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Frequency Allocations in Remote Sensing (FARS)
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Minutes of 2016 Annual Meeting

July 11th, 2016

The meeting is convened at 17:35 in room 306B at the China National Convention
Center in Beijing by FARS Technical Committee (FARS-TC) co-chairs Sidharth Misra
and Paolo de Matthaeis.

Twelve persons in attendance (not including the committee chairs): Michael Benson,
Daniel Czech, Dara Entekhabi, Mike Inggs, Yann Kerr, David Kunkee, David Le Vine,
Leland Pierce, Jinzheng Peng, Steve Reising, Thomas von Deak and Marwan Younis.

The meeting starts with Sidharth Misra giving the annual FARS chair report. The
activities of FARS since July 2015 were summarized, which included:

1. the new FARS logo was introduced to members. Members were recommended
for suggestions on the logo, if any

2. the annual contribution to the Geoscience and Remote Sensing Magazine, written
by FARS-TC members Mike Spencer and Fawaz Ulaby on the study "A Strategy
for Active Remote Sensing Amid Increased Demand for Radio Spectrum"
performed by the US National Academy of Science;

3. sponsoring and getting involved in the organization of a joint workshop on RFI
with the Radio Astronomy community, that will take place in Socorro, New Mexico,
USA, on October 17-21, 2015 (FARS co-chair Paolo de Matthaeis is also the
general technical chair of the workshop for remote sensing and several other
FARS-TC members are on the Scientific Organizing Committee);

4. filing a response to a US Federal Communication Commission (FCC) Notice of
Proposed Rule Making, focusing on the need for special protection for EESS
passive services around 37GHz and revisiting rules prohibiting WiGig instruments
on-board aircraft between 57-64GHz, which could impact the performance of
instrument such as AMSU, ATMS, GPM and WindSat;

5. attending the SFCG-36 meeting of the Space Frequency Coordination Group in
June 2016 and the Spring meeting of the Committee on Radio Frequencies
(CORF) in May 2016;

6. further developing the Database of Frequency Allocations for Microwave Remote
Sensing and Observed Radio Frequency Interference (RFI).

Co-chair Paolo de Matthaeis gives a brief report on the SFCG-36 meeting.

Leland Pierce presents the improvements on the Frequency Allocations and RFI
Observations Database, and Paolo adds a few comments on its new functionalities. The



toll is currently password-protected and will soon made available to all FARS-TC
members, at which point feedback is encouraged.

Thomas von Deak gives a presentation on the revision of active sensors protection
criteria used in ITU-R compatibility studies and on the development of a reporting form
for interference affecting passive sensors. He had already presented a summary of the
2015 World Radiocommunications Conference (WRC) results and 2019/2023 WRC
agenda items during a 20-minute slot left open by a no-show in the preceding RFI
technical session. For more details on all these topics, see also his presentation "ITU-R
Sensor Related Matters" included below.

Sid concludes the discussion soliciting the submission of ideas for next year budget,
particularly those related to the IEEE-GRSS strategic objectives of crowd-sourcing,
education, globalization and interaction with industry and space agencies.

The meeting is adjourned at 18:30.
Action Items:
* give FARS-TC members access to the Database of Frequency Allocations for
Microwave Remote Sensing and Observed Radio Frequency Interference (RFI)

and collect feedback on it;
» Gather suggestions for new strategic initiatives.
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NASA Spectrum Overview

Spa Ce SClence Mars Reconnaissance “y’é&:

Orbiter (MRO) S5 ; ’6
2 — . Voyager N

Each arrow shows a (wireless) connection

Earth Observing

Space Exploration ssemeos)

Mars Science
% Laboratory (MSL)
¥

k]
A
S *: :

International Space
Station (ISS)

¥

Transmitting antenna and receiving ” - > ac| A connection is either direct (blue) or a relay (green).

antenna have to be in ‘view’ based p—

on time! v ’ i L Relay can forward the signal (bent pipe), e.g., TDRSS
or forward the data, e.g., Mars Orbiters

‘View Period’- the length of

contiguous time of a view.

