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Presenter
Presentation Notes
Note: CORF is unique insofar as it considers both RAS and EESS. Many of the passive bands are allocated to RAS/EESS/SRS. Working together makes us stronger. However, important to consider impact on EESS for changes to RAS allocations and vice versa.Asked to speak regarding radio regulations, to provide context for radio astronomy efforts and to provide ideas for optical/IR efforts. Note that current and recent CORF members submitted a white paper to Astro2020. Some of the ideas from that white paper are included in this talk.Background Earth photograph by ISS astronaut Ron Garan.Background VLA photograph by Andrew Clegg (NSF): https://www.nsf.gov/news/mmg/media/images/NRAO_ears_h.jpgBackground GPM image from NASA : https://www.nasa.gov/mission_pages/GPM/overview/index.html
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Spectrum Management and 
Policy

• Radio spectrum shared between commercial, 
governmental, and scientific uses.

• Currently, radio regulations cover frequencies from 
8.3 kHz to 275 GHz and are both international (ITU) 
and domestic (e.g., FCC).
v Radio spectrum defined as 0 – 3000 GHz.
v IAU identified preferred bands for science below 3 THz.

• Increasing commercial demand/usage for radio 
frequencies due to recent advances in 
telecommunications technology.

• Increased need for spectral sharing and coordination.
v However, issues with implementation of coordination 

agreements.
v It is difficult to reverse regulations and recover spectrum 

when passive services are negatively impacted.

Presenter
Presentation Notes
Big picture spectrum management and concerns for radio astronomy.
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Domestic Regulatory 
Framework

• Responsibility for regulation and management of 
spectrum in the US is split:
v NTIA: Federal Government spectrum and users.
v FCC: Regulates all other users.
v US Congress: creates statutory framework, can set 

policies through legislation.
• Assignment vs Allocation of spectrum
v Allocation: set aside specific bands of the spectrum 

generally for certain specific uses/services.
v Assignment: designating a specific frequency band 

for use by a specific party in a specific location.

Presenter
Presentation Notes
NTIA: National Telecommunications and Information Administration (Regulations in the NTIA Redbook)FCC: Federal Communications Commission (Regulations in the FCC Rules)FCC runs spectrum auctions that generate $$ for US TreasuryExamples of Congress: MOBILE NOW act (Making Opportunities for Broadband Investment and Limiting Excessive and Needless Obstacles to Wireless). FCC and NTIA work together to identify 255 MHz of spectrum below 6 GHz for allocation and assignment for mobile and fixed broadband use, at least 100 MHz of which must be made available for unlicensed use. Reports regarding shared use of 3.1-3.6 GHz and 3.7-4.2 GHz. Reports regarding impact on federal spectrum in 31-33, 71-76, and 81-86 GHz if shared with commercial use.  NPRM on rules for mobile/fixed terrestrial services at 24, 25, 31-33, 42, 71-76, and 81-86 GHz.
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US Radio Frequency Allocations

Presenter
Presentation Notes
Most frequency allocations are shared.
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RAS Allocations – Part 1
• US Table of Frequency Allocations
v Primary Allocations: entitled to protection from 

harmful interference from any other service.
v Secondary Allocations: cannot claim protection from 

harmful interference from stations of a primary service 
to which frequencies are already assigned, but can 
claim protection from harmful interference of other 
secondary services.
v Footnotes

• US246: “No station shall be authorized to transmit in the 
following bands”

• US342: “…all practicable steps shall be taken to protect the 
radio astronomy service from harmful interference. 
Emissions from spaceborne or airborne stations can be 
particularly serious sources of interference to the radio 
astronomy service…”

Presenter
Presentation Notes
These allocations give us a seat at the table in regards to protection of passive services. HOWEVER, as a passive service, we cannot cause interference with other services. Therefore, radio astronomers do not usually confine themselves to observations at only these frequencies. This can cause complications when speaking with other users of the radio spectrum (and with the FCC), as what we call radio frequency interference (RFI) is often spectrum that has been allocated to other users.
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Example RAS Allocations: 
L-band

science.nrao.edu/facilities/vla/observing/RFI

L-band
VLA
April 2020

US342
RAS
US342US342

RAS
US246

Satellites 
(INMARSAT, 
GPS, 
GLONASS, 
Iridium)

