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Agenda
1. Opening Comments (email BOTH swright@ntia.gov and louis.bell@fcc.gov to confirm attendance with Subject: USWP5B Attendance): Participants attendance for Mtgs 1-5


· This meeting is focused on identifying the changes that were made to Docs 6, 15, 16, 17, and 22 (note Doc 18 will be withdrawn from consideration for the July mtg and the authors will be updating for the following 5B mtg) since Mtg #5 to address concerns brought up and participants should identify if any additional issues remain in the new version of the documents
· We are still awaiting details to share about what to expect for the next WP5B mtg as ITU HQs recently issued the following statement: “Considering the restrictions still applicable in Switzerland related to the limitation of the number of participants, as well as the restrictions to international travel, meetings organized by the ITU involving external participants will continue to be organized remotely at least until the end of September.”
· Info from WP 5B Chair: It is currently planned that hours will be in the region of 13:00-17:00 each day and a maximum of 2 or 3 sessions per day. The aim will be:
1) To set up a working structure for the WP during this cycle
2) To identify the various chairs required
3) To set up correspondence groups to progress the work until the next meeting (e.g. identify the studies and documents required)
4) To answer liaison statements received from other WP's that are asking for characteristics of systems under the purview of WP-5B
5) To initiate liaison statements where the WP will require information from other WP's to progress it's work
My intention is to produce a number of Chairman's papers that propose a structure for the WP and also draft LS that either answer other working parties or ask other working parties for info

2. Approval of the Meeting Agenda

3. Reference Docs: Updated Prep Schedule 





4. Documents submitted to ITU WP5B
· Contributions Page (https://www.itu.int/md/R19-WP5B-C/en) contains Docs 1-20 from 5A, 5D, 6A, 7B, 7C, IMO, CIRM, ICAO, and WMO
· Docs requesting info from 5B:
· Doc 18: LS from 7B on AI 1.13, requesting characteristics for systems within 5B purview in 14.8-15.35 GHz by 15DEC2020
· Doc 19: LS from 7C on AI 1.14, requesting characteristics of services, planned or operating, in 231.5-252 GHz and adjacent bands to conduct sharing studies between primary services and EESS (passive) systems IAW Resolution 662 (WRC-19), by 28SEP2020
· Contributions “As Received” Page (https://www.itu.int/md/R19-WP5B.AR-C/en) contains Docs 1-9 from IMO, CIRM, and ICAO

5. Documents for Consideration: documents can also be downloaded at https://uspreps.ntia.gov/wp5b   

	Document #
	Title
	Author(s)
	Docs

	USWP5B24-06
	Proposed updates to Working document towards a preliminary draft new Report, ITU-R M.[RADAR SIMULATIONS], “Simulations of performance for specific primary surveillance radars”
	· Chris Tourigny, FAA
· Dave Franc, DoC
· Robert Leck, ACES
· Michael Tran, MITRE
	


	USWP5B24-15
	WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW REPORT ITU-R M.[UA-AIRBORNE-DAA]  -  Guidance on suitable frequency bands and services to be used by airborne unmanned aircraft detect-and-avoid non-cooperative systems
	· Don Nellis, FAA
· [bookmark: _GoBack]Michael Neale, ACES for FAA
	


	USWP5B24-16
	WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW REPORT ITU-R M.[UA-GROUND-DAA]  -  Guidance on suitable frequency bands and services to be used by unmanned aircraft ground based detect-and-avoid non-cooperative systems
	· Don Nellis, FAA
· Michael Neale, ACES for FAA
	


	USWP5B24-17
	WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW RECOMMENDATION ITU-R M.[15.4-15.7_GHz_DAA_RADAR]  -  Characteristics of and protection criteria for the aeronautical radionavigation service in the frequency band 15.4-15.7 GHz
	· Don Nellis, FAA
· Michael Neale, ACES for FAA
· Fumie Nakahara Wingo, DON CIO
· Taylor King, ACES for DON CIO
	


	USWP5B24-22
	WORKING DOCUEMT TOWARDS A PRELIMINARY DRAFT NEW REPORT ITU-R M.[TER_AG_CNPC_CHAR] -  Characteristics of terrestrial, air-ground, unmanned aircraft system control and non-payload communications links operating in the AM(R)S allocation under No. 5.443C
	· Don Nellis, FAA
· Michael Neale, ACES  for FAA
	




6. WP 5B Meeting Registration 
a. Self-registration two-step process
a. Must have TIES account
b. Attendees initiate self-registration: https://www.itu.int/net4/ITU-R/events 
i. Additional Guidance from State: As the Registration for the 5 Block is now open (i.e. 5A/B/C+SG5), you get “1 Shot” to the registration process for all the working parties and the Study Group.  You will not be able to amend or revise your Registration later on.  For example: If you initially register for 5B, and later on decide to add 5C and the Study Group, you will NOT be able to do so.  Your original request would have to be “rejected” by the Designated Focal Point (DFP) and then you would have to re-submit a new request. So, please take your time and be careful to include the Working Parties/Study Group that you actually plan to attend – you get “1 shot” for the block.  
ii. The Designated Focal Point has to approve your participation (DoS for USG and for Sector Members, this will be done with a POC within your company)
iii. If you are a Sector Member and wish to be on the US Delegation, please make sure you are registering under the US Administration and not as a Sector Member.  The US does not allow for dual-registration.  If you registered for both but prefer to serve on the US delegation, please have your DFP cancel (“reject”) your Sector Member registration.  If you inadvertently registered as a Sector Member but want to serve on the US Delegation, please contact your company’s DFP to cancel (“reject”) your Sector Member registration, and re-register under the US Administration to become a member of the US Delegation.  
c. The Study Group, Working Party or Task Group HOD will set a deadline when delegates should complete their self-registration.  Within 3 days after the deadline, the DFP will send the HOD the list of registered delegates.  The HOD will reply with the approved list of delegates.  The DFP will confirm the registration according to the HOD's request.  
b. Once this process is completed, you should receive a confirmation email from the ITU and your name should appear under “List of Registered Participants” on the ITU-R webpage

7. Next Meeting of US WP 5B: The next and final meeting for US preparations to the July WP5B Meeting is June 15th at 1:30 pm EST.  At that meeting, all documents will be reviewed to determine status for sending to National Committee.  No offline sessions will be scheduled after June 15th, so participants are encouraged to raise any issues with the documents to the authors prior to the mtg

8. Other Business
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Participant List USWP5B 5th meeting.xlsx
US WP 5B Participants

		Email		Name		Organization		1st meeting-2/11/2020		2st meeting-2/25/2020		3rd meeting-3/10/2020		4th meeting-3/23/2020		5th meeting-5/1/2020

		acr@asri.aero		Andrew Roy		ASRI

		afeltman@alionscience.com		Andrew Feltman		DoD		x		x		x

		alfredo.mistichelli@noaa.gov		Alfredo Mistichelli		NOAA

		allen.yang@fcc.gov		Allen Yang		FCC

		ALundy@ntia.gov		April Lundy		NTIA		x		x		x		x

		andres.rosa@aces-inc.com		Andres Rosa Rivera		Navy						x		x

		Andrew.meadows.1@us.af.mil		Andrew Meadows		Air Force		x		x				x		x

		anh-thu.nguyen.ctr@us.af.mil  /  anhthu@esimplicity.com		Anh-thu Nguyen		Air Force

		anton.j.attard@Boeing.com		Anton Attard		Boeing		x		x		x

		aours@alionscience.com		Adam Ours		DoD

		ari.fitzgerald@hoganlovells.com		Ari Fitzgerald

		aroytblat@wi-fi.org		Alexander Roytblat

		ASanders@ntia.gov		Amy L Sanders		NTIA		x		x		x		x		x

		AScott@NCTA.com		Andy Scott		NCTA

		audrey.allison@boeing.com		Audrey Allison		Boeing

		augiesal@verizon.net		Paul Arnstein

		awilson@ntia.gov		Aisha Wilson		NTIA

		bbali@mitre.org		Beneka Bali

		ben.fisher@pillsburylaw.com		Ben Fisher

		benjie.spencer@noaa.gov		Albert "Benjie" Spencer		NOAA						x		x		x

		bethany.kroese.2@us.af.mil		Bethany Kroese (Capt AF)		Air Force

		bkostreski@N2OConsulting.net		Bruce Kostreski

		blamb@ntia.gov		Bruce E. Lamb		NTIA		x		x				x

		bmitchell@ntia.doc.gov		Brandon Mitchell		NTIA

		BPatten@ntia.gov		Brian Patten		NTIA		x		x		x		x

		Brad.Benbow@hq.doe.gov		Brad Benbow		DoE		x		x		x		x		x

		bramsay@mitre.org		Brian K. Ramsay

		brandyjo_sykes@apple.com		Brandy Jo Sykes		Apple

		Brennan.Price@inmarsat.com		Brennan Price		INMARSAT						x

		bryan.l.huneycutt@jpl.nasa.gov		Bryan L Huneycutt		NASA		x		x		x		x		x

		bwagner@alionscience.com		Ben Wagner		NOAA		x		x				x		x

		carlos.flores@noaa.gov		Carlos Flores		NOAA

		Carmelo.Rivera@noaa.gov   crivera@acescorp.net		Carmelo Rivera		NOAA										x

		cdilapi@alionscience.com		Christine Dilapi		DoD								x

		chad@codar.com		Chad Whelan

		chris.curtis@noaa.gov		Chris Curtis		NOAA

		Chris.Hofer@viasat.com		Chris Hofer		ViaSat

		Chris.Tourigny@faa.gov		Chris Tourigny		FAA		x		x		x		x		x

		christopher.a.mazur2.civ@mail.mil		Chris Mazur

		Christopher.Fitzhugh@goodrich.com		Christopher Fitzhugh

		christopher.murphy@viasat.com		Chris Murphy		ViaSat

		clint.northrop@noaa.gov		Clint Northrop		NOAA

		cortney.robinson@aia-aerospace.org		Cortney Robinson		AIA

		cox@avinc.com		Earl Cox

		cp5191@att.com		Carl Povelites						x

		Dan.Jablonski@jhuapl.edu		Daniel G. Jablonski

		daniel.w.bishop@nasa.gov		Dan Bishop		NASA		x		x		x		x

		dante.ibarra@fcc.gov		Dante Ibarra		FCC				x		x		x		x

		daryl.hunter@viasat.com		Daryl Hunter		ViaSat

		daudeline.meme@verizon.com		Daudeline Meme						x						x

		david.franc@noaa.gov		David Franc		NOAA				x		x		x

		david.vacanti@honeywell.com		David Vacanti

		david.weinreich@globalstar.com		David Weinreich

		dchoi@mitre.org		David S. Choi

		DLadson@hwglaw.com  /  dladson@wiltshiregrannis.com		Damon Ladson						x		x		x		x

		dmansergh@apple.com		Dan Mansergh		Apple		x		x				x		x

		don@jansky-barmat.com		Don Jansky				x		x				x

		donald.nellis@faa.gov		Don Nellis		FAA		x		x		x		x		x

		Donna.Wang@echostar.com		Donna Wang		Echostar

		douglas.lindsey@associates.hq.dhs.gov				DHS

		dredman@tamu.edu		Dave Redman

		ebradycg@comcast.net

		edrocella@ntia.gov		Ed Drocella		NTIA

		Enrique.Cuevas@jhuapl.edu		Enrique Cuevas

		epshtey@amazon.com		Alex Epshteyn		Amazon

		eric.p.lee6.civ@mail.mil / elee@ntia.gov		Eric Lee		DSO		x		x				x		x

		farzin.manshadi@jpl.nasa.gov		Farzin Manshadi		NASA

		fbox@mitre.org		Frank Box

		freqmgr@sbcglobal.net

		fsanders@its.bldrdoc.gov		Frank Sanders		NTIA ITS

		fumie.wingo@navy.mil		Fumie Wingo		Navy				x		x		x		x

		gdb@asri.aero		Greg Baker		ASRI		x		x		x		x		x

		george.dudley@hq.doe.gov		George Dudley		DoE

		george.john@spire.com		George John

		ghassan.khalek@fcc.gov		Ghassan Khalek		FCC

		giadira.leon@esimplicity.com		Giadira Leon		Air Force				x				x		x

		giselle.creeser@intelsat.com		Giselle Creeser		INTELSAT

		gmdss@comcast.net

		gpatrick@ntia.doc.gov				NTIA

		gregory.e.frye@faa.gov		Gregory Frye		FAA

		gtapley@ewtn.com		Glen Tapley

		hank.beard.ctr@navy.mil		Hank Beard		Navy

		Hastyar.Barvar@intelsat.com		Hastyar Barvar		INTELSAT

		hau.ho@ngc.com		Hau H Ho		Northrop Grumman Space Systems

		jacobse65@hotmail.com		Edward R. Jacobs		ASRC

		jashley@mitre.org		John C Ashley		MITRE Corp. (supporting DISA SDO)										x

		james.higgins@asrcfederal.com / JaHiggins@asrcfederal.com		Jim Higgins		ASTS/NASA		x		x		x		x		x

		james.mentzer@noaa.gov		James Mentzer		NOAA				x		x		x

		jayne.stancavage@intel.com		Jayne Stancavage		INTEL				x		x		x		x

		jbrase@peraton.com		James Brase				x		x		x

		JCarroll@its.bldrdoc.gov				ITS.BLDRDOC

		jconner@alionscience.com		Jerry Conner		DoD CIO		x		x		x		x		x

		Jeffrey.K.Simonds@uscg.mil		Jeffrey K. Simonds		Coast Guard

		Jennifer.Manner@echostar.com		Jennifer Manner		EchoStar/Hughes

		jennifer.warren@lmco.com		Jennifer Warren		Lockheed Martin

		jerome.foreman@usmc.mil		Jerome Foreman		Marine Corps

		jerry.l.ulcek@uscg.mil		Jerry L. Ulcek		Coast Guard		x		x		x		x		x

		jimmy.nguyen@us.af.mil		Jimmy Nguyen		Air Force

		john.gilsenan@ieee.org  / johnbythec@mchsi.com		John Gilsenan

		john.greenhill@hq.doe.gov		John Greenhill		DoE

		john.m.roman@intel.com		John Roman		INTEL				x

		johnnie.w.best1.civ@mail.mil		Johnnie Best

		Johnny.Schultz@sev1tech.com		Johnny Schultz		Sev1Tech/Coast Guard		x		x		x		x		x

		jonwilli@nsf.gov		Jonathan Williams		NSF								x

		Joseph.Cramer@Boeing.com      / JCRAMER101@aol.com		Joseph Cramer		Boeing				x		x		x		x

		joseph.d.hersey@uscg.mil  /  joe@joecel.com		Joseph Hersey		JOECEL Engineering/Coast Guard		x		x		x		x		x