Virtually every NASA mission reqt‘l}res Yadio spectrum




“@A ITU-R Activity Report Topics

e World Radiocommunications Conference
(WRC)-2015 results

 WRC-19/23 agenda items
* Active sensor protection criteria revision
e Passive sensor reporting form



WRC-15 Overview

)
3 P -
e~ ot

2015 World Radiocommunication Conference (WRC-15) took place in
Geneva, SW, 2-27 November 2015

— Over 160 International Telecommunication Union members participated in treaty-based
modifications to the ITU Radio Regulations

Technical preparatory work done in the ITU Radiocommunication Sector
Study Groups

Conference Preparatory Meeting (CPM) report contained approaches
(Methods) for satisfying each agenda item (technical basis upon which
Administration proposals are made)

US Regulators oversee conference preparations by Federal Government
(NTIA) and private sector (FCC)

U.S. Delegation to WRC-15 lead by Ambassador Decker Anstrom (Former
Chairman of the Weather Channel companies)



WRC-15 Results: Overview

WRC Process
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Organization of the ITU-R

conference preparatory work
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WRC-15 Agenda Iltems

of Interest to NASA

* Primary items of NASA advocacy
— Al 1.11 - EESS uplink allocation in 7190-7250 MHz range to help

—alleviatecongestion-inthe 2GHzbands.\—

Al 1.12 — 600 MHz EESS (active) expansion around 9.5 GHz

Al 1.13 — Proposed edits to FN 5.268 to reduce current limits on use of
410-420 MHz for SRS operations near the ISS

Al 1.14 - Consideration of the feasibility of achieving a continuous
reference time scale

Al 5 — Predetermined coordination distance between SRS ground
stations and aircraft mobile stations in 2200-2290 MHz

Al 9.1.8 - Nanosat/Picosat regulatory issues

A19.2.2 — Clarification of the use of deep space allocations during
near-Earth mission phases

* Iltems of U.S. (and NASA) advocacy

Al 1.5 — Use of FSS allocations for beyond line of site UAS command and
control



Al 1.12: EESS (active) up to 600 MHz extension
" within 8 700-9 300 MHz and/or 9 900-10 500 MHz ===

NASA

U.S./NASA Objectives
— To allocate the 9.9-10.5 GHz band to the EESS (active) with regulatory protection for
radiolocation, radio astronomy, and the amateur-satellite service.
— To improve the resolution of EESS (active) Earth observation systems operating in the
9.3-9.9 GHz band, while protecting incumbent services.

Rationale
— Larger bandwidth allocation is needed to enable
higher resolution data in EESS (active) systems to
improve the imaging and geo-information
systems used for disaster relief, humanitarian aid,
land use study, and surveying.

Results
— Primary EESS (active) allocation in 9200-9300
MHz and 9900-10400 MHz with acceptable
provisions to protect existing services.
— Agreement needed to operate over 8 countries




Al 9.1.8: Regulatory Aspects for nano-

and picosatellites

U.S./NASA Objectives
— The U.S. supports no change to the RRs for this issue at WRC-15.
— As an item under the Director’s Report, there are no Methods associated with this

issue.

Rationale
— Issues with nanosatellite and picosatellite filing

procedures for registering satellite networks
can be addressed under the WRC standing

agenda item for issues pertaining to satellite
networks pursuant to Resolution 86 (WRC-07).

Results
— No change (NOC) to the Radio Regulations
— Future regulatory issues for nano- and
picosatellites can be addressed through

standing Agenda item




Al 1.1 — Spectrum allocations for mobile broadband/IM
— NOC at WRC-15 on 2 GHz bands
— NOC at WRC-15 for 5350-5470 MHz RLANs

Al 1.6.1 - FSS up and down links in Region 1 within 10-17 GHz
— FSS downlink in 13.4-13.65 GHz ensured no FSS uplinks allocation

Al 1.6.2 — FSS uplink spectrum being sought in Regions 2 and 3
within 13-17 GHz

— Limited FSS uplink in 14.5-14.8 GHz; SRS made co-equal with FSS

Al 1.9.2 — MMSS reverse band use in 8025-8400 MHz

— NOC in 8025-8400 MHz protecting EESS downlinks.
— MMSS downlink in 7375-7750 MHz acceptable.