Satellites 
(GPS, 
GLONASS)

Aeronautical 
DME

PCS Cell 
Phone

Presenter
Presentation Notes
https://science.nrao.edu/facilities/vla/observing/RFI/April%202020%20C-configuration/L-Band_spectra_202004C1300-1350 MHz RR 5.1491350-1400 MHz RR 5.1491400-1427 MHz EESS(passive)/RAS/SRS(passive) 5.3401400-1727 MHZ RR 5.341 Search for Extraterrestrial Intelligence (SETI) 1610.6-1613.8 MHz RAS also RR 5.1491660-1670 MHz RAS also RR 5.149 1718.8-1722.2 MHz RR 5.149Note problem with Iridium for 1610.6-1613.8 MHz
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RAS Allocations – Part 2

• Radio Astronomy is allocated less than 1.5% of 
the radio spectrum below 5 GHz
v 1.25% is US246 (RR 5.340).
v 5.43% includes above plus US342 bands (RR 5.149).

• Radio Astronomy is allocated 29% below 94 GHz
v 9.6% is US246 (RR 5.340).

• Radio Astronomy is allocated more than 65% of 
radio spectrum between 95 – 275 GHz 
v 18.43% of 95 – 275 GHz is US246 (RR 5.340).

• No allocations above 275 GHz
v RAS interests in 58.2% of 275 – 1000 GHz are noted 

in US565 (RR 5.565).

Presenter
Presentation Notes
As noted before, these limited allocations at low frequencies give us a seat at the table for further discussions. The allocations above 95 GHz are now under attack. It is difficult to justify protection when there are very few US observatories operating at these frequencies. Nonetheless, since technology knows no borders, we need to continue to protect these frequency bands in the US to protect US-funded projects that are located in other countries.
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Radio Quiet Zones
• National Radio Quiet Zone (NRQZ) in WV
v Established in 1958; 13,000 square miles.
v Typically, applicants coordinate with the GBO

prior to filing with the FCC.
• West Virginia Radio Astronomy Zone
v Established by WV Legislature.
v 315 square miles (10 mile radius).
v Applies to any electrical equipment that causes RFI. 

• Puerto Rico Coordination Zone (PRCZ)
v For new or modified stations below 15 GHz at permanent 

fixed locations on the islands of Puerto Rico, 
Desecheo, Mona, Vieques, and Culebra.
v Notification at least 20 days in advance 

of applicant’s planned operation.
v Requires reasonable efforts to protect 

Arecibo Observatory from interference.

Presenter
Presentation Notes
Geographical separation is a powerful way to protect radio astronomy facilities. HOWEVER, no protection from airborne and satellite emissions. Also, Internet-of-things: people don’t know that their personal possessions transmit. Also, outside the quiet zone, transmitters are increasing their power and are becoming visible to the GBT.
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Spectrum Management and 
Policy

Presenter
Presentation Notes
Spectrum management is complicated, with lots of moving parts. CORF is primarily FCC-facing.
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Domestic Process

• Spectrum Management by NTIA
v Interdepartment Radio Advisory Committee (IRAC)

• Representatives from 19 federal agencies, including NSF 
and NASA.

• Coordinates assignment of frequencies to US agencies.
• Provides feedback to FCC on FCC rulemakings.
• Reviews requests by non-government entities to use 

government spectrum.

• Spectrum Management by the FCC
v Regulates interstate and international communi-

cations in the US.
v FCC regulates spectrum through policies and rules

contained in Orders.

Presenter
Presentation Notes
NSF can raise potential issues before FCC notices of proposed rulemakings are published for public comment. Strong voices at NSF can make a huge difference. However, the workload is significant – there is an opportunity here to provide further spectrum management training to the community by making NSF rotator assignments to the ESM group. Note, however, that long term relationships are key to successful spectrum management, so increasing the number of people on long-term ESM appointments at the NSF is also important.
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FCC Rulemaking

• FCC Rules – sections 0-101 of Title 47 of the US 
Code of Federal Regulations (CFR)

• Rulemaking Process:
v The FCC issues a Notice of Proposed Rulemaking.
v Public Comments through the Electronic Comment 

Filing System (ECFS).
• NAS’ Committee on Radio Frequencies (CORF) often files 

comments on NPRMs relevant to Radio Astronomy and 
Earth Remote Sensing.