		joshua.m.whitlinger@nasa.gov		Josh Whitlinger		ASTS/NASA		x		x		x		x

		jwengryniuk@alionscience.com		Jack Wengryniuk		DoD

		kathryn@accesspartnership.com		Kathryn Martin		Access Partnership						x

		keh@asri.aero		Kris E. Hutchison		ASRI

		Kellen.k.gibson.civ@mail.mil		Kellen Gibson		DISA DSO		x		x		x				x

		Kenneth.D.Fugate@faa.gov		Ken Fugate		FAA

		Kim.L.Kolb@Boeing.com		Kim Kolb		Boeing

		kimberly.baum@echostar.com		Kim Baum		EchoStar

		KKeane@duanemorris.com		Ken Keane		DoD (Test Resource Mgmt Center)				x		x		x		x

		knebbia@alionscience.com

		leon.knight@hq.doe.gov		Leon Knight		DoE

		lglobus@mitre.org		Leo Globus

		lisa.e.cacciatore@nasa.gov		Lisa Cacciatore		NASA								x

		logan.finucan@accesspartnership.com		Logan Finucan		Access Partnership

		louis.bell@fcc.gov		Louis Bell		FCC				x		x		x		x

		lreed32@comcast.net		Reed

		mark@3CSysCo.com

		Matt.botwin@spacex.com		Matt Botwin		SpaceX

		messerhdonald@aol.com		Don Messer

		michael.a.evans-1@nasa.gov		Mike Evans		NASA		x						x

		Michael.Biggs@faa.gov		Mike Biggs		FAA				x		x		x		x

		Michael.franceschini@honeywell.com		Mike Franceschini

		Michael.Neale@aces-inc.com		Michael Neale		FAA		x		x		x		x		x

		Mmullinix@ctia.org		Michael Mullinix		CTIA		x		x				x		x

		Mostafa.Karam@asrcfederal.com		Mostafa Karam

		mrazi@parscom.ca		Mike Razi		Canada

		msheahan@aar.org		Melody Sheahan

		mtran@mitre.org		Michael Tran		FAA		x		x		x		x		x

		Nader.Damavandi@spacex.com		Nader Damavandi, PhD		SpaceX				x						x

		najarianpb@state.gov		Paul B Najarian		State

		ng.harold@ymail.com		Harry Ng

		npollack@peraton.com  / npollack@comcast.net		Nelson V Pollack				x		x		x				x

		Oscar.DeGuzman@intelsat.com		Oscar De Guzman		INTELSAT						x				x

		Pascale.Dumit@T-Mobile.com		Pascale Dumit		T-Mobile		x		x		x		x		x

		pasquale.amodio@echostar.com		Pat Amodio		Echostar

		paulm@tidelandsignal.com		Paul Mueller		Tideland Signal Corp.								x		x

		peterpkierans@gmail.com		Peter Pascal Kierans

		philip.wei@noaa.gov		Philip Wei		NOAA		x		x		x		x		x

		raafat.nasser@aces-inc.com		Raafat Nasser		ACES		x		x				x		x

		rachatz@its.bldrdoc.gov		Robert Achatz		NTIA ITS

		RConnelly@alionscience.com		Ronald W Connelly

		rdenny@ntia.gov		Bob Denny		NITA

		rene.j.balanga@nasa.gov		RJ Balanga		NASA

		rkerczewski@gmail.com		Bob Kerczewski

		rmarkle@rtcm.org		Bob Markle

		robert.lafertte@aces-inc.com		Roberto Lafertte		ACES

		robert.leck@aces-inc.com		Bob Leck		NOAA

		roger@leclairtelecom.com		Roger LeClair

		ronald.mcgowan@collins.com		Ronald McGowan		Collins Aerospace		x

		ross_norsworthy@msn.com		Ross Norsworthy		Coast Guard		x		x		x		x		x

		RRodriguez@lermansenter.com

		RSOLE@ntia.doc.gov		Robert Sole		NTIA

		ryan.s.mcdonough@nasa.gov		Ryan McDonough		NASA				x		x		x

		sai.kalyanaraman@collins.com		Sai Kalyanaraman		Collins Aerospace				x

		sbaruch@newwavespectrum.com		Steve Baruch

		scott.kotler@lmco.com		Scott Kotler		Lockheed Martin		x		x		x		x

		shaylat@teleregs.com

		Shelli.Haskins@ACES-INC.com		Shelli-Rose Haskins		ACES		x						x

		slanghnoja@alionscience.com		Sharad Langhnoja				x						x

		staylor@esm.cx

		stephen.ward@mmiconnect.com		Stephen Ward								x		x

		stevek@telecommstrategies.com

		steven.karty@dhs.gov				DHS

		swright@ntia.gov / Sandra.a.wright@faa.gov		Sandra Wright		NTIA		x		x		x		x		x

		talvarez@mitre.org		Tito Alvarez		MITRE Corp.		x		x				x		x

		Tan.m.ly.civ@mail.mil / tnly123@gmail.com		Tan Ly		Army		x		x		x		x

		taylor.king@aces-inc.com		Taylor King		Navy		x		x		x		x		x

		theodore.e.berman@nasa.gov		Ted Berman		NASA

		thomas.kidd@navy.mil		Thomas Kidd		Navy

		thomas.o.obrien2.civ@mail.mil		Tom O'Brien		DoD (Test Resource Mgmt Center)				x				x

		thomas.vondeak@aces-inc.com		Tom vonDeak		ACES

		thu.luu@us.af.mil		Thu A Luu		Air Force		x				x		x		x

		Tiange.Fan@aero.org		Tiange (George) Fan		Air Force

		Tim.maguire@fcc.gov		Tim Maguire								x		x

		todd.b.mccranie.civ@mail.mil  /  todd.mccranie@gmail.com		Todd McCranie										x

		tom.hayden@live.com		Tom Hayden												x

		TPaoletta@wiltshiregrannis.com		Tricia Paoletta

		tseytlin@fb.com		Michael Tseytlin		Facebook

		tstrafford@aar.org		Tim Strafford

		ttycz@G2W2.com		Thomas S. Tycz

		vincent.s.galbraith@nasa.gov		Scott Galbraith		NASA				x		x		x

		vsahay@asrcfederal.com		Vishnu Sahay		ASTS/NASA		x		x		x		x		x

		w1hijcw@aol.com		Bill Scholz

		william.kautz@tigta.treas.gov		William Kautz

		William.Luther@asrcms.com		William Luther

		wtranavitch@alionscience.com		Bill Tranavitch		DoD CIO

		ydeng@alionscience.com		Yu ("Judy") Deng		NOAA				x		x		x		x

		nm704u@att.com / navid.motamed@gmail.com		Navid Motamed		AT&T Public Policy 										x

		anton.j.attard@boeing.com		Anton J Attard		Boeing										x

		zachary.rosenbaum@o3bnetworks.com		Zachary Rosenbaum

		zichyfj@state.gov		Franz Zichy		State Department

								44		59		51		62		49
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1nd Meeting

		Email		Name		Organization		1st meeting-2/11/2020

		afeltman@alionscience.com		Andrew Feltman		DoD		x

		ALundy@ntia.gov		April Lundy		NTIA		x

		Andrew.meadows.1@us.af.mil		Andrew Meadows		Air Force		x

		anton.j.attard@Boeing.com		Anton Attard		Boeing		x

		ASanders@ntia.gov		Amy L Sanders		NTIA		x

		blamb@ntia.gov		Bruce E. Lamb		NTIA		x

		BPatten@ntia.gov		Brian Patten		NTIA		x

		Brad.Benbow@hq.doe.gov		Brad Benbow		DoE		x

		bryan.l.huneycutt@jpl.nasa.gov		Bryan L Huneycutt		NASA		x

		bwagner@alionscience.com		Ben Wagner		NOAA		x

		Chris.Tourigny@faa.gov		Chris Tourigny		FAA		x

		daniel.w.bishop@nasa.gov		Dan Bishop		NASA		x

		dante.ibarra@fcc.gov		Dante Ibarra		FCC		x

		dmansergh@apple.com		Dan Mansergh		Apple		x

		don@jansky-barmat.com		Don Jansky				x

		donald.nellis@faa.gov		Don Nellis		FAA		x

		eric.p.lee6.civ@mail.mil / elee@ntia.gov		Eric Lee		DSO		x

		james.higgins@asrcfederal.com / JaHiggins@asrcfederal.com		Jim Higgins		ASTS/NASA		x

		jbrase@peraton.com		James Brase				x

		jconner@alionscience.com		Jerry Conner		DoD CIO		x

		jerry.l.ulcek@uscg.mil		Jerry L. Ulcek		Coast Guard		x

		Johnny.Schultz@sev1tech.com		Johnny Schultz		Sev1Tech/Coast Guard		x

		joseph.d.hersey@uscg.mil / joe@joecel.com		Joseph Hersey		JOECEL Engineering/Coast Guard		x

		joshua.m.whitlinger@nasa.gov		Josh Whitlinger		ASTS/NASA		x

		Kellen.k.gibson.civ@mail.mil		Kellen Gibson		DISA DSO		x

		michael.a.evans-1@nasa.gov		Mike Evans		NASA		x

		Michael.Neale@aces-inc.com		Michael Neale		FAA		x

		Mmullinix@ctia.org		Michael Mullinix		CTIA		x

		mtran@mitre.org		Michael Tran		FAA		x

		npollack@peraton.com  / npollack@comcast.net		Nelson V Pollack				x

		Pascale.Dumit@T-Mobile.com		Pascale Dumit		T-Mobile		x

		philip.wei@noaa.gov		Philip Wei		NOAA		x

		raafat.nasser@aces-inc.com		Raafat Nasser		ACES		x

		ronald.mcgowan@collins.com		Ronald McGowan		Collins Aerospace		x

		ross_norsworthy@msn.com		Ross Norsworthy		Coast Guard		x

		scott.kotler@lmco.com		Scott Kotler		Lockheed Martin		x

		slanghnoja@alionscience.com		Sharad Langhnoja				x

		swright@ntia.gov  /  Sandra.a.wright@faa.gov		Sandra Wright (FAA)		FAA		x

		talvarez@mitre.org		Tito Alvarez		MITRE Corp.		x

		Tan.m.ly.civ@mail.mil / tnly123@gmail.com		Tan Ly		Army		x

		taylor.king@aces-inc.com		Taylor King		Navy		x

		vsahay@asrcfederal.com		Vishnu Sahay		ASTS/NASA		x

		acr@asri.aero		Andrew Roy		ASRI

		alfredo.mistichelli@noaa.gov		Alfredo Mistichelli		NOAA

		allen.yang@fcc.gov		Allen Yang		FCC

		andres.rosa@aces-inc.com		Andres Rosa Rivera		Navy

		anh-thu.nguyen.ctr@us.af.mil / anhthu@esimplicity.com		Anh-thu Nguyen		Air Force

		aours@alionscience.com		Adam Ours		DoD

		ari.fitzgerald@hoganlovells.com		Ari Fitzgerald

		aroytblat@wi-fi.org		Alexander Roytblat

		AScott@NCTA.com		Andy Scott		NCTA

		audrey.allison@boeing.com		Audrey Allison		Boeing

		augiesal@verizon.net		Paul Arnstein

		awilson@ntia.gov		Aisha Wilson		NTIA

		bbali@mitre.org		Beneka Bali

		ben.fisher@pillsburylaw.com		Ben Fisher

		benjie.spencer@noaa.gov		Albert "Benjie" Spencer		NOAA

		bethany.kroese.2@us.af.mil		Bethany Kroese (Capt AF)		Air Force

		bkostreski@N2OConsulting.net		Bruce Kostreski

		bmitchell@ntia.doc.gov		Brandon Mitchell		NTIA

		bramsay@mitre.org		Brian K. Ramsay

		brandyjo_sykes@apple.com		Brandy Jo Sykes		Apple

		Brennan.Price@inmarsat.com		Brennan Price		INMARSAT

		carlos.flores@noaa.gov		Carlos Flores		NOAA

		Carmelo.Rivera@noaa.gov		Carmelo Rivera		NOAA

		cdilapi@alionscience.com		Christine Dilapi		DoD

		chad@codar.com		Chad Whelan

		chris.curtis@noaa.gov		Chris Curtis		NOAA

		Chris.Hofer@viasat.com		Chris Hofer		ViaSat

		christopher.a.mazur2.civ@mail.mil		Chris Mazur

		Christopher.Fitzhugh@goodrich.com		Christopher Fitzhugh

		christopher.murphy@viasat.com		Chris Murphy		ViaSat

		clint.northrop@noaa.gov		Clint Northrop		NOAA

		cortney.robinson@aia-aerospace.org		Cortney Robinson		AIA

		cox@avinc.com		Earl Cox

		cp5191@att.com		Carl Povelites

		Dan.Jablonski@jhuapl.edu		Daniel G. Jablonski

		daryl.hunter@viasat.com		Daryl Hunter		ViaSat

		daudeline.meme@verizon.com		Daudeline Meme

		david.franc@noaa.gov		David Franc		NOAA

		david.vacanti@honeywell.com		David Vacanti

		david.weinreich@globalstar.com		David Weinreich

		dchoi@mitre.org		David S. Choi

		DLadson@hwglaw.com  /  dladson@wiltshiregrannis.com		Damon Ladson

		douglas.lindsey@associates.hq.dhs.gov				DHS

		dredman@tamu.edu		Dave Redman

		ebradycg@comcast.net

		edrocella@ntia.gov		Ed Drocella		NTIA

		Enrique.Cuevas@jhuapl.edu		Enrique Cuevas

		epshtey@amazon.com		Alex Epshteyn		Amazon

		farzin.manshadi@jpl.nasa.gov		Farzin Manshadi		NASA

		fbox@mitre.org		Frank Box

		freqmgr@sbcglobal.net

		fsanders@its.bldrdoc.gov		Frank Sanders		NTIA ITS

		fumie.wingo@navy.mil		Fumie Wingo		Navy

		gdb@asri.aero		Greg Baker		ASRI

		george.dudley@hq.doe.gov		George Dudley		DoE

		george.john@spire.com		George John

		ghassan.khalek@fcc.gov		Ghassan Khalek		FCC

		giadira.leon@esimplicity.com		Giadira Leon		Air Force

		giselle.creeser@intelsat.com		Giselle Creeser		INTELSAT

		gmdss@comcast.net

		gpatrick@ntia.doc.gov				NTIA

		gregory.e.frye@faa.gov		Gregory Frye		FAA

		gtapley@ewtn.com		Glen Tapley

		hank.beard.ctr@navy.mil		Hank Beard		Navy

		Hastyar.Barvar@intelsat.com		Hastyar Barvar		INTELSAT

		hau.ho@ngc.com		Hau H Ho		Northrop Grumman Space Systems

		jacobse65@hotmail.com		Edward R. Jacobs		ASRC

		james.mentzer@noaa.gov		James Mentzer		NOAA

		jayne.stancavage@intel.com		Jayne Stancavage		INTEL

		JCarroll@its.bldrdoc.gov				ITS.BLDRDOC

		Jeffrey.K.Simonds@uscg.mil		Jeffrey K. Simonds		Coast Guard

		Jennifer.Manner@echostar.com		Jennifer Manner		EchoStar/Hughes

		jennifer.warren@lmco.com		Jennifer Warren		Lockheed Martin

		jerome.foreman@usmc.mil		Jerome Foreman		Marine Corps

		jimmy.nguyen@us.af.mil		Jimmy Nguyen		Air Force

		john.gilsenan@ieee.org  /  johnbythec@mchsi.com		John Gilsenan

		john.greenhill@hq.doe.gov		John Greenhill		DoE

		john.m.roman@intel.com		John Roman		INTEL

		johnnie.w.best1.civ@mail.mil		Johnnie Best

		jonwilli@nsf.gov		Jonathan Williams		NSF

		Joseph.Cramer@Boeing.com      / JCRAMER101@aol.com		Joseph Cramer		Boeing

		jwengryniuk@alionscience.com		Jack Wengryniuk		DoD

		kathryn@accesspartnership.com		Kathryn Martin		Access Partnership

		keh@asri.aero		Kris E. Hutchison		ASRI

		Kenneth.D.Fugate@faa.gov		Ken Fugate		FAA

		Kim.L.Kolb@Boeing.com		Kim Kolb		Boeing

		kimberly.baum@echostar.com		Kim Baum		EchoStar

		KKeane@duanemorris.com		Ken Keane		DoD (Test Resource Mgmt Center)

		knebbia@alionscience.com

		leon.knight@hq.doe.gov		Leon Knight		DoE

		lglobus@mitre.org		Leo Globus

		lisa.e.cacciatore@nasa.gov		Lisa Cacciatore		NASA

		logan.finucan@accesspartnership.com		Logan Finucan		Access Partnership

		louis.bell@fcc.gov		Louis Bell		FCC

		lreed32@comcast.net		Reed

		mark@3CSysCo.com

		Matt.botwin@spacex.com		Matt Botwin		SpaceX

		messerhdonald@aol.com		Don Messer

		Michael.Biggs@faa.gov		Mike Biggs		FAA

		Michael.franceschini@honeywell.com		Mike Franceschini

		Mostafa.Karam@asrcfederal.com		Mostafa Karam

		mrazi@parscom.ca		Mike Razi		Canada

		msheahan@aar.org		Melody Sheahan

		Nader.Damavandi@spacex.com		Nader Damavandi, PhD		SpaceX

		najarianpb@state.gov		Paul B Najarian		State

		ng.harold@ymail.com		Harry Ng

		Oscar.DeGuzman@intelsat.com		Oscar De Guzman		INTELSAT

		pasquale.amodio@echostar.com		Pat Amodio		Echostar

		paulm@tidelandsignal.com		Paul Mueller

		peterpkierans@gmail.com		Peter Pascal Kierans

		rachatz@its.bldrdoc.gov		Robert Achatz		NTIA ITS

		RConnelly@alionscience.com		Ronald W Connelly

		rdenny@ntia.gov		Bob Denny		NITA

		rene.j.balanga@nasa.gov		RJ Balanga		NASA

		rkerczewski@gmail.com		Bob Kerczewski

		rmarkle@rtcm.org		Bob Markle

		robert.lafertte@aces-inc.com		Roberto Lafertte		ACES

		robert.leck@aces-inc.com		Bob Leck		NOAA

		roger@leclairtelecom.com		Roger LeClair

		RRodriguez@lermansenter.com

		RSOLE@ntia.doc.gov		Robert Sole		NTIA

		ryan.s.mcdonough@nasa.gov		Ryan McDonough		NASA

		sai.kalyanaraman@collins.com		Sai Kalyanaraman		Collins Aerospace

		sbaruch@newwavespectrum.com		Steve Baruch

		shaylat@teleregs.com

		Shelli.Haskins@ACES-INC.com		Shelli-Rose Haskins		ACES		x

		staylor@esm.cx

		stephen.ward@mmiconnect.com		Stephen Ward

		stevek@telecommstrategies.com

		steven.karty@dhs.gov				DHS

		theodore.e.berman@nasa.gov		Ted Berman		NASA

		thomas.kidd@navy.mil		Thomas Kidd		Navy

		thomas.o.obrien2.civ@mail.mil		Tom O'Brien		DoD (Test Resource Mgmt Center)