Al 1.18 — New allocation for automotive applications in the 77.5-78
GHz band

- RLS added to the 77.5-78 GHz




Al 1.1: Spectrum allocations for

mobile broadband/IMT — 1427-1525 MHz

U.S./NASA Objectives
— IMT allocation in 1427-1518 MHz while ensuring the protection of critical existing systems

— Require mandatory OOBE limits on IMT to protect EESS (passive) in 1400-1427 MHz. - Res.
750: IMT base stations (-72 dBW/ 27 MHz) and mobile stations (-62 dBW/ 27 MHz).

— The U.S./CITEL IAP called for mandatory limits. NASA was involved in the negotiations
within the U.S. and within CITEL to obtain agreement for mandatory limits.

Rationale

— Supporting IMT will expand mobile broadband
and economic development throughout the
Americas.

- Mandatory OOBE on IMT into 1400-1427 MHz
protects spaceborne passive sensors (e.g.,
NASA’s Soil Moisture Active/Passive (SMAP)).

Results

— IMT allocation in 1427-1518 MHz with
mandatory OOBE limits on IMT base stations and
mobile stations at US/CITEL levels.




(\% Al 1.6.1/1.6.2: New FSS allocations in the

10-17 GHz frequency range

U.S./NASA Objectives

— Prevent an FSS uplink in the 13.25-13.75 GHz frequency region.
— Support an FSS downlink (Region 1) in the 13.4-13.65 GHz frequency band.
Rationale

3 FSS Uplinks in the 1325‘1375 GHZ band WOUId Europe - Lake Ijsselmeer
harm NASA EESS (active) operations; in s e
particular, altimeters such as the one on JASON.

v

Results

— Analysis of FSS uplink interference to the
altimeter “measurement area of interest” proved
incompatibility and prevented the allocation of
an FSS uplink in the band.

— FSS downlink allocated in the 13.4-13.65 GHz
band preventing future FSS uplink allocations. . o
Analysis showed that this downlink allocation E—

may result in very small interference zones at the “JASON altimeter: )
Nadir points of the FSS GSO satellites operating ~ Measurement Area of Interest” example

in the band.

Amsterdam
O

Almelo



NAS

A Al 1.18 — New allocation for automotive applications in
the 77.5-78 GHz band

U.S./NASA Objectives
— Supported an RLS allocation in 77.5-78 GHz for automotive applications
- Preferred restricting the use of the potential radiolocation allocation to automotive

ra d ars Radar and vision sensor key
I_I_ml Short Range Radar Sensor
- Forward Radar Sensor

D Short Range Vision Sensor

Ratio na Ie [[:D Long Range Vision Sensor
- Would promote removing such applications from

the 23.6-24 GHz band.
— Application of these radars on helicopters would
potentially affect earth stations of SRS. i —;Z'/ e
Results e
- RLS allocation added to 77.5 to 78 GHz for the
operation of automotive radar. H]m,mm
— Limited to ground-based applications (i.e. non- '
airborne).
-  New WRC Res 759 for ITU-R studies to assist
administrations in ensuring compatibility

between the RAS, Amateur and Amateur Satellite (Nt to scale)
services and RLS applications. 13

Light-vehicle sensor coverage overview



WRC-19 Als of interest to NASA

WRC-19 Agenda Items of Potential Concern

Al 1.5 - Earth stations in motion communicating with FSS GSO stations in
17.7-19.7 GHz (s-to-E) and 27.5-29.5 GHz (E-to-s) — WP 4A

Al 1.6 - NGSO FSS in (s-to-E): 37.5-39.5 GHz/39.5-42.5 GHz and (E-to-s):
47.2-50.2 GHz/50.4-51.4 GHz — WP 4A

