

E‘State of research capabilities ‘E‘Desired innovation

‘1’ Experimental transmitters |1’ Legacy transmitters % Scientific receivers

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

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