		thomas.vondeak@aces-inc.com		Tom vonDeak		ACES

		thu.luu@us.af.mil		Thu A Luu		Air Force

		Tiange.Fan@aero.org		Tiange (George) Fan		Air Force

		Tim.Maguire@fcc.gov		Tim Maguire

		todd.b.mccranie.civ@mail.mil  /  todd.mccranie@gmail.com		Todd McCranie

		tom.hayden@live.com		Tom Hayden

		TPaoletta@wiltshiregrannis.com		Tricia Paoletta

		tseytlin@fb.com		Michael Tseytlin		Facebook

		tstrafford@aar.org		Tim Strafford

		ttycz@G2W2.com		Thomas S. Tycz

		vincent.s.galbraith@nasa.gov		Scott Galbraith		NASA

		w1hijcw@aol.com		Bill Scholz

		william.kautz@tigta.treas.gov		William Kautz

		William.Luther@asrcms.com		William Luther

		wtranavitch@alionscience.com		Bill Tranavitch		DoD CIO

		ydeng@alionscience.com		Yu ("Judy") Deng		NOAA

		zachary.rosenbaum@o3bnetworks.com		Zachary Rosenbaum

		zichyfj@state.gov		Franz Zichy		State
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2st Meeting

		Email		Name		Organization		1st meeting-2/11/2020		2st meeting-2/25/2020

		ASanders@ntia.gov		Amy L Sanders		NTIA		x		x

		afeltman@alionscience.com		Andrew Feltman		DoD		x		x

		Andrew.meadows.1@us.af.mil		Andrew Meadows		Air Force		x		x

		anton.j.attard@Boeing.com		Anton Attard		Boeing		x		x

		ALundy@ntia.gov		April Lundy		NTIA		x		x

		bwagner@alionscience.com		Ben Wagner		NOAA		x		x

		Brad.Benbow@hq.doe.gov		Brad Benbow		DoE		x		x

		BPatten@ntia.gov		Brian Patten		NTIA		x		x

		blamb@ntia.gov		Bruce E. Lamb		NTIA		x		x

		bryan.l.huneycutt@jpl.nasa.gov		Bryan L Huneycutt		NASA		x		x

		cp5191@att.com		Carl Povelites						x

		Chris.Tourigny@faa.gov		Chris Tourigny		FAA		x		x

		DLadson@hwglaw.com  /  dladson@wiltshiregrannis.com		Damon Ladson						x

		daniel.w.bishop@nasa.gov		Dan Bishop		NASA		x		x

		dmansergh@apple.com		Dan Mansergh		Apple		x		x

		dante.ibarra@fcc.gov		Dante Ibarra		FCC				x

		daudeline.meme@verizon.com		Daudeline Meme						x

		david.franc@noaa.gov		David Franc		NOAA				x

		don@jansky-barmat.com		Don Jansky				x		x

		donald.nellis@faa.gov		Don Nellis		FAA		x		x

		eric.p.lee6.civ@mail.mil / elee@ntia.gov		Eric Lee		DSO		x		x

		fumie.wingo@navy.mil		Fumie Wingo		Navy				x

		giadira.leon@esimplicity.com		Giadira Leon		Air Force				x

		gdb@asri.aero		Greg Baker		ASRI		x		x

		jbrase@peraton.com		James Brase				x		x

		james.mentzer@noaa.gov		James Mentzer		NOAA				x

		jayne.stancavage@intel.com		Jayne Stancavage		INTEL				x

		jconner@alionscience.com		Jerry Conner		DoD CIO		x		x

		jerry.l.ulcek@uscg.mil		Jerry L. Ulcek		Coast Guard		x		x

		james.higgins@asrcfederal.com / JaHiggins@asrcfederal.com		Jim Higgins		ASTS/NASA		x		x

		john.m.roman@intel.com		John Roman		INTEL				x

		Johnny.Schultz@sev1tech.com		Johnny Schultz		Sev1Tech/Coast Guard		x		x

		joseph.d.hersey@uscg.mil  /  joe@joecel.com		Joseph Hersey		JOECEL Engineering/Coast Guard		x		x

		joshua.m.whitlinger@nasa.gov		Josh Whitlinger		ASTS/NASA		x		x

		Kellen.k.gibson.civ@mail.mil		Kellen Gibson		DISA DSO		x		x

		KKeane@duanemorris.com		Ken Keane		DoD (Test Resource Mgmt Center)				x

		louis.bell@fcc.gov		Louis Bell		FCC				x

		Mmullinix@ctia.org		Michael Mullinix		CTIA		x		x

		Michael.Neale@aces-inc.com		Michael Neale		FAA		x		x

		mtran@mitre.org		Michael Tran		FAA		x		x

		Michael.Biggs@faa.gov		Mike Biggs		FAA				x

		Nader.Damavandi@spacex.com		Nader Damavandi, PhD		SpaceX				x

		npollack@peraton.com  / npollack@comcast.net		Nelson V Pollack				x		x

		Pascale.Dumit@T-Mobile.com		Pascale Dumit		T-Mobile		x		x

		philip.wei@noaa.gov		Philip Wei		NOAA		x		x

		raafat.nasser@aces-inc.com		Raafat Nasser		ACES		x		x

		ross_norsworthy@msn.com		Ross Norsworthy		Coast Guard		x		x

		ryan.s.mcdonough@nasa.gov		Ryan McDonough		NASA				x

		sai.kalyanaraman@collins.com		Sai Kalyanaraman		Collins Aerospace				x

		swright@ntia.gov / Sandra.a.wright@faa.gov		Sandra Wright		NTIA		x		x

		vincent.s.galbraith@nasa.gov		Scott Galbraith		NASA				x

		scott.kotler@lmco.com		Scott Kotler		Lockheed Martin		x		x

		Tan.m.ly.civ@mail.mil / tnly123@gmail.com		Tan Ly		Army		x		x

		taylor.king@aces-inc.com		Taylor King		Navy		x		x

		talvarez@mitre.org		Tito Alvarez		MITRE Corp.		x		x

		thomas.o.obrien2.civ@mail.mil		Tom O'Brien		DoD (Test Resource Mgmt Center)				x

		vsahay@asrcfederal.com		Vishnu Sahay		ASTS/NASA		x		x

		ydeng@alionscience.com		Yu ("Judy") Deng		NOAA				x

		aours@alionscience.com		Adam Ours		DoD

		awilson@ntia.gov		Aisha Wilson		NTIA

		benjie.spencer@noaa.gov		Albert "Benjie" Spencer		NOAA

		epshtey@amazon.com		Alex Epshteyn		Amazon

		aroytblat@wi-fi.org		Alexander Roytblat

		alfredo.mistichelli@noaa.gov		Alfredo Mistichelli		NOAA

		allen.yang@fcc.gov		Allen Yang		FCC

		andres.rosa@aces-inc.com		Andres Rosa Rivera		Navy

		acr@asri.aero		Andrew Roy		ASRI

		AScott@NCTA.com		Andy Scott		NCTA

		anh-thu.nguyen.ctr@us.af.mil  /  anhthu@esimplicity.com		Anh-thu Nguyen		Air Force

		ari.fitzgerald@hoganlovells.com		Ari Fitzgerald

		audrey.allison@boeing.com		Audrey Allison		Boeing

		ben.fisher@pillsburylaw.com		Ben Fisher

		bbali@mitre.org		Beneka Bali

		bethany.kroese.2@us.af.mil		Bethany Kroese (Capt AF)		Air Force

		w1hijcw@aol.com		Bill Scholz

		wtranavitch@alionscience.com		Bill Tranavitch		DoD CIO

		rdenny@ntia.gov		Bob Denny		NITA

		rkerczewski@gmail.com		Bob Kerczewski

		robert.leck@aces-inc.com		Bob Leck		NOAA

		rmarkle@rtcm.org		Bob Markle

		bmitchell@ntia.doc.gov		Brandon Mitchell		NTIA

		brandyjo_sykes@apple.com		Brandy Jo Sykes		Apple

		Brennan.Price@inmarsat.com		Brennan Price		INMARSAT

		bramsay@mitre.org		Brian K. Ramsay

		bkostreski@N2OConsulting.net		Bruce Kostreski

		carlos.flores@noaa.gov		Carlos Flores		NOAA

		Carmelo.Rivera@noaa.gov		Carmelo Rivera		NOAA

		chad@codar.com		Chad Whelan

		chris.curtis@noaa.gov		Chris Curtis		NOAA

		Chris.Hofer@viasat.com		Chris Hofer		ViaSat

		christopher.a.mazur2.civ@mail.mil		Chris Mazur

		christopher.murphy@viasat.com		Chris Murphy		ViaSat

		cdilapi@alionscience.com		Christine Dilapi		DoD

		Christopher.Fitzhugh@goodrich.com		Christopher Fitzhugh

		clint.northrop@noaa.gov		Clint Northrop		NOAA

		cortney.robinson@aia-aerospace.org		Cortney Robinson		AIA

		Dan.Jablonski@jhuapl.edu		Daniel G. Jablonski

		daryl.hunter@viasat.com		Daryl Hunter		ViaSat

		dredman@tamu.edu		Dave Redman

		dchoi@mitre.org		David S. Choi

		david.vacanti@honeywell.com		David Vacanti

		david.weinreich@globalstar.com		David Weinreich

		messerhdonald@aol.com		Don Messer

		cox@avinc.com		Earl Cox

		edrocella@ntia.gov		Ed Drocella		NTIA

		jacobse65@hotmail.com		Edward R. Jacobs		ASRC

		Enrique.Cuevas@jhuapl.edu		Enrique Cuevas

		farzin.manshadi@jpl.nasa.gov		Farzin Manshadi		NASA

		fbox@mitre.org		Frank Box

		fsanders@its.bldrdoc.gov		Frank Sanders		NTIA ITS

		zichyfj@state.gov		Franz Zichy		State

		george.dudley@hq.doe.gov		George Dudley		DoE

		george.john@spire.com		George John

		ghassan.khalek@fcc.gov		Ghassan Khalek		FCC

		giselle.creeser@intelsat.com		Giselle Creeser		INTELSAT

		gtapley@ewtn.com		Glen Tapley

		gregory.e.frye@faa.gov		Gregory Frye		FAA

		hank.beard.ctr@navy.mil		Hank Beard		Navy

		ng.harold@ymail.com		Harry Ng

		Hastyar.Barvar@intelsat.com		Hastyar Barvar		INTELSAT

		hau.ho@ngc.com		Hau H Ho		Northrop Grumman Space Systems

		jwengryniuk@alionscience.com		Jack Wengryniuk		DoD

		Jeffrey.K.Simonds@uscg.mil		Jeffrey K. Simonds		Coast Guard

		Jennifer.Manner@echostar.com		Jennifer Manner		EchoStar/Hughes

		jennifer.warren@lmco.com		Jennifer Warren		Lockheed Martin

		jerome.foreman@usmc.mil		Jerome Foreman		Marine Corps

		jimmy.nguyen@us.af.mil		Jimmy Nguyen		Air Force

		john.gilsenan@ieee.org  / johnbythec@mchsi.com		John Gilsenan

		john.greenhill@hq.doe.gov		John Greenhill		DoE

		johnnie.w.best1.civ@mail.mil		Johnnie Best

		jonwilli@nsf.gov		Jonathan Williams		NSF

		Joseph.Cramer@Boeing.com      / JCRAMER101@aol.com		Joseph Cramer		Boeing				x

		kathryn@accesspartnership.com		Kathryn Martin		Access Partnership

		Kenneth.D.Fugate@faa.gov		Ken Fugate		FAA

		kimberly.baum@echostar.com		Kim Baum		EchoStar

		Kim.L.Kolb@Boeing.com		Kim Kolb		Boeing

		keh@asri.aero		Kris E. Hutchison		ASRI

		lglobus@mitre.org		Leo Globus

		leon.knight@hq.doe.gov		Leon Knight		DoE

		lisa.e.cacciatore@nasa.gov		Lisa Cacciatore		NASA

		logan.finucan@accesspartnership.com		Logan Finucan		Access Partnership

		Matt.botwin@spacex.com		Matt Botwin		SpaceX

		msheahan@aar.org		Melody Sheahan

		tseytlin@fb.com		Michael Tseytlin		Facebook

		michael.a.evans-1@nasa.gov		Mike Evans		NASA		x

		Michael.franceschini@honeywell.com		Mike Franceschini

		mrazi@parscom.ca		Mike Razi		Canada

		Mostafa.Karam@asrcfederal.com		Mostafa Karam

		Oscar.DeGuzman@intelsat.com		Oscar De Guzman		INTELSAT

		pasquale.amodio@echostar.com		Pat Amodio		Echostar

		augiesal@verizon.net		Paul Arnstein

		najarianpb@state.gov		Paul B Najarian		State

		paulm@tidelandsignal.com		Paul Mueller

		peterpkierans@gmail.com		Peter Pascal Kierans

		lreed32@comcast.net		Reed

		rene.j.balanga@nasa.gov		RJ Balanga		NASA

		rachatz@its.bldrdoc.gov		Robert Achatz		NTIA ITS

		RSOLE@ntia.doc.gov		Robert Sole		NTIA

		robert.lafertte@aces-inc.com		Roberto Lafertte		ACES

		roger@leclairtelecom.com		Roger LeClair

		ronald.mcgowan@collins.com		Ronald McGowan		Collins Aerospace		x

		RConnelly@alionscience.com		Ronald W Connelly

		slanghnoja@alionscience.com		Sharad Langhnoja				x

		stephen.ward@mmiconnect.com		Stephen Ward						x

		sbaruch@newwavespectrum.com		Steve Baruch

		theodore.e.berman@nasa.gov		Ted Berman		NASA

		thomas.kidd@navy.mil		Thomas Kidd		Navy

		ttycz@G2W2.com		Thomas S. Tycz

		thu.luu@us.af.mil		Thu A Luu		Air Force		x

		Tiange.Fan@aero.org		Tiange (George) Fan		Air Force

		Tim.maguire@fcc.gov		Tim Maguire

		tstrafford@aar.org		Tim Strafford

		todd.b.mccranie.civ@mail.mil  /  todd.mccranie@gmail.com		Todd McCranie

		tom.hayden@live.com		Tom Hayden

		thomas.vondeak@aces-inc.com		Tom vonDeak		ACES

		TPaoletta@wiltshiregrannis.com		Tricia Paoletta

		william.kautz@tigta.treas.gov		William Kautz

		William.Luther@asrcms.com		William Luther

		zachary.rosenbaum@o3bnetworks.com		Zachary Rosenbaum

		douglas.lindsey@associates.hq.dhs.gov				DHS

		ebradycg@comcast.net

		freqmgr@sbcglobal.net

		gmdss@comcast.net

		gpatrick@ntia.doc.gov				NTIA

		JCarroll@its.bldrdoc.gov				ITS.BLDRDOC

		knebbia@alionscience.com

		Shelli.Haskins@ACES-INC.com		Shelli-Rose Haskins		ACES		x

		mark@3CSysCo.com

		RRodriguez@lermansenter.com

		shaylat@teleregs.com

		staylor@esm.cx

		stevek@telecommstrategies.com

		steven.karty@dhs.gov				DHS
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3rd Meeting