Al 1.13 — Identification of bands for the future development of IMT — WP
5D/TG-5/1

Al 1.14 — Broadband delivered by high-altitude platform stations — WP 5C

Al 1.15 — Freq identification for land-mobile and fixed services
applications in the range 275-450 GHz — WP 1A

Al 1.16 - RLANs in bands between 5 150 MHz and 5 925 MHz — WP 5A

Al 9 Issue 1.4 - Stations on-board suborbital vehicles - WP 5B

Al 9 Issue 1.9 - Spectrum needs and possible FSS (E-to-s) allocation in
51.4-52.4 GHz band - WP 4A




NSQA Al 1.6: non-GSO FSS in 37.5-39.5 GHz (s-E), 39.5-42.5

> GHz (s-E), 47.2-50.2 GHz (E-s) and 50.4-51.4 GHz (E-s)

* Resolution 238 (WRC-15) identifies the following bands for consideration:

— 24.25-27.5 GHz, 37-40.5 GHz, 42.5-43.5 GHz, 45.5-47 GHz, 47.2-50.2 GHz,
50.4-52.6 GHz, 66-76 GHz and 81-86 GHz, which have allocations to the
mobile service on a primary basis; and

— 31.8-33.4 GHz, 40.5-42.5 GHz and 47-47.2 GHz, which may require
additional allocations to the mobile service on a primary basis,

NGSO Orbit Types

NASA Objective .

— NASA does not support revisions to the existing
regulatory framework for non-GSO FSS systems
unless studies conclude the existing protection of
space science services, including passive sensing,
will be preserved.




Al 1.15: introduction of land-mobile and fixed

NASA
A services into the frequency range 275-450 GHz

* RR No. 5.565 identifies nine of the bands in this frequency range for use by
administrations for EESS (passive) and SRS (passive) applications: 275-286 GHz,
296-306 GHz, 313-356 GHz, 361-365 GHz, 369-392 GHz, 397-399 GHz, 409-411
GHz, 416-434 GHz and 439-467 GHz.

The sensitivity of millimetre and sub-millimetre frequencies to atmospheric
temperature and water vapour variations?

10° (A) Summer Low Latitude : : § 3 ; g
NASA Objective EC)WimerH:gh LAa(iqud‘eA : : ;7\ »m EA g ggﬁ
_ o o T R R
— NASA supports the identification of frequency g | g5 1 ghH y S
. . E g g g ’\ ;/HUW ¥ \ 2w/ “‘J \\1\ = /,'\'// \
bands for use by systems operating in the land- 2, \ i L %, ) o) | ‘ ¥
. g . . q 8 il /g A\ V1 vd 91 | el
mobile and fixed service by considering & Ll -t//n\v/ / F. ? o
technology innovation, as long as these &1 7/ & Il AL = WkH
applications do not preclude the passive use of Foo® i b im §1IK
the bands identified in RR No. 5.565. P/ o omgen e
. 2) 160 260 3(‘)0 460 5(‘10 660 760 800 9(‘)0 1000
— NASA supports the concept that no allocations Frequency (GHz)

will be made to any service above 275 GHz at
WRC-19



Al 1.16: WAS/RLAN issues in the frequency range

5150to 5925 MHz

e Part of the work of Al 1.16 is to conduct further sharing studies to identify RLAN
mitigation techniques that may facilitate sharing between WAS/RLAN systems and
incumbent services in the 5150-5350 MHz, 5350-5470 MHz, 5725-5850 MHz, and

5850-5925 MHz bands.

SAR?2 spot beam with three "groups" of RLAN present

NASA Objective
* NASA supports:

» areview of the RLAN spectrum,
technical and operational requirements
in the 5 GHz range, as requested by
Resolution 239 (WRC-15) as pre-
requisite to any further sharing studies
in the range.

» a global revision of the sharing situation
in the full 5 GHz range for studying
compatibility with RLANS.