• NRAO’s spectrum manager (currently Harvey Liszt) often 
files comments.

v FCC issues an Order containing new/modified rules.
v Parties may seek waivers from rules.

Presenter
Presentation Notes
Considerations for Comments: 1) sharing/compatibility; 2) out-of-band emission (guard bands); 3) harmonics. Protect US246 and US342 bands from direct transmission. In general, use ITU-R RA.769 for threshold levels of harmful interference. Often require geographic exclusion zones for RAS.We need more voices in the process. However, keeping track of the NPRMs is a full time job. CORF has a telecommunications lawyer that monitors FCC actions and assists in the writing of Comments. Participation by the other observatories (ARO, OVRO, Haystack, SMA, Arecibo, etc.) would be beneficial, but requires staff (funding!) to do so.
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Licensed and Unlicensed
• Licensed
v Authorization for specific user/frequencies/locations.
v Typically exclusive use by 1 licensee w/in those 

parameters.
v Licensees entitled to level of protection from interference.
v RAS can often share with licensed applications since 

geographic shielding can be used to protect RAS facilities.
• Unlicensed (e.g., wi-fi, internet-of-things)
v Multiple users for a frequency.
v Shared use.
v Users have limited protection from interference but 

required to protect other licensed services.
v Very difficult to identify source of RFI from unlicensed 

devices; people often don’t realized their possessions are 
transmitting.

Presenter
Presentation Notes
Can often work well with licensed applications since geographic shielding can be used to protect RAS facilities.  Prefer FSS uplinks in adjacent frequency bands to protect RAS from downlinks.Proliferation of unlicensed devices will increase RFI at radio astronomy facilities. People often don’t realize that their possessions are transmitting. Also very challenging to identify source of RFI from unlicensed devices.
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Satellites and High Altitude 
Platforms (HAPS)

• Airborne and satellite services have always been 
problematic for radio astronomy
v Geostationary satellites block access to the sky in a belt 

centered on the geostationary orbit.
v Non-geostationary satellite (NGSO) systems are now 

being deployed with tens of thousands of satellites in mega-
constellations with multiple satellites above the radio 
horizon at all times.
v High Altitude Platforms will also have several stations 

visible at all times.
• Coordination Agreements
v Dedicated transmission-free times for geographical areas 

around radio observatories, negotiated via the NSF 
electromagnetic spectrum management group.
v These will be particularly challenging in the era of mega-

satellite constellations.

Presenter
Presentation Notes
Ashley will speak to coordination agreements in her talk.
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International Regulatory 
Framework

• International Telecommunications Union (ITU)
v Founded in 1865 as International Telegraph Union.
v Renamed in 1932; Part of the UN system in 1947.
v Maintains the International Radio Regulations.

• Updated at each World Radiocommunication Conference.
• Encompasses allocations and service/coordination rules.

v Three sectors (Radiocommunication; Telecommuni-
cation; Development).
v 193 Member states, more than 700 member entities.

• US delegations are comprised of representatives from 
government and industry who have worked within the US 
system prior to the ITU-R meetings. The US position is 
determined in advance.

• IUCAF is a non-voting member.

Presenter
Presentation Notes
Note that scientists can be on US delegations, but must represent the US position, not their own. Thus, best to work within the US system in advance to help set the US position to be favorable to science.IUCAF = Scientific Committee on Frequency Allocations for Radio Astronomy and Space Science; operates under auspices of the International Council for Science
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International Process
• World Radiocommunications Conference (WRC)
v Occur every 3-5 years. WRC-19 was last November; 

WRC-23 and WRC-27 are planned for the future.
v Prelude to each WRC are “Agenda Items.”

• WRC-23: AI 1.1, 1.2, 1.4, 1.6, 1.8, 1.10, 1.11, 1.13, 1.14
v Often regional, multilateral, and bilateral discussions and 

agreements are made in advance of the WRC.
• US is part of CITEL.

v Outcome of each WRC are “final acts” that are essentially 
international treaties.

• International Table of Frequency Allocations
v Most countries adopt similar frequency allocations.

• US is in Region 2; FCC is currently moving at faster pace than 
the international community on some allocations.

v International footnotes.
• RR 5.340 – all emissions prohibited.
• RR 5.149 – all practicable steps to protect RAS.