		Email		Name		Organization		1st meeting-2/11/2020		2st meeting-2/25/2020		3rd meeting-3/10/2020

		afeltman@alionscience.com		Andrew Feltman		DoD		x		x		x

		ALundy@ntia.gov		April Lundy		NTIA		x		x		x

		andres.rosa@aces-inc.com		Andres Rosa Rivera		Navy						x

		anton.j.attard@Boeing.com		Anton Attard		Boeing		x		x		x

		ASanders@ntia.gov		Amy L Sanders		NTIA		x		x		x

		benjie.spencer@noaa.gov		Albert "Benjie" Spencer		NOAA						x

		BPatten@ntia.gov		Brian Patten		NTIA		x		x		x

		Brad.Benbow@hq.doe.gov		Brad Benbow		DoE		x		x		x

		Brennan.Price@inmarsat.com		Brennan Price		INMARSAT						x

		bryan.l.huneycutt@jpl.nasa.gov		Bryan L Huneycutt		NASA		x		x		x

		Chris.Tourigny@faa.gov		Chris Tourigny		FAA		x		x		x

		daniel.w.bishop@nasa.gov		Dan Bishop		NASA		x		x		x

		dante.ibarra@fcc.gov		Dante Ibarra		FCC				x		x

		david.franc@noaa.gov		David Franc		NOAA				x		x

		DLadson@hwglaw.com  /  dladson@wiltshiregrannis.com		Damon Ladson						x		x

		donald.nellis@faa.gov		Don Nellis		FAA		x		x		x

		fumie.wingo@navy.mil		Fumie Wingo		Navy				x		x

		gdb@asri.aero		Greg Baker		ASRI		x		x		x

		james.higgins@asrcfederal.com / JaHiggins@asrcfederal.com		Jim Higgins		ASTS/NASA		x		x		x

		james.mentzer@noaa.gov		James Mentzer		NOAA				x		x

		jayne.stancavage@intel.com		Jayne Stancavage		INTEL				x		x

		jbrase@peraton.com		James Brase				x		x		x

		jconner@alionscience.com		Jerry Conner		DoD CIO		x		x		x

		jerry.l.ulcek@uscg.mil		Jerry L. Ulcek		Coast Guard		x		x		x

		Johnny.Schultz@sev1tech.com		Johnny Schultz		Sev1Tech/Coast Guard		x		x		x

		Joseph.Cramer@Boeing.com      / JCRAMER101@aol.com		Joseph Cramer		Boeing				x		x

		joseph.d.hersey@uscg.mil  /  joe@joecel.com		Joseph Hersey		JOECEL Engineering/Coast Guard		x		x		x

		joshua.m.whitlinger@nasa.gov		Josh Whitlinger		ASTS/NASA		x		x		x

		kathryn@accesspartnership.com		Kathryn Martin		Access Partnership						x

		Kellen.k.gibson.civ@mail.mil		Kellen Gibson		DISA DSO		x		x		x

		KKeane@duanemorris.com		Ken Keane		DoD (Test Resource Mgmt Center)				x		x

		louis.bell@fcc.gov		Louis Bell		FCC				x		x

		Michael.Biggs@faa.gov		Mike Biggs		FAA				x		x

		Michael.Neale@aces-inc.com		Michael Neale		FAA		x		x		x

		mtran@mitre.org		Michael Tran		FAA		x		x		x

		npollack@peraton.com  / npollack@comcast.net		Nelson V Pollack				x		x		x

		Oscar.DeGuzman@intelsat.com		Oscar De Guzman		INTELSAT						x

		Pascale.Dumit@T-Mobile.com		Pascale Dumit		T-Mobile		x		x		x

		philip.wei@noaa.gov		Philip Wei		NOAA		x		x		x

		ross_norsworthy@msn.com		Ross Norsworthy		Coast Guard		x		x		x

		ryan.s.mcdonough@nasa.gov		Ryan McDonough		NASA				x		x

		scott.kotler@lmco.com		Scott Kotler		Lockheed Martin		x		x		x

		stephen.ward@mmiconnect.com		Stephen Ward								x

		swright@ntia.gov / Sandra.a.wright@faa.gov		Sandra Wright		NTIA		x		x		x

		Tan.m.ly.civ@mail.mil / tnly123@gmail.com		Tan Ly		Army		x		x		x

		taylor.king@aces-inc.com		Taylor King		Navy		x		x		x

		thu.luu@us.af.mil		Thu A Luu		Air Force		x				x

		Tim.maguire@fcc.gov		Tim Maguire								x

		vincent.s.galbraith@nasa.gov		Scott Galbraith		NASA				x		x

		vsahay@asrcfederal.com		Vishnu Sahay		ASTS/NASA		x		x		x

		ydeng@alionscience.com		Yu ("Judy") Deng		NOAA				x		x

		acr@asri.aero		Andrew Roy		ASRI

		alfredo.mistichelli@noaa.gov		Alfredo Mistichelli		NOAA

		allen.yang@fcc.gov		Allen Yang		FCC

		Andrew.meadows.1@us.af.mil		Andrew Meadows		Air Force		x		x

		anh-thu.nguyen.ctr@us.af.mil  /  anhthu@esimplicity.com		Anh-thu Nguyen		Air Force

		aours@alionscience.com		Adam Ours		DoD

		ari.fitzgerald@hoganlovells.com		Ari Fitzgerald

		aroytblat@wi-fi.org		Alexander Roytblat

		AScott@NCTA.com		Andy Scott		NCTA

		audrey.allison@boeing.com		Audrey Allison		Boeing

		augiesal@verizon.net		Paul Arnstein

		awilson@ntia.gov		Aisha Wilson		NTIA

		bbali@mitre.org		Beneka Bali

		ben.fisher@pillsburylaw.com		Ben Fisher

		bethany.kroese.2@us.af.mil		Bethany Kroese (Capt AF)		Air Force

		bkostreski@N2OConsulting.net		Bruce Kostreski

		blamb@ntia.gov		Bruce E. Lamb		NTIA		x		x

		bmitchell@ntia.doc.gov		Brandon Mitchell		NTIA

		bramsay@mitre.org		Brian K. Ramsay

		brandyjo_sykes@apple.com		Brandy Jo Sykes		Apple

		bwagner@alionscience.com		Ben Wagner		NOAA		x		x

		carlos.flores@noaa.gov		Carlos Flores		NOAA

		Carmelo.Rivera@noaa.gov		Carmelo Rivera		NOAA

		cdilapi@alionscience.com		Christine Dilapi		DoD

		chad@codar.com		Chad Whelan

		chris.curtis@noaa.gov		Chris Curtis		NOAA

		Chris.Hofer@viasat.com		Chris Hofer		ViaSat

		christopher.a.mazur2.civ@mail.mil		Chris Mazur

		Christopher.Fitzhugh@goodrich.com		Christopher Fitzhugh

		christopher.murphy@viasat.com		Chris Murphy		ViaSat

		clint.northrop@noaa.gov		Clint Northrop		NOAA

		cortney.robinson@aia-aerospace.org		Cortney Robinson		AIA

		cox@avinc.com		Earl Cox

		cp5191@att.com		Carl Povelites						x

		Dan.Jablonski@jhuapl.edu		Daniel G. Jablonski

		daryl.hunter@viasat.com		Daryl Hunter		ViaSat

		daudeline.meme@verizon.com		Daudeline Meme						x

		david.vacanti@honeywell.com		David Vacanti

		david.weinreich@globalstar.com		David Weinreich

		dchoi@mitre.org		David S. Choi

		dmansergh@apple.com		Dan Mansergh		Apple		x		x

		don@jansky-barmat.com		Don Jansky				x		x

		douglas.lindsey@associates.hq.dhs.gov				DHS

		dredman@tamu.edu		Dave Redman

		ebradycg@comcast.net

		edrocella@ntia.gov		Ed Drocella		NTIA

		Enrique.Cuevas@jhuapl.edu		Enrique Cuevas

		epshtey@amazon.com		Alex Epshteyn		Amazon

		eric.p.lee6.civ@mail.mil / elee@ntia.gov		Eric Lee		DSO		x		x

		farzin.manshadi@jpl.nasa.gov		Farzin Manshadi		NASA

		fbox@mitre.org		Frank Box

		freqmgr@sbcglobal.net

		fsanders@its.bldrdoc.gov		Frank Sanders		NTIA ITS

		george.dudley@hq.doe.gov		George Dudley		DoE

		george.john@spire.com		George John

		ghassan.khalek@fcc.gov		Ghassan Khalek		FCC

		giadira.leon@esimplicity.com		Giadira Leon		Air Force				x

		giselle.creeser@intelsat.com		Giselle Creeser		INTELSAT

		gmdss@comcast.net

		gpatrick@ntia.doc.gov				NTIA

		gregory.e.frye@faa.gov		Gregory Frye		FAA

		gtapley@ewtn.com		Glen Tapley

		hank.beard.ctr@navy.mil		Hank Beard		Navy

		Hastyar.Barvar@intelsat.com		Hastyar Barvar		INTELSAT

		hau.ho@ngc.com		Hau H Ho		Northrop Grumman Space Systems

		jacobse65@hotmail.com		Edward R. Jacobs		ASRC

		JCarroll@its.bldrdoc.gov				ITS.BLDRDOC

		Jeffrey.K.Simonds@uscg.mil		Jeffrey K. Simonds		Coast Guard

		Jennifer.Manner@echostar.com		Jennifer Manner		EchoStar/Hughes

		jennifer.warren@lmco.com		Jennifer Warren		Lockheed Martin

		jerome.foreman@usmc.mil		Jerome Foreman		Marine Corps

		jimmy.nguyen@us.af.mil		Jimmy Nguyen		Air Force

		john.gilsenan@ieee.org  / johnbythec@mchsi.com		John Gilsenan

		john.greenhill@hq.doe.gov		John Greenhill		DoE

		john.m.roman@intel.com		John Roman		INTEL				x

		johnnie.w.best1.civ@mail.mil		Johnnie Best

		jonwilli@nsf.gov		Jonathan Williams		NSF

		jwengryniuk@alionscience.com		Jack Wengryniuk		DoD

		keh@asri.aero		Kris E. Hutchison		ASRI

		Kenneth.D.Fugate@faa.gov		Ken Fugate		FAA

		Kim.L.Kolb@Boeing.com		Kim Kolb		Boeing

		kimberly.baum@echostar.com		Kim Baum		EchoStar

		knebbia@alionscience.com

		leon.knight@hq.doe.gov		Leon Knight		DoE

		lglobus@mitre.org		Leo Globus

		lisa.e.cacciatore@nasa.gov		Lisa Cacciatore		NASA

		logan.finucan@accesspartnership.com		Logan Finucan		Access Partnership

		lreed32@comcast.net		Reed

		mark@3CSysCo.com

		Matt.botwin@spacex.com		Matt Botwin		SpaceX

		messerhdonald@aol.com		Don Messer

		michael.a.evans-1@nasa.gov		Mike Evans		NASA		x

		Michael.franceschini@honeywell.com		Mike Franceschini

		Mmullinix@ctia.org		Michael Mullinix		CTIA		x		x

		Mostafa.Karam@asrcfederal.com		Mostafa Karam

		mrazi@parscom.ca		Mike Razi		Canada

		msheahan@aar.org		Melody Sheahan

		Nader.Damavandi@spacex.com		Nader Damavandi, PhD		SpaceX				x

		najarianpb@state.gov		Paul B Najarian		State

		ng.harold@ymail.com		Harry Ng

		pasquale.amodio@echostar.com		Pat Amodio		Echostar

		paulm@tidelandsignal.com		Paul Mueller

		peterpkierans@gmail.com		Peter Pascal Kierans

		raafat.nasser@aces-inc.com		Raafat Nasser		ACES		x		x

		rachatz@its.bldrdoc.gov		Robert Achatz		NTIA ITS

		RConnelly@alionscience.com		Ronald W Connelly

		rdenny@ntia.gov		Bob Denny		NITA

		rene.j.balanga@nasa.gov		RJ Balanga		NASA

		rkerczewski@gmail.com		Bob Kerczewski

		rmarkle@rtcm.org		Bob Markle

		robert.lafertte@aces-inc.com		Roberto Lafertte		ACES

		robert.leck@aces-inc.com		Bob Leck		NOAA

		roger@leclairtelecom.com		Roger LeClair

		ronald.mcgowan@collins.com		Ronald McGowan		Collins Aerospace		x

		RRodriguez@lermansenter.com

		RSOLE@ntia.doc.gov		Robert Sole		NTIA

		sai.kalyanaraman@collins.com		Sai Kalyanaraman		Collins Aerospace				x

		sbaruch@newwavespectrum.com		Steve Baruch

		shaylat@teleregs.com

		slanghnoja@alionscience.com		Sharad Langhnoja				x

		staylor@esm.cx

		stevek@telecommstrategies.com

		steven.karty@dhs.gov				DHS

		talvarez@mitre.org		Tito Alvarez		MITRE Corp.		x		x

		theodore.e.berman@nasa.gov		Ted Berman		NASA

		thomas.kidd@navy.mil		Thomas Kidd		Navy

		thomas.o.obrien2.civ@mail.mil		Tom O'Brien		DoD (Test Resource Mgmt Center)				x

		thomas.vondeak@aces-inc.com		Tom vonDeak		ACES

		Tiange.Fan@aero.org		Tiange (George) Fan		Air Force

		todd.b.mccranie.civ@mail.mil  /  todd.mccranie@gmail.com		Todd McCranie

		Shelli.Haskins@ACES-INC.com		Shelli-Rose Haskins		ACES		x

		tom.hayden@live.com		Tom Hayden

		TPaoletta@wiltshiregrannis.com		Tricia Paoletta

		tseytlin@fb.com		Michael Tseytlin		Facebook

		tstrafford@aar.org		Tim Strafford

		ttycz@G2W2.com		Thomas S. Tycz

		w1hijcw@aol.com		Bill Scholz

		william.kautz@tigta.treas.gov		William Kautz

		William.Luther@asrcms.com		William Luther

		wtranavitch@alionscience.com		Bill Tranavitch		DoD CIO

		zachary.rosenbaum@o3bnetworks.com		Zachary Rosenbaum

		zichyfj@state.gov		Franz Zichy		State Department
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4th Meeting

		Email		Name		Organization		1st meeting-2/11/2020		2st meeting-2/25/2020		3rd meeting-3/10/2020		4th meeting-3/23/2020