17



N(A}'A WRC-23 Als of interest to NASA

Tentative WRC-23 agenda items will be confirmed at WRC-19

Al 2.2: to conduct, and complete in time for WRC-23, studies for a
possible new allocation to the Earth exploration-satellite (active)
service for spaceborne radar sounders within the range of
frequencies around 45 MHz...

STATUS

NASA is submitting studies examining the compatibility of the proposed EESS
(active) operations with the incumbents. These studies will be used to assess
the feasibility of any possibly sharing with the incumbents of the spectrum
around 45 MHz and determine if a WRC-23 agenda item is warranted.

Al 2.3: ..review the results of studies relating to the technical and
operational characteristics, spectrum requirements and
appropriate radio service designations for space weather sensors...
STATUS

NASA and NOAA are seeking technical and operational characteristics of space
weather sensors for use in determining the scope of the studies needed.



NASA WRC-15/19/23 Conclusions

e WRC-15 results were successful in preserving

continued effective active and passive sensing
operations.

* WRC-19 imposes challenges to NASA to
develop the quantity of studies needed to
counter threats to active and passive sensing.

— NASA has to also preserve spectrum for its
telecommunication infrastructure
* WRC-23 —In particular, obtaining space
weather sensor technical and operational
parameters is a current challenge.



NASA
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NasA REC. ITU-R RS.1166-4

* Rec. ITU-RRS.1166-4

— Active sensors protection criteria used in ITU-R
compatibility studies

— Last revised in 1998

* Key Issues

— The protection criteria need to be alighed with
analysis methods

— Protection criteria values need to be updated to
reflect the state of the art

— Sensor operational mechanics need to be described



Evaluation Criteria

Recommendation ITU-R RS.1166-4
Performance and interference criteria for active spaceborne sensors

Recommends 2
that the interference and data availability criteria given in Table 2 be applied for instruments used
for active sensing of the Earth’s land, oceans and atmosphere.

TABLE 2
Interference criteria 2 avall?gll)lty CHtes
Sensor type TN 2
Performance degradation (dB) Systematic Random
Synthetic aperture radar 10% degradation of standard deviation of pixel power —6 99 95
Altimeter 4% degradation in height noise -3 99 95
5 T -
T [— 8% degradation in measprement of normalized radar s 99 95
backscatter to deduce wind speeds

Precipitation radar 7% increase in minimum rainfall rate -10 N/A 99.8
Cloud profile radar 10% degradation in minimum cloud reflectivity —10 99 95
NOTES:.

- Systematic data availability is in regards to the data availability of a particular
measurement area of interest.

- Random data availability is in regards to the overall data availability; that is, the
availability over the repeat period of the sensor.

- Systematic data availability criteria doesn’t apply to precipitation radar.



wa Compatibility Analysis

Two basic types of analysis

Single entry Dynamic analysis
Remote & Random Systematic
gsgtsér'l\g % i %

Sensing
/ System /£

}% Single
~  Fixed Satellite Service
uplink

Global
Fixed Satellite Service
uplinks

-  Worst case characteristics
- Single or multiple scenarios

- Entire range of RF interactions are simulated

- Duration of simulation selected to cover the entire
range of motion or when results don’t vary significantly
with additional time



Global analysis simulated over

the duration of the spaceborne
sensor orbit repeat period.

Analyses are typically performed to
determine the percentage of time

that the threshold level is exceeded.

A more realistic measure of
interference impact may be to
determine the percentage of
measurement area where the
threshold level is exceeded.

vasa  Random Data Availability Criteria

Remote
Sensing
System

Global
Fixed Satellite Service
uplinks



Possible Interference paths to

remote sensing satellites

Interference

operation
'%' -~ * -
SN
Non-GSO
Remote Sensing\\ Control of
Satellites

\\

EEE S

TRANSMITTING
EARTH STATION

RECEIVING
EARTH STATION

INTERFERENCE PATHS

NOTE: reflected signal




Radio Regulations mechanisms for
" control of interference

NASA

Control of Interference

ALLOCATION POWER LIMITS

Frequency separation of PFD to protect TERR services
stations of different services and EESS/ EIRP to protect
SPACE services / EPFD to
protect GSO from Non-GSO

REGULATORY
COORDINATION
PROTECTION between Administrations to
e.g. No. 22.2: Non-GSO to ensure interference-free

protect GSO (FSS and BSS) operations conditions



NASA Systematic Data Availability Criteria

e B P

Analysis performed to determine interference
impact to specific measurement areas.