Presenter
Presentation Notes
AI 1.1 4800-4990 MHz aeronautical and maritime AI 1.2 IMT 3,6, and 10 GHz AI 1.3 Mobile in Region 1 AI 1.4 HIBS below 2.7 GHz AI 1.5 Review 470-960 MHz AI 1.6 radiocommunications for sub-orbital vehicles AI 1.7 aeronautical mobile satellite VHF communications AI 1.8 FSS and unmanned aircraft AI 1.9 aeronautical mobile HF bands AI 1.10 aeronautical mobile 15 & 22 GHz AI 1.11 GMDSS Res 361 (Rev WRC-19) AI 1.12 EESS(active) radar sounders at 45 MHz AI 1.13 SRS at 14.8-15.35 GHz AI 1.14 EESS(passive) at 231.5-252 GHz AI 1.15 GSO-ESIMs at 12.75-13.25 GHz (E-s) AI 1.16 nGSO-ESIMs at 17-19 GHz and 27-30 GHz AI 1.17 inter-satellite links AI 1.18 MSS below 5 GHz AI 1.19 FSS at 17.3-17.7 in Region 2 9.1 - review space weather sensors 9.1 - review amateur service in 1240-1300 MHz 9.1 - IMT in FS 9.1 - EESS at 36-37 GHz Significant concerns for preliminary AIs for WRC-27, including item regarding 37.5-51.4 GHz; 71-76 and 81-86 GHz; and 231.5-275 and 275-700 GHz.
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ITU-R Study Groups

• SG1: General Spectrum Management (technical, 
regulatory, measurement)

• SG3: Propagation
• SG4: Satellite issues
• SG5: Terrestrial issues
• SG6: Broadcast issues
• SG7: Science Services
vWP7A – Time signals and frequency standards
vWP7B – Space radiocommunication applications
vWP7C – Earth Remote Sensing (passive and active)
vWP7D – Radio Astronomy

Presenter
Presentation Notes
Note that radar astronomy is part of WP7D, but it is part of the radiolocation service, not RAS.  Space weather (which uses radio astronomy observations) is in WP7C. WP7B is important for NASA space missions (and NASA in general!). Opportunity for the US radio astronomy community to contribute to US Working Parties. Best to set the US position by participating in advance.
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ITU-R Documents and Studies
• Resolutions: provide instructions on organization or 

working methods of the Union and its study groups.
• Recommendations: recommended methods and values to 

be used in spectrum management.
v May be used by some administrations in formulating their 

regulations.
v If referenced by International Radio Regulations, may have 

regulatory force.
v ITU-R RA.314: Preferred frequency bands for RAS.
v ITU-R RA.769: Threshold values of harmful interference for RAS.
v ITU-R RA.1513: Levels of data loss for RAS.
v ITU-R RS.2017: Interference criteria for EESS.

• Reports: technical in nature, may be referenced by other 
documents.

• Handbooks: provide more detailed and comprehensive 
technical information than reports.
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Want to learn more?
CORF Publications!

Available for download from the National Academies Press

Presenter
Presentation Notes
CORF is currently working on ”Views” of WRC-23 Agenda Items.
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Major Issues

• Spectrum sharing: geographic shielding, time 
sharing, frequency separation

• Innovative spectrum zones: dynamic quiet 
zone

• Radio Frequency Interference Mitigation: 
detection, excision, beam forming, identification 
of source, reporting

• Technology Development: receivers and 
telescopes

• Personnel Development: RF engineers, 
spectrum management

Presenter
Presentation Notes
We must be innovative to enable radio astronomy observations in an era of the internet of things, wearable devices, etc. Transmitters in motion (mobile phones, car radars, etc.) are proliferating.  Anticipate increased RFI from ground, air, and space. Geographic shielding, time sharing, and frequency separation are the bedrock of spectrum sharing. Dynamic radio quiet zones are required to realize the full potential of new facilities such as the ngVLA.FUNDING required for RFI detection and excision algorithms (software) and for hardware.FUNDING required to maintain radio astronomy facilities in the US, as technology knows no borders, but the FCC will only consider rules to protect US-based observatories.FUNDING required for personnel to work on spectrum management (and RF engineers, of course).
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