		ALundy@ntia.gov		April Lundy		NTIA		x		x		x		x

		andres.rosa@aces-inc.com		Andres Rosa Rivera		Navy						x		x

		Andrew.meadows.1@us.af.mil		Andrew Meadows		Air Force		x		x				x

		ASanders@ntia.gov		Amy L Sanders		NTIA		x		x		x		x

		benjie.spencer@noaa.gov		Albert "Benjie" Spencer		NOAA						x		x

		blamb@ntia.gov		Bruce E. Lamb		NTIA		x		x				x

		BPatten@ntia.gov		Brian Patten		NTIA		x		x		x		x

		Brad.Benbow@hq.doe.gov		Brad Benbow		DoE		x		x		x		x

		bryan.l.huneycutt@jpl.nasa.gov		Bryan L Huneycutt		NASA		x		x		x		x

		bwagner@alionscience.com		Ben Wagner		NOAA		x		x				x

		cdilapi@alionscience.com		Christine Dilapi		DoD								x

		Chris.Tourigny@faa.gov		Chris Tourigny		FAA		x		x		x		x

		daniel.w.bishop@nasa.gov		Dan Bishop		NASA		x		x		x		x

		dante.ibarra@fcc.gov		Dante Ibarra		FCC				x		x		x

		david.franc@noaa.gov		David Franc		NOAA				x		x		x

		DLadson@hwglaw.com  /  dladson@wiltshiregrannis.com		Damon Ladson						x		x		x

		dmansergh@apple.com		Dan Mansergh		Apple		x		x				x

		don@jansky-barmat.com		Don Jansky				x		x				x

		donald.nellis@faa.gov		Don Nellis		FAA		x		x		x		x

		eric.p.lee6.civ@mail.mil / elee@ntia.gov		Eric Lee		DSO		x		x				x

		fumie.wingo@navy.mi    fumie.wingo@gmail.com.		Fumie Wingo		Navy				x		x		x

		gdb@asri.aero		Greg Baker		ASRI		x		x		x		x

		giadira.leon@esimplicity.com		Giadira Leon		Air Force				x				x

		james.higgins@asrcfederal.com / JaHiggins@asrcfederal.com		Jim Higgins		ASTS/NASA		x		x		x		x

		james.mentzer@noaa.gov		James Mentzer		NOAA				x		x		x

		jayne.stancavage@intel.com		Jayne Stancavage		INTEL				x		x		x

		jconner@alionscience.com		Jerry Conner		DoD CIO		x		x		x		x

		jerry.l.ulcek@uscg.mil		Jerry L. Ulcek		Coast Guard		x		x		x		x

		Johnny.Schultz@sev1tech.com		Johnny Schultz		Sev1Tech/Coast Guard		x		x		x		x

		jonwilli@nsf.gov		Jonathan Williams		NSF								x

		Joseph.Cramer@Boeing.com      / JCRAMER101@aol.com		Joseph Cramer		Boeing				x		x		x

		joseph.d.hersey@uscg.mil  /  joe@joecel.com		Joseph Hersey		JOECEL Engineering/Coast Guard		x		x		x		x

		joshua.m.whitlinger@nasa.gov		Josh Whitlinger		ASTS/NASA		x		x		x		x

		KKeane@duanemorris.com		Ken Keane		DoD (Test Resource Mgmt Center)				x		x		x

		lisa.e.cacciatore@nasa.gov		Lisa Cacciatore		NASA								x

		louis.bell@fcc.gov		Louis Bell		FCC				x		x		x

		michael.a.evans-1@nasa.gov		Mike Evans		NASA		x						x

		Michael.Biggs@faa.gov		Mike Biggs		FAA				x		x		x

		Michael.Neale@aces-inc.com		Michael Neale		FAA		x		x		x		x

		Mmullinix@ctia.org		Michael Mullinix		CTIA		x		x				x

		mtran@mitre.org		Michael Tran		FAA		x		x		x		x

		Pascale.Dumit@T-Mobile.com		Pascale Dumit		T-Mobile		x		x		x		x

		paulm@tidelandsignal.com		Paul Mueller		Tideland Signal Corp.								x

		philip.wei@noaa.gov		Philip Wei		NOAA		x		x		x		x

		raafat.nasser@aces-inc.com		Raafat Nasser		ACES		x		x				x

		ross_norsworthy@msn.com		Ross Norsworthy		Coast Guard		x		x		x		x

		ryan.s.mcdonough@nasa.gov		Ryan McDonough		NASA				x		x		x

		scott.kotler@lmco.com		Scott Kotler		Lockheed Martin		x		x		x		x

		Shelli.Haskins@ACES-INC.com		Shelli-Rose Haskins		ACES		x						x

		slanghnoja@alionscience.com		Sharad Langhnoja				x						x

		stephen.ward@mmiconnect.com		Stephen Ward								x		x

		swright@ntia.gov / Sandra.a.wright@faa.gov		Sandra Wright		NTIA		x		x		x		x

		talvarez@mitre.org		Tito Alvarez		MITRE Corp.		x		x				x

		Tan.m.ly.civ@mail.mil / tnly123@gmail.com		Tan Ly		Army		x		x		x		x

		taylor.king@aces-inc.com		Taylor King		Navy		x		x		x		x

		thomas.o.obrien2.civ@mail.mil		Tom O'Brien		DoD (Test Resource Mgmt Center)				x				x

		thu.luu@us.af.mil		Thu A Luu		Air Force		x				x		x

		Tim.maguire@fcc.gov		Tim Maguire								x		x

		todd.b.mccranie.civ@mail.mil  /  todd.mccranie@gmail.com		Todd McCranie										x

		vincent.s.galbraith@nasa.gov		Scott Galbraith		NASA				x		x		x

		vsahay@asrcfederal.com		Vishnu Sahay		ASTS/NASA		x		x		x		x

		ydeng@alionscience.com		Yu ("Judy") Deng		NOAA				x		x		x

		acr@asri.aero		Andrew Roy		ASRI

		afeltman@alionscience.com		Andrew Feltman		DoD		x		x		x

		alfredo.mistichelli@noaa.gov		Alfredo Mistichelli		NOAA

		allen.yang@fcc.gov		Allen Yang		FCC

		anh-thu.nguyen.ctr@us.af.mil  /  anhthu@esimplicity.com		Anh-thu Nguyen		Air Force

		anton.j.attard@Boeing.com		Anton Attard		Boeing		x		x		x

		aours@alionscience.com		Adam Ours		DoD

		ari.fitzgerald@hoganlovells.com		Ari Fitzgerald

		aroytblat@wi-fi.org		Alexander Roytblat

		AScott@NCTA.com		Andy Scott		NCTA

		audrey.allison@boeing.com		Audrey Allison		Boeing

		augiesal@verizon.net		Paul Arnstein

		awilson@ntia.gov		Aisha Wilson		NTIA

		bbali@mitre.org		Beneka Bali

		ben.fisher@pillsburylaw.com		Ben Fisher

		bethany.kroese.2@us.af.mil		Bethany Kroese (Capt AF)		Air Force

		bkostreski@N2OConsulting.net		Bruce Kostreski

		bmitchell@ntia.doc.gov		Brandon Mitchell		NTIA

		bramsay@mitre.org		Brian K. Ramsay

		brandyjo_sykes@apple.com		Brandy Jo Sykes		Apple

		Brennan.Price@inmarsat.com		Brennan Price		INMARSAT						x

		carlos.flores@noaa.gov		Carlos Flores		NOAA

		Carmelo.Rivera@noaa.gov		Carmelo Rivera		NOAA

		chad@codar.com		Chad Whelan

		chris.curtis@noaa.gov		Chris Curtis		NOAA

		Chris.Hofer@viasat.com		Chris Hofer		ViaSat

		christopher.a.mazur2.civ@mail.mil		Chris Mazur

		Christopher.Fitzhugh@goodrich.com		Christopher Fitzhugh

		christopher.murphy@viasat.com		Chris Murphy		ViaSat

		clint.northrop@noaa.gov		Clint Northrop		NOAA

		cortney.robinson@aia-aerospace.org		Cortney Robinson		AIA

		cox@avinc.com		Earl Cox

		cp5191@att.com		Carl Povelites						x

		Dan.Jablonski@jhuapl.edu		Daniel G. Jablonski

		daryl.hunter@viasat.com		Daryl Hunter		ViaSat

		daudeline.meme@verizon.com		Daudeline Meme						x

		david.vacanti@honeywell.com		David Vacanti

		david.weinreich@globalstar.com		David Weinreich

		dchoi@mitre.org		David S. Choi

		douglas.lindsey@associates.hq.dhs.gov				DHS

		dredman@tamu.edu		Dave Redman

		ebradycg@comcast.net

		edrocella@ntia.gov		Ed Drocella		NTIA

		Enrique.Cuevas@jhuapl.edu		Enrique Cuevas

		epshtey@amazon.com		Alex Epshteyn		Amazon

		farzin.manshadi@jpl.nasa.gov		Farzin Manshadi		NASA

		fbox@mitre.org		Frank Box

		freqmgr@sbcglobal.net

		fsanders@its.bldrdoc.gov		Frank Sanders		NTIA ITS

		george.dudley@hq.doe.gov		George Dudley		DoE

		george.john@spire.com		George John

		ghassan.khalek@fcc.gov		Ghassan Khalek		FCC

		giselle.creeser@intelsat.com		Giselle Creeser		INTELSAT

		gmdss@comcast.net

		gpatrick@ntia.doc.gov				NTIA

		gregory.e.frye@faa.gov		Gregory Frye		FAA

		gtapley@ewtn.com		Glen Tapley

		hank.beard.ctr@navy.mil		Hank Beard		Navy

		Hastyar.Barvar@intelsat.com		Hastyar Barvar		INTELSAT

		hau.ho@ngc.com		Hau H Ho		Northrop Grumman Space Systems

		jacobse65@hotmail.com		Edward R. Jacobs		ASRC

		jbrase@peraton.com		James Brase				x		x		x

		JCarroll@its.bldrdoc.gov				ITS.BLDRDOC

		Jeffrey.K.Simonds@uscg.mil		Jeffrey K. Simonds		Coast Guard

		Jennifer.Manner@echostar.com		Jennifer Manner		EchoStar/Hughes

		jennifer.warren@lmco.com		Jennifer Warren		Lockheed Martin

		jerome.foreman@usmc.mil		Jerome Foreman		Marine Corps

		jimmy.nguyen@us.af.mil		Jimmy Nguyen		Air Force

		john.gilsenan@ieee.org  / johnbythec@mchsi.com		John Gilsenan

		john.greenhill@hq.doe.gov		John Greenhill		DoE

		john.m.roman@intel.com		John Roman		INTEL				x

		johnnie.w.best1.civ@mail.mil		Johnnie Best

		jwengryniuk@alionscience.com		Jack Wengryniuk		DoD

		kathryn@accesspartnership.com		Kathryn Martin		Access Partnership						x

		keh@asri.aero		Kris E. Hutchison		ASRI

		Kellen.k.gibson.civ@mail.mil		Kellen Gibson		DISA DSO		x		x		x

		Kenneth.D.Fugate@faa.gov		Ken Fugate		FAA

		Kim.L.Kolb@Boeing.com		Kim Kolb		Boeing

		kimberly.baum@echostar.com		Kim Baum		EchoStar

		knebbia@alionscience.com

		leon.knight@hq.doe.gov		Leon Knight		DoE

		lglobus@mitre.org		Leo Globus

		logan.finucan@accesspartnership.com		Logan Finucan		Access Partnership

		lreed32@comcast.net		Reed

		mark@3CSysCo.com

		Matt.botwin@spacex.com		Matt Botwin		SpaceX

		messerhdonald@aol.com		Don Messer

		Michael.franceschini@honeywell.com		Mike Franceschini

		Mostafa.Karam@asrcfederal.com		Mostafa Karam

		mrazi@parscom.ca		Mike Razi		Canada

		msheahan@aar.org		Melody Sheahan

		Nader.Damavandi@spacex.com		Nader Damavandi, PhD		SpaceX				x

		najarianpb@state.gov		Paul B Najarian		State

		ng.harold@ymail.com		Harry Ng

		npollack@peraton.com  / npollack@comcast.net		Nelson V Pollack				x		x		x

		Oscar.DeGuzman@intelsat.com		Oscar De Guzman		INTELSAT						x

		pasquale.amodio@echostar.com		Pat Amodio		Echostar

		peterpkierans@gmail.com		Peter Pascal Kierans

		rachatz@its.bldrdoc.gov		Robert Achatz		NTIA ITS

		RConnelly@alionscience.com		Ronald W Connelly

		rdenny@ntia.gov		Bob Denny		NITA

		rene.j.balanga@nasa.gov		RJ Balanga		NASA

		rkerczewski@gmail.com		Bob Kerczewski

		rmarkle@rtcm.org		Bob Markle

		robert.lafertte@aces-inc.com		Roberto Lafertte		ACES

		robert.leck@aces-inc.com		Bob Leck		NOAA

		roger@leclairtelecom.com		Roger LeClair

		ronald.mcgowan@collins.com		Ronald McGowan		Collins Aerospace		x

		RRodriguez@lermansenter.com

		RSOLE@ntia.doc.gov		Robert Sole		NTIA

		sai.kalyanaraman@collins.com		Sai Kalyanaraman		Collins Aerospace				x

		sbaruch@newwavespectrum.com		Steve Baruch

		shaylat@teleregs.com

		staylor@esm.cx

		stevek@telecommstrategies.com

		steven.karty@dhs.gov				DHS

		theodore.e.berman@nasa.gov		Ted Berman		NASA

		thomas.kidd@navy.mil		Thomas Kidd		Navy

		thomas.vondeak@aces-inc.com		Tom vonDeak		ACES

		Tiange.Fan@aero.org		Tiange (George) Fan		Air Force

		tom.hayden@live.com		Tom Hayden

		TPaoletta@wiltshiregrannis.com		Tricia Paoletta

		tseytlin@fb.com		Michael Tseytlin		Facebook

		tstrafford@aar.org		Tim Strafford

		ttycz@G2W2.com		Thomas S. Tycz

		w1hijcw@aol.com		Bill Scholz

		william.kautz@tigta.treas.gov		William Kautz

		William.Luther@asrcms.com		William Luther

		Donna.Wang@echostar.com		Donna Wang		Echostar

		wtranavitch@alionscience.com		Bill Tranavitch		DoD CIO

		zachary.rosenbaum@o3bnetworks.com		Zachary Rosenbaum

		zichyfj@state.gov		Franz Zichy		State Department
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5th Meeting

		Email		Name		Organization		1st meeting-2/11/2020		2st meeting-2/25/2020		3rd meeting-3/10/2020		4th meeting-3/23/2020		5th meeting-5/1/2020

		Andrew.meadows.1@us.af.mil		Andrew Meadows		Air Force		x		x				x		x

		anton.j.attard@boeing.com		Anton J Attard		Boeing										x

		ASanders@ntia.gov		Amy L Sanders		NTIA		x		x		x		x		x

		benjie.spencer@noaa.gov		Albert "Benjie" Spencer		NOAA						x		x		x

		Brad.Benbow@hq.doe.gov		Brad Benbow		DoE		x		x		x		x		x

		bryan.l.huneycutt@jpl.nasa.gov		Bryan L Huneycutt		NASA		x		x		x		x		x

		bwagner@alionscience.com		Ben Wagner		NOAA		x		x				x		x

		Carmelo.Rivera@noaa.gov   crivera@acescorp.net		Carmelo Rivera		NOAA										x

		Chris.Tourigny@faa.gov		Chris Tourigny		FAA		x		x		x		x		x

		dante.ibarra@fcc.gov		Dante Ibarra		FCC				x		x		x		x

		daudeline.meme@verizon.com		Daudeline Meme						x						x

		DLadson@hwglaw.com  /  dladson@wiltshiregrannis.com		Damon Ladson						x		x		x		x

		dmansergh@apple.com		Dan Mansergh		Apple		x		x				x		x

		donald.nellis@faa.gov		Don Nellis		FAA		x		x		x		x		x

		eric.p.lee6.civ@mail.mil / elee@ntia.gov		Eric Lee		DSO		x		x				x		x

		fumie.wingo@navy.mil		Fumie Wingo		Navy				x		x		x		x

		gdb@asri.aero		Greg Baker		ASRI		x		x		x		x		x

		giadira.leon@esimplicity.com		Giadira Leon		Air Force				x				x		x

		james.higgins@asrcfederal.com / JaHiggins@asrcfederal.com		Jim Higgins		ASTS/NASA		x		x		x		x		x

		jashley@mitre.org		John C Ashley		MITRE Corp. (supporting DISA SDO)										x

		jayne.stancavage@intel.com		Jayne Stancavage		INTEL				x		x		x		x

		jconner@alionscience.com		Jerry Conner		DoD CIO		x		x		x		x		x

		jerry.l.ulcek@uscg.mil		Jerry L. Ulcek		Coast Guard		x		x		x		x		x

		Johnny.Schultz@sev1tech.com		Johnny Schultz		Sev1Tech/Coast Guard		x		x		x		x		x

		Joseph.Cramer@Boeing.com      / JCRAMER101@aol.com		Joseph Cramer		Boeing				x		x		x		x

		joseph.d.hersey@uscg.mil  /  joe@joecel.com		Joseph Hersey		JOECEL Engineering/Coast Guard		x		x		x		x		x