JASON altimeter
USDA Global Lake and Reservoir Monitoring
Program (83 sites)

Swath measured once per orbit repeat period (10
days)

Leeuwarden®

Average |/N per measurement set was Dot
used in determining if the protection Sneek |
threshold was exceeded. @enveen‘

L %&vega

Den l;jelder

This measurement area is comprised of N Emmelooc |\ ene

] . y Heerhugowaard :
178 consecutive footprints. Height Alkmaars/; 9 ‘
measurements can be derived from as few ”‘gm"d i SRR Wle
as 10 consecutive footprints. oarlem Amstirdam U
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NASA

PASA Sensor Measurement Considerations

Background noise processing on-board the spacecraft

Detected radar pulse with background noise
Active sensors measure the background
noise level as well as the return signal.

Average return signal

T /

L Y NIRRT T T TR RRURIUA L UL Y NN LU

The mechanism for on-board

processing of the return signal and the
noise level is not well understood. / _ I
Average noise|floor

What impact, if any, does the
use of the background noise
level in active sensor
measurements have when
assessing interference????
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Sensor sensitivity to peak emissions

Altimeters employ peak power
detectors and therefore are sensitive to
the peak emissions of interference.

Precipitation radar and scatterometers
use average power detectors and
therefore sensitive only to the average
power of the interference source.

These results of measurements show
that the peak power exceeds the
average power by more than 7 dB.

The application of peak power to
impact on measurement degradation
is not straightforward.

verage
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NASA Revision of RS. 1166 Summary

e Work has initiated on the revision of
Recommendation ITU-R RS.1166-4

e The members of FARS are invited to contribute to
this revision process.

* Bearing in mind that participation in the ITU-R
meetings may be difficult, FARS members can
contribute through:

— the U.S. WP 7C process

* Telecons held about every two months
* Not limited to U.S. nationals

— Or the SFCG annual meetings



S Issue defined at the SFCG-35

meeting in August 2015

“The SFCG recognizes that almost all passive sensors operating in
the Earth explorations-satellite service (passive)
experience radio frequency interference (RFI) from various
SOUrCesS on the Earth that degrade or obstruct the ability to measure target natural

emissions.”

While instances of harmful interference have already been reported to administrations
requesting them to initiate actions to resolve RFI, such CAS€S Were typlcally not

reported to the ITU-R Radiocommunication Bureau (BR) for
the purposes of providing information or requesting assistance. As a result, the BR is
not aware of the magnitude of RFl instances affecting EESS
passive sensors and has inaccurately reported that EESS is
not as greatly impacted by RFI as other space services.



“(5}'“ Passive Sensor RFl Reporting Form

 ESA has been reporting RFl impacting SMOS
operations in the 1 400 -1 427 MHz band

— RR No. 5.340: “no emissions allowed”

e ESA’s experience with the reporting process has
vielded a RFI reporting template that augments
the existing Radio Regulation reporting form.

 NASA and ESA have developed a draft ITU-R
Recommendation formalizing and defining the
use of the form for the reporting of RFI to
administrations from where interference is found
to occur from.
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Initiatives to improve

SFCG

Report 32-1R2 “Passive Sensor Filter Characteristics”
* For express use in analysing the causes of potential
interference

Report A32-1 “Inter-Member cooperation in resolving
interference to EESS (active) and EESS (passive) operations”
* Pledges support amongst members to assist in the
resolution of RFI when their administrations are
involved.

Report 34-2R1 “Global RFI Survey ...”