		Kellen.k.gibson.civ@mail.mil		Kellen Gibson		DISA DSO		x		x		x				x

		KKeane@duanemorris.com		Ken Keane		DoD (Test Resource Mgmt Center)				x		x		x		x

		louis.bell@fcc.gov		Louis Bell		FCC				x		x		x		x

		Michael.Biggs@faa.gov		Mike Biggs		FAA				x		x		x		x

		Michael.Neale@aces-inc.com		Michael Neale		FAA		x		x		x		x		x

		Mmullinix@ctia.org		Michael Mullinix		CTIA		x		x				x		x

		mtran@mitre.org		Michael Tran		FAA		x		x		x		x		x

		Nader.Damavandi@spacex.com		Nader Damavandi, PhD		SpaceX				x						x

		nm704u@att.com / navid.motamed@gmail.com		Navid Motamed		AT&T Public Policy 										x

		npollack@peraton.com  / npollack@comcast.net		Nelson V Pollack				x		x		x				x

		Oscar.DeGuzman@intelsat.com		Oscar De Guzman		INTELSAT						x				x

		Pascale.Dumit@T-Mobile.com		Pascale Dumit		T-Mobile		x		x		x		x		x

		paulm@tidelandsignal.com		Paul Mueller		Tideland Signal Corp.								x		x

		philip.wei@noaa.gov		Philip Wei		NOAA		x		x		x		x		x

		raafat.nasser@aces-inc.com		Raafat Nasser		ACES		x		x				x		x

		ross_norsworthy@msn.com		Ross Norsworthy		Coast Guard		x		x		x		x		x

		swright@ntia.gov / Sandra.a.wright@faa.gov		Sandra Wright		NTIA		x		x		x		x		x

		talvarez@mitre.org		Tito Alvarez		MITRE Corp.		x		x				x		x

		taylor.king@aces-inc.com		Taylor King		Navy		x		x		x		x		x

		thu.luu@us.af.mil		Thu A Luu		Air Force		x				x		x		x

		tom.hayden@live.com		Tom Hayden												x

		vsahay@asrcfederal.com		Vishnu Sahay		ASTS/NASA		x		x		x		x		x

		ydeng@alionscience.com		Yu ("Judy") Deng		NOAA				x		x		x		x

		acr@asri.aero		Andrew Roy		ASRI

		afeltman@alionscience.com		Andrew Feltman		DoD		x		x		x

		alfredo.mistichelli@noaa.gov		Alfredo Mistichelli		NOAA

		allen.yang@fcc.gov		Allen Yang		FCC

		ALundy@ntia.gov		April Lundy		NTIA		x		x		x		x

		andres.rosa@aces-inc.com		Andres Rosa Rivera		Navy						x		x

		anh-thu.nguyen.ctr@us.af.mil  /  anhthu@esimplicity.com		Anh-thu Nguyen		Air Force

		anton.j.attard@Boeing.com		Anton Attard		Boeing		x		x		x

		aours@alionscience.com		Adam Ours		DoD

		ari.fitzgerald@hoganlovells.com		Ari Fitzgerald

		aroytblat@wi-fi.org		Alexander Roytblat

		AScott@NCTA.com		Andy Scott		NCTA

		audrey.allison@boeing.com		Audrey Allison		Boeing

		augiesal@verizon.net		Paul Arnstein

		awilson@ntia.gov		Aisha Wilson		NTIA

		bbali@mitre.org		Beneka Bali

		ben.fisher@pillsburylaw.com		Ben Fisher

		bethany.kroese.2@us.af.mil		Bethany Kroese (Capt AF)		Air Force

		bkostreski@N2OConsulting.net		Bruce Kostreski

		blamb@ntia.gov		Bruce E. Lamb		NTIA		x		x				x

		bmitchell@ntia.doc.gov		Brandon Mitchell		NTIA

		BPatten@ntia.gov		Brian Patten		NTIA		x		x		x		x

		bramsay@mitre.org		Brian K. Ramsay

		brandyjo_sykes@apple.com		Brandy Jo Sykes		Apple

		Brennan.Price@inmarsat.com		Brennan Price		INMARSAT						x

		carlos.flores@noaa.gov		Carlos Flores		NOAA

		cdilapi@alionscience.com		Christine Dilapi		DoD								x

		chad@codar.com		Chad Whelan

		chris.curtis@noaa.gov		Chris Curtis		NOAA

		Chris.Hofer@viasat.com		Chris Hofer		ViaSat

		christopher.a.mazur2.civ@mail.mil		Chris Mazur

		Christopher.Fitzhugh@goodrich.com		Christopher Fitzhugh

		christopher.murphy@viasat.com		Chris Murphy		ViaSat

		clint.northrop@noaa.gov		Clint Northrop		NOAA

		cortney.robinson@aia-aerospace.org		Cortney Robinson		AIA

		cox@avinc.com		Earl Cox

		cp5191@att.com		Carl Povelites						x

		Dan.Jablonski@jhuapl.edu		Daniel G. Jablonski

		daniel.w.bishop@nasa.gov		Dan Bishop		NASA		x		x		x		x

		daryl.hunter@viasat.com		Daryl Hunter		ViaSat

		david.franc@noaa.gov		David Franc		NOAA				x		x		x

		david.vacanti@honeywell.com		David Vacanti

		david.weinreich@globalstar.com		David Weinreich

		dchoi@mitre.org		David S. Choi

		don@jansky-barmat.com		Don Jansky				x		x				x

		Donna.Wang@echostar.com		Donna Wang		Echostar

		douglas.lindsey@associates.hq.dhs.gov				DHS

		dredman@tamu.edu		Dave Redman

		ebradycg@comcast.net

		edrocella@ntia.gov		Ed Drocella		NTIA

		Enrique.Cuevas@jhuapl.edu		Enrique Cuevas

		epshtey@amazon.com		Alex Epshteyn		Amazon

		farzin.manshadi@jpl.nasa.gov		Farzin Manshadi		NASA

		fbox@mitre.org		Frank Box

		freqmgr@sbcglobal.net

		fsanders@its.bldrdoc.gov		Frank Sanders		NTIA ITS

		george.dudley@hq.doe.gov		George Dudley		DoE

		george.john@spire.com		George John

		ghassan.khalek@fcc.gov		Ghassan Khalek		FCC

		giselle.creeser@intelsat.com		Giselle Creeser		INTELSAT

		gmdss@comcast.net

		gpatrick@ntia.doc.gov				NTIA

		gregory.e.frye@faa.gov		Gregory Frye		FAA

		gtapley@ewtn.com		Glen Tapley

		hank.beard.ctr@navy.mil		Hank Beard		Navy

		Hastyar.Barvar@intelsat.com		Hastyar Barvar		INTELSAT

		hau.ho@ngc.com		Hau H Ho		Northrop Grumman Space Systems

		jacobse65@hotmail.com		Edward R. Jacobs		ASRC

		james.mentzer@noaa.gov		James Mentzer		NOAA				x		x		x

		jbrase@peraton.com		James Brase				x		x		x

		JCarroll@its.bldrdoc.gov				ITS.BLDRDOC

		Jeffrey.K.Simonds@uscg.mil		Jeffrey K. Simonds		Coast Guard

		Jennifer.Manner@echostar.com		Jennifer Manner		EchoStar/Hughes

		jennifer.warren@lmco.com		Jennifer Warren		Lockheed Martin

		jerome.foreman@usmc.mil		Jerome Foreman		Marine Corps

		jimmy.nguyen@us.af.mil		Jimmy Nguyen		Air Force

		john.gilsenan@ieee.org  / johnbythec@mchsi.com		John Gilsenan

		john.greenhill@hq.doe.gov		John Greenhill		DoE

		john.m.roman@intel.com		John Roman		INTEL				x

		johnnie.w.best1.civ@mail.mil		Johnnie Best

		jonwilli@nsf.gov		Jonathan Williams		NSF								x

		joshua.m.whitlinger@nasa.gov		Josh Whitlinger		ASTS/NASA		x		x		x		x

		jwengryniuk@alionscience.com		Jack Wengryniuk		DoD

		kathryn@accesspartnership.com		Kathryn Martin		Access Partnership						x

		keh@asri.aero		Kris E. Hutchison		ASRI

		Kenneth.D.Fugate@faa.gov		Ken Fugate		FAA

		Kim.L.Kolb@Boeing.com		Kim Kolb		Boeing

		kimberly.baum@echostar.com		Kim Baum		EchoStar

		knebbia@alionscience.com

		leon.knight@hq.doe.gov		Leon Knight		DoE

		lglobus@mitre.org		Leo Globus

		lisa.e.cacciatore@nasa.gov		Lisa Cacciatore		NASA								x

		logan.finucan@accesspartnership.com		Logan Finucan		Access Partnership

		lreed32@comcast.net		Reed

		mark@3CSysCo.com

		Matt.botwin@spacex.com		Matt Botwin		SpaceX

		messerhdonald@aol.com		Don Messer

		michael.a.evans-1@nasa.gov		Mike Evans		NASA		x						x

		Michael.franceschini@honeywell.com		Mike Franceschini

		Mostafa.Karam@asrcfederal.com		Mostafa Karam

		mrazi@parscom.ca		Mike Razi		Canada

		msheahan@aar.org		Melody Sheahan

		najarianpb@state.gov		Paul B Najarian		State

		ng.harold@ymail.com		Harry Ng

		pasquale.amodio@echostar.com		Pat Amodio		Echostar

		peterpkierans@gmail.com		Peter Pascal Kierans

		rachatz@its.bldrdoc.gov		Robert Achatz		NTIA ITS

		RConnelly@alionscience.com		Ronald W Connelly

		rdenny@ntia.gov		Bob Denny		NITA

		rene.j.balanga@nasa.gov		RJ Balanga		NASA

		rkerczewski@gmail.com		Bob Kerczewski

		rmarkle@rtcm.org		Bob Markle

		robert.lafertte@aces-inc.com		Roberto Lafertte		ACES

		robert.leck@aces-inc.com		Bob Leck		NOAA

		roger@leclairtelecom.com		Roger LeClair

		ronald.mcgowan@collins.com		Ronald McGowan		Collins Aerospace		x

		RRodriguez@lermansenter.com

		RSOLE@ntia.doc.gov		Robert Sole		NTIA

		ryan.s.mcdonough@nasa.gov		Ryan McDonough		NASA				x		x		x

		sai.kalyanaraman@collins.com		Sai Kalyanaraman		Collins Aerospace				x

		sbaruch@newwavespectrum.com		Steve Baruch

		scott.kotler@lmco.com		Scott Kotler		Lockheed Martin		x		x		x		x

		shaylat@teleregs.com

		Shelli.Haskins@ACES-INC.com		Shelli-Rose Haskins		ACES		x						x

		slanghnoja@alionscience.com		Sharad Langhnoja				x						x

		staylor@esm.cx

		stephen.ward@mmiconnect.com		Stephen Ward								x		x

		stevek@telecommstrategies.com

		steven.karty@dhs.gov				DHS

		Tan.m.ly.civ@mail.mil / tnly123@gmail.com		Tan Ly		Army		x		x		x		x

		theodore.e.berman@nasa.gov		Ted Berman		NASA

		thomas.kidd@navy.mil		Thomas Kidd		Navy

		thomas.o.obrien2.civ@mail.mil		Tom O'Brien		DoD (Test Resource Mgmt Center)				x				x

		thomas.vondeak@aces-inc.com		Tom vonDeak		ACES

		Tiange.Fan@aero.org		Tiange (George) Fan		Air Force

		Tim.maguire@fcc.gov		Tim Maguire								x		x

		todd.b.mccranie.civ@mail.mil  /  todd.mccranie@gmail.com		Todd McCranie										x

		TPaoletta@wiltshiregrannis.com		Tricia Paoletta

		tseytlin@fb.com		Michael Tseytlin		Facebook

		tstrafford@aar.org		Tim Strafford

		ttycz@G2W2.com		Thomas S. Tycz

		vincent.s.galbraith@nasa.gov		Scott Galbraith		NASA				x		x		x

		w1hijcw@aol.com		Bill Scholz

		william.kautz@tigta.treas.gov		William Kautz

		William.Luther@asrcms.com		William Luther

		wtranavitch@alionscience.com		Bill Tranavitch		DoD CIO

		zachary.rosenbaum@o3bnetworks.com		Zachary Rosenbaum
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The Preparatory Process

1. All those seeking a position on the U.S. delegation must participate actively in the US preparatory process.

2. Document submission deadlines strictly enforced and will only be considered for an extension with prior approval of the Chair.

3. Authors should check their work for accuracy before submitting documents for consideration.  This includes using the official templates and conducting a thorough review of grammar, punctuation, citations, technical principles, formulas, calculations, and units for correctness.

4. Authors should consider including sample calculations or examples in their contributions to illustrate their points.

5. Participants must raise their objections with a contribution early in the US WP 5B prep process.  New concerns raised at Prep Meeting 4 must be highly exceptional in nature.  The Chair will view routine concerns raised late in the prep process as obstructing the US prep process.

Contributions

6. Microsoft Word documents should not be protected or anonymized in any way, shape, or form.

7. Authors must use the document template provided on the ITU-R web site and in the meeting agendas.

8. Authors must provide the Chair with a clean version of their final document for transmission to the ITU-R.  Before sending the clean final version of their contributions to the HoD, authors must remove the fact sheet and change all revision marks for that prep cycle to be considered at the upcoming international meeting of WP 5B to “USA” (no quotes).

National Committee

9. State, FCC, and NTIA must be included in all negotiations on all non-consensus documents during the National Committee review period.

Delegate Behavior

10. Delegation meeting attendance is mandatory.

11. Withdrawing from the US WP 5B Delegation without cause after the first delegation meeting is considered poor form.

12. Withdrawing from the US WP 5B Delegation for any reason to attend the meeting as a sector member is considered very bad form.

13. US WP 5B Delegates must remain continuously involved throughout the meeting.

14. US WP 5B Delegates must stick with the US positions.  Any deviation must first be agreed within the Delegation and approved by the Head of Delegation (HoD) before being discussed or sent outside the Delegation.

The Meeting

15. Real-time access to email is mandatory.  You must be able to receive, open, edit, and send emails and complex attachments promptly and accurately.  Those who are unable to meet this requirement using IT equipment and facilities provided by their employer and should consider use a personal laptop and email account for the purposes of the meeting. 

16. The HoD will assume leadership on any issue for which you have requested assistance in resolving a problem with another administration’s delegation.  Once you have requested assistance from the HoD, cease communication on the matter with other delegations until the issue is resolved.  The HoD will let you know when you can once again reengage on that matter.

17. US WP 5B Delegation members listed as contact persons on incoming documents from other working parties should be present at the WP 5B meetings at which the documents are introduced and be prepared to introduce and discuss the document.  Those delegates who cannot be present for an introduction should advise and brief the HoD, well in advance, so that the HoD or the WG Chair can prepare to introduce the document on their behalf.

18. Delegates must not change their minds after a negotiated agreement is reached with other administrations on a particular document.  If you want a little time to think about it, let the HoD know in advance or, if you are the US lead in the meeting, before agreeing to the revised arrangement, let the meeting know that you need some time to discuss the matter with your administration and let the meeting know when to expect your response.  Be sensitive to the timing involved.

19. Delegates should not make problems out to be more important or difficult than they really are.  We have limited resources at a meeting and must prioritize our handling of crises.

20. Handwritten messages, texts, or WhatsApp messages are preferred over whispering during meetings.  

21. If you see open seats in the US Delegation section before a meeting starts, ask the HoD if you can move up to fill those seats.  Those who expect to speak on the microphone should plan to sit in the US Delegation section.  The HoD will advise, in advance, those who are to sit in the seats immediately to his or her right and left.
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Preparatory Schedule for July 2020 Meeting v5

1. All meetings will be conducted by teleconference

2. All contributions will have a fact sheet and a cover page

3. Documents not received by chair by established deadlines will not be considered by US WP 5B 



		Start

		End

Date

		Item



		Date

		Time

		

		



		7-Feb

		5:00 PM

		

		Fact Sheets Due to US WP5B Lead



		11-Feb

		1:30 PM

		

		Meeting #1 teleconference



		21-Feb

		5:00 PM

		

		1st Drafts Due to US WP5B Lead



		25-Feb

		1:30 PM

		

		Meeting #2 teleconference



		6-Mar

		5:00 PM

		

		2nd Drafts Due to US WP5B Lead



		10-Mar

		1:30 PM

		

		Meeting #3 teleconference



		20-Mar

		5:00 PM

		

		3rd Drafts Due to US WP5B Lead



		23-Mar

		1:30 PM

		

		Meeting #4 teleconference



		30-Mar

		5:00 PM

		

		Final Drafts Due to US WP5B Lead



		1-May

		1:30 PM

		

		Meeting #5 teleconference



		26-May

		5:00 PM

		

		Updated Documents Due to US WP5B Lead



		29-May

		1:30 PM

		

		Meeting #6 teleconference



		11-Jun

		5:00 PM

		

		Final Documents Due to US WP5B Lead



		15-Jun

		1:30 PM

		

		Meeting #7 teleconference



		18-Jun

		5:00 PM

		

		Clean Documents Due to US WP5B Lead



		22-Jun

		

		3-Jul

		NC Review Period



		6-Jul

		

		

		Shift to delegation mode



		6-Jul

		

		10-Jul

		NTIA-FCC-State Reconciliation Period



		13-Jul

		

		

		ITU-R WP5B Submission Deadline



		14-Jul

		1:30 PM

		

		Delegation Meeting #1 to review input contributions (tentative)



		20-Jul

		

		30-Jul

		WP 5B Meeting, Online





*Central European Summer Time (CEST) 



All times shown in the table above are Eastern Time except as otherwise noted.  The dates and times shown above are subject to change if necessary to conform to the ITU invitation letter or to resolve any conflicts that may arise during the prep cycle.
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Introduction

This contribution provides updates to annex 1 of document 5B/712 annex 12 to advance the modelling of example radar receivers to simulate the impact of interference on radar performance.
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ATTACHMENT

proposed updates to wd-pdn report
itu-r M.[radar simulations]

Simulations of performance for specific primary surveillance radars





Scope



Keywords

Radar, pulse compression filter, probability of detection, wideband communication signals.

Glossary / Abbreviations

A/D:	Analog-to-digital converters

ATC:	Air traffic control 

BPF:	Bandpass filter

CA-CFAR:	Cell averaging CFAR

CFAR:	Constant false alarm rate

CPI:	Coherent processing interval

CUT:	Cell under test

DFT:	Discrete Fourier transform

DSP:	Digital signal processing

FFT:	Fast Fourier transform

IF:	Intermediate frequency

I/N:	Interference to noise ratio

LFM:	Linear frequency modulation

LNA:	Low-noise amplifier

NLFM:	Non-linear frequency modulation

OFDM:	Orthogonal frequency-division multiplexing

OOB:	Out-of-band

PRF:	Pulse repetition frequency

PRI:	Pulse repetition interval

PSR:	Primary surveillance radar

QPSK:	Quadrature phase shift keying

RF:	Radio frequency 

RCS:	Radar cross-section

SNR:	Signal to noise ratio

WCSS:	Wideband communication system signal 

Related ITU Recommendations and Reports

Recommendations

ITU-R M.1461:	Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services

ITU-R M.1463:	Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 1 215-1 400 MHz

ITU-R M.1464:	Characteristics of radiolocation radars, and characteristics and protection criteria for sharing studies for aeronautical radionavigation and meteorological radars in the radiodetermination service operating in the frequency band 2 700-2 900 MHz

ITU-R M.1465:	Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency range 3 100-3 700 MHz

ITU-R M.1730:	Characteristics of and protection criteria for the radiolocation service in the frequency band 15.4-17.3 GHz

ITU-R M.1796:	Characteristics of and protection criteria for terrestrial radars operating in the radiodetermination service in the frequency band 8 500-10 680 MHz





Introduction

Primary surveillance radars (PSR) are used in an extensive range of applications, including air traffic control, weather monitoring and for emergency search and rescue operations. While mMany PSRs are fixed and ground based,, while those that are used for search and rescue activities are typically mounted on mobile platforms such as ships and aircraft. 

Although the principles of operation of all PSRs areis the same, there is a high level of diversity in radio frequency (RF) pulse generation (transmit chain) and detection algorithms (receive chain) between radar designs and hence no standardized design. Therefore, detailed analysis of both the transmit and receive chains, including differences in signal processing algorithmssteps is required to obtain a measuren understanding of system performance.

Modern PSRs are typically designed using software models of electronic components., and sSince there is a high level of diversity of radarbetween PSR transmit and receive chains, theradar performance of these radars under different interference scenarios can be effectivelyis best modeledmodelled in a software environment.

The Ssoftware modeling approaches that are demonstrated in this report provide a wayenable the reader to estimate system performance with respect to a range of example interference sources and for a range of radar types. Thise flexibility offers the ability to change various parameters at various stages and obtain information on resultant radar performance predictions in multiple aspects. 

This report demonstrates and provides with appropriate examples for the:

a)	simulation of radar transmit pulses;

b)	simulation of receiver chain signal processing steps;

c)	simulation of various interference sources; and

d)	prediction of PSR performance when affected by a selected set of interference sources.

Given the diversity of radar types, the impact on level of protection a PSR from expected by a PSR against a given interference source is application dependent. For example, the performance criteria of interest for weather radars can be different to that of air traffic control radar.  The weather radars are not modelled in this report.

PerformanceExample results from software simulation are presented in one or more of the following formats:

a)	probability of detection as a function of signal-to-noise ratio at various interference signal levels‑expressed with respect to receiver noise floor.; 

b)	probability of detection as a function of signal-to-interference ratio for a given radar receiver.;

c)	maximum range of detection as a function of interference level, expressed with respect to receiver noise floor, for a given constant radar cross section; and

d)	minimum detectable (at a given probability of detection) radar cross-section at a fixed distance as a function of the level of interference.

Furthermore, simulation of transmit chain can beis particularly useful for studying performance of other systems that could be impactedinterfered by radars.

This report provides examples of the simulated performance results of selectveral radars that are in operation in some administrations in the presence of various interference sources based on various software implementations and a range of relevant parameters (e.g. probability of detection, frequency range, radar type, etc.).  This report is not intended to initiate changes to the established radar protection criteria in ITU-R Recommendations.

This Report contains two Annexes that provide example simulations performed for a given set of assumptions. The assumptions that were used and the results that were obtained are unique to the types of radars and the specific simulation tools chosen. Thus, it should not be generalized to give the impression that these simulations and their associated conditions would be applicable to all situations.

Annex 1 presents simulations of the radar performance for several air traffic control PSRs in the presence of various example interference sources (pulsed and continuous). PSRs are used worldwide to separate and control air traffic in the airport terminal areas, in the en-route airspace between airports, and on the surface of airport runways. Many of the PSRs also provide weather data that can be used to assist pilots with navigating around storms, however.the weather applications are not modelled in this Annex.

Annex 2 presents a comprehensive technical investigation on the radar simulated performance degradation in the presence of high duty cycle digitally modulated signals, particularly to enhance the understanding of effects of potential interference into radars from the signal waveforms of modern wideband communication systems.  When the interfering signal is of high duty cycle, at even low power levels as much as 6 dB below noise level, there will be degradation to radar detection performance. Objects that would otherwise be detected will be lost due to the presence of low level interference that is not necessarily visible on the radar display.




ANNEX 1

Example sSimulations of performance for particular primary surveillance radar

A1.1	Introduction

PSRs are used worldwide to separate and control air traffic in the airport terminal areas, in the en‑route airspace between airports, and on the surface of airports. Many of the PSRs also provide weather data that can be used to assist pilots with navigating around storms.

Since modern PSRs are typically designed using software models of electronic components, the detection performance of radars could be modeled under different interference scenarios in a software environment versus testing and measuring the performance of actual radar systems.

The basic principle of a PSR is to transmit high-energy electromagnetic signals of modulated or unmodulated waveforms through a directive high-gain antenna and to receive the reflections of those signals for processing to extract target information such as object range, azimuth, and velocity. A simple block diagram of a PSR is shown in Figure A1-1.

FIGURE A1-1

A simplified block diagram of a modern primary surveillance radar

[image: ]

En-route air traffic control (ATC) PSRs currently use the frequency band 1 215-1 350 MHz (up to 1 370 MHz in some Countries), and the airport-area ATC PSRs use the frequency band 2 700‑2 900 MHz, and the airport-surface PSRs use the frequency bands 9 000-9 200 MHz or 15.7‑16.2 GHz. The system characteristics and protection criteria for the en-route ATC PSRs are found in Recommendation ITU-R M.1463, and the airport-area ATC PSRs are found in Recommendation ITU-R M.1464, the 9-GHz airport surface PSRs are found in Recommendation ITU-R M.1796, and the 16 GHz ATC airport surface PSRs are found in Recommendation ITU-R M.1730. PSRs may be located at other locations than at airports according to the operational requirement.

[bookmark: _Toc451440026]A1.2	Transmitters

ATC PSRs peak output power ranges from 25 kW solid-state transmitters to high power 5 MW klystron transmitters. They use a variety of modulations including continuous wave pulses, linear frequency modulated (chirped) pulses, and non-linear frequency modulated (chirped) pulses. PSRs utilize either a single frequency or multiple frequencies with and without sub-carrier frequencies for frequency diversity for target detection enhancement in poor weather.

A subset of Tthe system characteristics for some three sample ATC en-route PSRs operating in the frequency band 1 215‑1 390 MHz, found in Recommendation ITU-R M.1463, are provided in Table A1-1:

TABLE A1-1

Sample of Characteristics of air traffic control, en-route primary surveillance radars 
operation in the frequency band 1 215-1 390 MHz

		Parameter

		Units

		System 1

		System 2

		System 8



		Peak power into antenna

		dBm

		97

		80

		78.8



		Frequency Range

		MHz

		

		1215-1390

		1240-1350



		Pulse duration

		µs

		2

		88.8; 58.8 (Note 1)

		115.5; 17.5 (Note 2)



		Pulse repetition rate

		pps

		310-380

		291.5 or 312.5 average

		319 average



		Chirp bandwidth

		MHz

		N/A

		0.77

		1.2



		Compression ratio

		

		N/A

		68.3:1 and 45.2:1

		150:1; 23:1



		RF emission bandwidth (3 dB)

		MHz

		0.5

		1.09

		1.2



		Antenna azimuthal beamwidth

		degrees

		1.2

		1.4

		1.2



		Antenna horizontal scan characteristics

		rpm

		360o at 5 rpm

		360o at 5 rpm

		360o at 5 rpm



		Receiver IF bandwidth

		kHz

		780

		690

		1 200



		Receiver noise figure

		dB

		2

		2

		3.2



		Platform type

		

		

		Fixed

		Fixed



		NOTE 1 – The radar has 44 RF channel pairs with one of 44 RF channel pairs selected in normal mode. The transmitted waveform consists of an 88.8 µs pulse at frequency f1 followed by a 58.8 µs pulse at frequency f2. Separation of f1 and f2 is 82.854 MHz.

NOTE 2 – This radar utilizes two fundamental carriers, F1 and F2, with two sub-pulses each, one for medium range detection and one for long range detection. The carriers are tunable in 0.1 MHz increments with a minimum separation of 26 MHz between F1 (below 1 300 MHz) and F2 (above 1 300 MHz). The carrier sub-pulses are separated by a fixed value of 5.18 MHz. The pulse sequence is as follows: 115.5 μs pulse at F1 + 2.59 MHz, then a 115.5 μs pulse at F2 + 2.59 MHz, then a 17.5 μs pulse at F2 – 2.59 MHz, then a 17.5 μs pulse at F1 – 2.59 MHz. All four pulses are transmitted within a single pulse repetition interval.







A subset of Tthe system characteristics for some three sample ATC airport PSRs operating in the frequency band 2 700‑2 900 MHz, found in Recommendation ITU-R M.1464, are provided in Table A1-2:

TABLE A1-2

Sample Characteristics of air traffic control airport primary surveillance radar 
operating in the frequency band 2 700 - 2 900 MHz

		Parameter

		Units

		Radar A

		Radar B

		Radar C



		Platform type (airborne, shipborne, ground)

		

		Ground, ATC

		Ground, ATC

		Ground, ATC



		Peak power

		kW

		1 400

		1 320

		25



		Pulse duration

		µs

		0.6

		1.03

		1.0, 89.0;  (note 1)



		Pulse repetition rate

		pps

		973-1 040 (selectable)

		1 059-1 172

		722-935 (short impulse)

788-1 050 (long impulse)



		Duty cycle

		%

		0.07 max

		0.14 max

		9.34 max



		Chirp bandwidth

		MHz

		N/A

		N/A

		2



		Compression ratio

		

		N/A

		N/A

		89



		RF emission bandwidth (-20 dB)

(-3 dB)

		MHz

		6

		5



0.6

		2.6 (short impulse)

5.6 (long impulse)

1.9



		Antenna azimuthal beamwidth

		degrees

		1.35

		1.3

		1.45



		Antenna horizontal scan characteristics

		degrees/s

		75

		75

		75



		Receiver IF bandwidth

		MHz

		13

		0.7

		1.1



		Receiver noise figure

		dB

		4

		4

		3.3



		(1)	This radar utilizes two fundamental carriers with a minimum separation of 30 MHz







Modelling primary surveillance radar transmitter signals

The transmitted electromagnetic signal can be expressed as:

		s(t) = A(t) sin (2fot + (t))	(1)

where:

	f0=	radar transmit carrier frequency (Hz);

	A(t)=	signal amplitude (Volts);

	(t)=	signal phase (rad).

The phase of the transmitting signal, (t), can be modeled for unmodulated narrow pulse or linear frequency modulated (LFM) long pulse, or non-linear frequency modulated (NLFM) long pulse.

It is important that the software model of the ATC PSRs match closely to the actual systems. A comparison of modeled signal spectrum with the measured spectrum is necessary to validate the model.

[bookmark: _Hlk523139367]A1.2.1	Modeling radar system 2

For example, the transmitted spectrum model of System 2 (Recommendation ITU-R M.1463) can be compared to the measured spectrum of this radar. The measured spectrum is shown in Figure A1-2.

FIGURE A1-2

Measured spectrum of air traffic control en-route surveillance radars – system 2

[image: ]

This transmitted waveform consists of an 88.8 µs pulse at frequency f1 followed by a 58.8 µs pulse at frequency f2. Separation of f1 and f2 is 82.854 MHz. Each pulse is modulated with a NLFM chirp bandwidth of 0.77 MHz. Figure A1-3 shows the modelled chirp swept frequency of System 2 using NLFM as compared LFM.

FIGURE A1-3

Chirp sweep frequency of air traffic control, en-route primary surveillance radar – system 2

[image: ]

[bookmark: _Hlk523150654]The risinge edge of the pulse is modeled with a rise time of 1.2 µs (from 10% to 90% of the signal amplitude) using the cosine-square shape, as shown in Figure A1-4.

The modeled ATC system emission bandwidths are resulted in emission bandwidths at -40 dB level ofGiven a pulse rise time of 1.2 µs, at around 3.4 MHz (for an 88.8 µs pulse) and of around 3.5 MHz (for a 58.8 µs pulse) for the pulse rise time of 1.2 µs, the modelled ATC system emission bandwidths are at a level of -40 dB.

FIGURE A1-4

Modelled air traffic control system 2 – pulse and emission bandwidth
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The radar oscillator phase noise (ϕ(n)) is modeled as a white phase noise, a phase random walk, and a frequency random walk, as shown in Figure A1-5.

FIGURE A1-5

Air traffic control system 2 – modelled oscillator phase noise

[image: ]

Each input process (ωa(n), ωf(n) and ωϕ(n)) is a Gaussian white noise sequence with the following variances:



		

Putting all these elements together, Figure A1-6 shows the modeled System 2 normalized power spectrum (pulse spectrum at F1 and at F2, separating by 82.854 MHz, and a zoomed in view of frequency F1, which matches the spectrum in Figure A1-2.

FIGURE A1-6

System 2 normalized power spectrum
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[bookmark: _Toc451440027]A1.2.2	Modeling radar C

This radar utilizes two fundamental carriers, F1 and F2, with a minimum separation of 30 MHz between F1 and F2. Two frequencies are provided to compensate the atmospheric fading, distortion, and other effects on any one frequency.  Effects that degrade one frequency are not expected to affect the other frequency farther away. Radar C transmits on four different frequencies, F1 ± 0.5 MHz and F2 ± 0.5 MHz, as shown on Figure A1-7.

FIGURE A1-7

Radar C transmitting sequence

[image: ]

Figure A1-8 shows the modeled Radar C normalized power spectrum – pulse spectrum at F1+ (long pulse 89 µs with 1 MHz chirp) and at F2+ (short pulse 1 µs), separated by a minimum of 30 MHz.

FIGURE A1-8

Radar C normalized power spectrum

[image: ]

A1.2.3	Modeling radar system 8

Figure A1-9 shows the complex baseband chirp signal with 2 long pulses (modulated with F1 + 2.59 MHz and with F2 + 2.59 MHz, respectively) and 2 medium pulses (modulated with F2 – 2.59 MHz and with F1 – 2.59 MHz, respectively) with a gap of 4 µs between each pulse.