* Global surveys of RFI levels observed by sensors in the
EESS (active) band 1215-1300 MHz and the EESS

international RFI reporting

ap of observed noise power ( ) at Aquarius scatterometer ADC input for
r of Year 2014)

ved noise power (9.9 %) a
Asia (Region 3) (1* Quartes

(passive) band 1400-1427 MHz

Space Frequency

Coordination Group %

Resolution SFCG A36-2 “Reporting of Radio Frequency
Interference to Earth Exploration-Satellite Service (Passive)
Sensors”

* Encouraging members to report instances of RFI

* Adopted in June 2016

https://www.sfcgonline.org

Resolution SFCG A32-1

INTER-MEMBER COOPERATION IN RESOLVING INTERFERENCE
TO EESS (PASSIVE) AND EESS (ACTIVE) OPERATIONS




Initiatives to improve
: international RFI reporting

NASA

International Space Radio Monitoring Meeting
* Global Radio Regulator Enforcement Agencies
* Yearly meeting site rotates amongst members
 18th ISRRM
* Seoul, Republic of Korea
 September 6-8, 2016
* ESA SMOS and NASA attended 17t ISRMM and
presented on RFI reporting issues
* NASA cannot attend the 18t ISRMM




Passive Sensor RFl Reporting
& Summary

NASA

 The U.S. has a large number of Earth Observing Missions (~19
currently)
* Each mission has multiple instruments operating at multiple
frequencies
* NASA is responsible for the majority of the sensor instruments

e According to discussions in the SFCG, RFI has occurred to all the
instruments in all the bands

* RFI to EESS (passive) has been underreported to the
Administration from where RFI originates and to the ITU-R BR

* The international space science community, through the
processes of the ITU-R and SFCG, are undertaking actions to:
* Improve RFI reporting procedures provided by the RRs for
EESS (passive)
* |ncrease the frequency and effectiveness of RFI reporting



Thank you for your attention
&
Questions?

Thomas vonDeak
NASA Remote Sensing Spectrum Manager
+1 216 433 3233

Thomas.vonDeak@nasa.gov



Acronym List

AMI(R)S — Aeronautical Mobile (Route) Service

AMSR-E - Advanced Microwave Scanning
Radiometer for EOS

APT — Asia Pacific Telecommunity
ASMG — Arab Spectrum Management Group
ATU — African Telecommunications Union

CEPT - European Conference of Postal and
Telecommunications Administrations

CITEL — Inter-American Telecommunication
Commission

CRS — Cognitive Radio Systems

EESS — Earth exploration-satellite service
ENG — Electronic News Gathering

FS — Fixed service

HAPS — High Altitude Platform Systems

IRAC — Interdepartment Radio Advisory
Committee

ISS — International Space Station

ITU-R - International Telecommunication Union
— Radiocommunication Sector

IMISS — Mobile satellite service

RCC - Regional Commonwealth in the Field of
Communications

RR — Radio Regulations

SDR — Software Defined Radio

SFCG — Space Frequency Coordination Group
SRD - Short Range Device

SRS — Space research service

TDRSS — Tracking and Data Relay Satellite System
UAS — unmanned aircraft systems

UWB — Ultra-wideband

WAC — (FCC) WRC-12 Advisory Committee

WAIC — Wireless avionics intra-communications
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Acronyms

Al Agenda Item MMSS Maritime Mobile Satellite Service
BIPM Bureau International des Poids et Mesures | NGSO Non-Geostationary Orbit
BLOS Beyond Line of Sight OOBE Out-of-Band Emissions
CITEL Inter-American Telecommunications PFD Power Flux Density
Commission
CPM Conference Preparatory Meeting RA Radio Assembly
dBW Power in Decibels relative to a Watt RR Radio Regulations
EESS Earth Exploration-Satellite Service S-to-E Space-to-Earth
E-to-S Earth-to-Space SRS Space Research Service
FSS Fixed Satellite Service TT&C Telemetry, Tracking, and Command
IAP Inter-American Proposal WG Working Group
IMT International Mobile Telecommunications | WP Working Party
ITU International Telecommunication Union WRC World Radiocommunicatons Conference