FIGURE A1-9

Radar system 8 normalized baseband chirp pulses

[image: ]

A1.3	General descriptions of Rradar receivers

In modern solid-state PSRs, reflected radar signals are received and processed through a chain of electronic components such as RF filters, low-noise amplifiers (LNA), beamformers, RF down-converters, analog-to-digital converters (A/D), matched filters, pulse compressors, Doppler filters, envelope detectors, coherent/non-coherent integrators, constant false alarm rate processors, and target detectors. Depending on the specific design and purpose of a PSR system, some signal processing methods are not used.  Figure A1-10 shows a simplified block diagram of a modern PSR receiver.

FIGURE A1-10

Simplified block diagram of a modern primary surveillance radar receiver

[image: ]

RF down converter

The RF signal received from the radar antenna goes to a RF filter and to a wideband LNA amplifier that operates over a large dynamic range (> 90 dB) and can accept signals up to –20 dBm without saturation.  The noise figure of the LNA is typically less than 3 dB.  This effectively establishes the system noise figure for a radar. This received RF signal is fetchrouted into the F1 bandpass-filter (BPF) and the F2 BPF before down-converting to the intermediate frequenciesy (IF) signals (IF #1 and IF #2), respectively.  The signals are passedwill go through several stages of the IF processing chain (amplifier and filter) to bring the signals tosuch that they fall within the dynamic range of the A/D converters. The I/Q splitter will separates the digital signals into in-phase data (I) and quadrature-phase (Q), F1 I/Q signals and F2 I/Q signals, as shown in Figure A1-10.

Pulse compression

Radar range resolution depends on the bandwidth of the received signal, which is inversely proportional to the pulse duration.  So, short pulses (SPs) are better for range resolution. The received signal strength is proportional to the pulse duration.  Since the amplitude of the transmit pulse is limited by the maximum power of the radar, the long pulses (LPs) provide higher energy in the pulses and are better for signal reception. Pulse compression is employed to transmit a long pulse that has a bandwidth of a short pulse, by frequency modulating (commonly, linear FM or non-linear FM) or phase modulating (commonly, phase coded) the transmitted long pulse. The bandwidth of the linear/non-linear FM waveform is known as the chirp bandwidth. The matched filter is designed to maximize the signal-to-interference ratio in the presence of receiver noise. The pulse compression matched filter matches the received waveform with the reference waveform, through a correlation process or fast Fourier transform (FFT)-process, which provides the delays corresponding to the target ranges. Hence, each pulse is compressed down to 1 µs (the radar range resolution).

Figure A1-11 provides the details of the generation of the discrete complex signal to be input to the pulse compression block.

FIGURE A1-11 

Simplified block diagram of a last IF stage receiver

[image: ]

From Figure A1-11, the in-phase (I) and quadrature-phase (Q) are modelled as:

		

		

where T is the pulse width (seconds), N0 is the one-sided noise power density (Watts/Hz),  is the error between the true received pulse phase and the receiver’s estimate pulse phase,  is the frequency error (Hz),  is the carrier phase error,  is the ideal auto-correlation function of the waveform and the last term of each output is the noise of unit variance. 

Let xk = Ik + jQk, the received complex samples, be the inputs to the pulse compression block and yk be the replica waveform samples, then the correlation of xk and yk is given below:

		

for n = 0, 1, 2, …, M-1

Figure A1-12 shows a simplified block diagram forof radar pulse compression using a fast convolution technique, where the complex waveform samples, xk = Ik + jQk, are used as the inputs.

FIGURE A1-12

Simplified block diagram of radar pulse compression using fast Fourier transform technique

[image: ]

Fast convolution is usedan efficient computation to implement the correlator. Taking the discrete Fourier transform (DFT), which can be efficiently computed using FFT algorithms, on both sides of the above equation, we have:

		

		

for k = 0, 1, 2, …, M-1.

Rearranging the above equation, we have:

		

		

where:

		

		

Now, the time-domain correlation sequence can be computed by taking the inverse DFT of Z(k):

		

for n = 0, 1, 2, …, M-1.

Doppler processing

[bookmark: _Toc451440028]A1.4	Example Ssimulated performance in various noise environments

A1.4.1	Radar system 8 analysis and simulation

[bookmark: _Hlk523151803]Figure A1-13 shows the radar medium pulse (cosine-square shape for the risinge edge and falling edge) and the normalized power spectrum (shape pulse and rectangular pulse). The spectrum of the shape pulse has a better emission levels outside the main lobe than the spectrum of the rectangular (rec) pulse.

[bookmark: _Hlk523151277]FIGURE A1-13

Radar medium pulse and its normalized power spectrum
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[bookmark: _Hlk523152623]Figure A1-14 shows the 7 dB radar pulse compression gain for LFM medium pulses (shape pulse and rec pulse) and the 10 dB radar pulse compression gain for NLFM medium pulses (shape pulse and rec pulse). It is interesting to note that the main lobe of the NLFM pulse is wider than that of the LFM pulse, which confirmed with the tighter spectrum shape of the NLFM pulse than that of the LFM pulse as shown in Figure A1-15. Compressing in frequency results in expanding in time.

FIGURE A1-14

Linear frequency modulation & non-linear frequency modulation pulse compression on the radar medium pulse
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[bookmark: _Hlk523151379]FIGURE A1-15

Linear frequency modulation & non-linear frequency modulation normalized power spectrum
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Figure A1-16 shows the 7 dB radar pulse compression gain for LFM long pulses (shape pulse and rec pulse) and the 14 dB radar pulse compression gain for NLFM long pulses (shape pulse and rec pulse).  It is interesting to note that the main lobe of the NLFM pulse is wider than that of the LFM pulse.

FIGURE A1-16 

Linear frequency modulation & non-linear frequency modulation pulse compression on the radar long pulse

		[image: ]
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Civil aviation platform dynamics are assumed and the maximum dynamics (normal and abnormal manoeuvre) are in Table A1-3.

[bookmark: _Hlk33174270]TABLE A1-3

Maximum civil aviation platform dynamics

		Maneuver

		Ground speed

		Horizontal accel.

		Vertical accel.

		Total jerk



		Normal

		1 482 km/h

		0.58 g

		0.5 g

		0.25 g/s



		Abnormal

		1 482 km/h

		2.0 g

		1.5 g

		0.74 g/s







Figure A1-17 plots the modelled line-of-sight dynamics due to a constant jerk of 0.25 g/s and a maximum acceleration of 0.7658 g.

[bookmark: _Hlk2608083]FIGURE A1-17 

Modelled line-of-sight dynamics due to a constant 0.25 g/s jerk

[image: ]

The following assumptions are made for the purpose of this example: the System 8 radar is required to meet a probability of detection (PD) of 80%, the target is a Swerling I with radar cross section of 2.2 m2 at 200 NM, and the probability of false alarm (PFA) is 1x10-6.  Table A1-4 shows the derivation of the single-pulse (long pulse (LP)) received signal-to-noise from a target radar cross section of 2.2 m2 at 200 NM.

[Editor’s note: add the equation or a description of the derivation for Table A1-4]

TABLE A1-4

Derived single-pulse received signal-to-noise for a 2.2 m2 RCS target at 200 NM

		Parameters

		Units

		LP (113 µs)

		LP (115.5 µs)



		P = Transmit power, (50kW LP)

		dBW

		46.99

		46.99



		G = Max antenna gain

		dBi

		35.00

		35.00



		Carrier frequency (1240-1350 MHz)

		MHz

		1350

		1350



		Wavelength

		m

		0.22

		0.22



		Target cross section area

		m2

		2.20

		2.20



		Transmit pulse width (115.5+/-2.5 µs)

		s

		1.130E-04

		1.155E-04



		Receiver

		

		

		



		Thermal noise, No

		dBW/Hz

		-203.98

		-203.98



		Rx noise figure, F

		dB

		3.20

		3.20



		Rx noise, No + F

		dBW/Hz

		-200.78

		-200.78



		Rx noise bandwidth

		Hz

		8849.56

		8658.01



		System Loss

		dB

		1.00

		1.00



		Range, 200 NM, in dB

		dB

		55.69

		55.69



		Received single-pulse S/N from 200 NM

		dB

		11.93

		12.03







The receivedflected signal level from the target received by radar fluctuates due to the reflections that occur due to complex formed surfaces across of the target’s radar cross-section (RCS) with complexed formed surface.  The Swerling models (I – V), based on the Chi-square probability distribution with specific degrees of freedom, are used to describe the statistical properties of the radar cross-section of complex objects:

–	Swerling I model, a Chi-square distribution with two degrees of freedom, applies to a target consisting of many independent scatterers of roughly equal areas like airplanes, where the radar cross-section is constant from pulse to pulse in a single scan, but varies independently from scan to scan. The Swerling I model is a good model to use for a surveillance radar.

–	Swerling II model is similar to Swerling I model, except the RCS values are independent and vary from pulse to pulse.  The Swerling II model is a good model for a target tracking radar.

–	Swerling III model, a Chi-square distribution with four degrees of freedom, applies to a target consisting of one dominant reflector with many independent small scatterers, where the radar cross-section is constant from pulse to pulse in a single scan, but varies independently from scan to scan.

–	Swerling IV model is similar tolike the Swerling III model, except the RCS varies from pulse to pulse, rather than from scan to scan.  Examples include some helicopters and propeller driven aircraft.

–	Swerling V model, also known as Swerling 0, applies to the targets (without any fluctuation) with a constant RCS.

Based on the radar scan rate and the 3-dB radar beamwidth, there are about 12 radar pulses hitting the slow-moving target per the 3-dB radar beamwidth.  However, for the fast-moving targets, the number of radar pulses hitting the target per 3-dB radar beamwidth will be smaller.  System 8 radar is built to provide a 5-pulse non-coherent processing technique to improve the probability of target detection.  Utilizing 5-pulse non-coherent processing and Aassuming the probability of false alarm (PFA) of 1x10-6, Figure A1-178 plots the System 8 probability of detection (PD), as a function of thea single-pulse signal power to noise power ratio (S/N in dB).  Figure A1-178 also include the case of PFA = 3.5x10-6 and the case where the number of pulses for non-coherent processingper dwell time is reduced by 12, keeping PFA at 1x10-6.

FIGURE A1-178 

System 8 radar: Single-pulse signal to noise ratio required as a function of PD and PFA

[image: ]

[image: ]

From Figure A1-17, the single pulse S/N of 11.9 dB is required to meet a Swerling-I probability of detection, PD = 80% with a probability of false alarm, PFA = 1x10-6.  Hence, the single-pulse (long pulse) received S/N of 11.93 dB in Table A1-4 meets the required single-pulse S/N from Figure A1-18. 



Cascaded integrator comb (CIC) decimation filter is a computationally efficient, linear phase, narrowband low-pass filter, which is used to filter out the signals at the 5.18 MHz offset.  When the received RF signal is down-converted to IF and then from IF to baseband, the resulting signal will have a combination of long pulse (LP) and medium pulse (MP) signals at 0 Hz and at 5.18 MHz, depending on desired LP or MP processing chains.  For example, the processing chains for the LP signal will have the LP signal at the baseband and the MP signal at 5.18 MHz.  Similarly, the processing chains for the MP signal will have the MP signal at the baseband and the LP signal at 5.18 MHz.  CIC decimation filter designed with very deep null at 5.18 MHz is used to filter out the undesired signal in each chain and has the following transfer function:



Figure A1-18 shows the CIC filter frequency response, where the signal at the baseband will pass through and the signal with spectrum around 5.18 MHz will be filtered out.

[bookmark: _Hlk35607002]FIGURE A1-18 

CIC filter magnitude frequency response 

[image: ]



Figure A1-19 shows an example of the LP radar signal processing chains from LP IF signal (after A/D converter) through IF phase rotation processing, CIC filter processing, IF gain correction, and the LP compressed signal processing: the normalized received IF long pulse (top left), the normalized compressed LP – In-phase (I) component (top right), the normalized compressed LP – Quad-phase (Q) component (bottom left), and the normalized compressed LP – I minus Q (bottom right), where the compressed signal is normalized to the maximum amplitude of (I – Q).  The normalized compressed (I – Q) provides an enhanced signal detection (the presence of a peak clearly shown the presence of the LP signal from noise), as compared to the use of normalized compressed I alone or Q alone.

FIGURE A1-19 

Example of radar processing from the received IF signal to the pulse compressed signal
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The System 8 radar receiver has the following IF filter characteristics: 1.2 MHz passband at -3 dB, 2.88 MHz passband at -20 dB, 4.26 MHz passband at -40 dB, and 4.98 MHz at -60 dB.  The receiver IF filter will be used to evaluate the effects of the wideband chirp pulse interference, the broadband interference, and the out-of-band (OOB) pulse interference.





[Editor’s Note: The following types of interference scenarios are planned to be evaluated regarding their effects on the short pulse and the long pulse radar signals:

–	Gaussian white noise;

–	In-band pulse signals with varying pulse widths, pulse duty cycles, and pulse power levels;

–	OOB pulse signals with varying pulse widths, pulse duty cycles, and pulse power levels

–	Wideband chirp (LFM) pulse signals with varying chirp bandwidths, pulse widths, pulse duty cycles, and pulse power levels;

–	Broadband communication signal.]
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Introduction

Report ITU-R M.2204-0 was published in November 2010 in support of WRC-12 agenda item 1.3 efforts to identify the requirements of Unmanned Aircraft Systems (UAS).  Since the report was published, not only have the requirements of UAS evolved but, changes have also been made to the Radio Regulations that affect the frequency bands identified in Report ITU-R M.2204-0.  As a result Working Party 5B had been considering a revision to Report ITU-R M.2204-0 (see Annex 23 to Document 5B/538) with the intent of providing more accurate and up to date information to better assist developers of unmanned aircraft detect and avoid systems.

At the November 2018 Working Party 5B meeting it became obvious that the format of the existing report was not adequate for the needs of the intended audience so, it was decided to develop a new report to replace Report ITU-R M.2204-0.  Thus, an outline for the new report was developed during the November 2018 Working Party 5B meeting (see Annex 11 to 5B/646) to begin the process of developing a replacement report for the existing report.

At the April-May 2019 Working Party 5B meeting it was further decided to split the new report into two reports, one for airborne systems and one for ground based systems.  This report addresses airborne systems.

Proposal

The United States of America proposes to continue the effort to replace Report ITU-R M.2204-0.  This effort continues the development of a new report to replace Report ITU-R M.2204-0 using appropriate text from Report ITU-R M.2204-0 and developing text to characterize the frequency bands identified as being appropriate for UAS Detect and Avoid systems.
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ATTACHMENT

WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW 
REPORT ITU-R M.[UA-AIRBORNE-DAA]

Guidance on suitable frequency bands and services to be used by airborne unmanned aircraft detect-and-avoid non-cooperative systems

 (201X)

[bookmark: _Hlk517074496][Editor’s note: this editor’s note summarize the discussion on the scope of this new ITU-R Report

Introductory questions:

· Scope of this document : airborne and ground:

· 2 different reports: this one focused on airborne, the second one on ground systems: to be reconsider when materials will be available;

· Ground for small UA’s that don’t have the capability to carry radar: primary radar may be used to locate other aircraft/UA and communicate to the UA their location;

· Ground based radar around airport to complement the system onboard aircraft due to ground clutter that may affect efficiency of detection

· To identify the existing allocations to ARNS and/or RNS. The possible use of AMRS has not been agreed noting that:

· On one hand, it is not the aim to seek AMRS allocation for detect and avoid;

· On the other hand, some systems operating into AMRS may provide detect and avoid functions.

· To define the lower limit in the frequency

· To define the upper limit in the frequency

· To define the framework for each band

· Discussion took place on the 2 following options: 

· To continue to use the term Sense and Avoid that is not recognized by ICAO for RPAS

· or to use Detect and Avoid: to align definitions but the impact need to be further considered

· question was raised if the scope should cover all UA not under ICAO?:

· categories defined at EASA: open, specific, certified)

· certified UA have to be under ICAO regulation and possibly the specific ones

· Asia may have different approaches

· Non-cooperative scenarios]

Scope

Unmanned aircraft (UA) applications have been expanding throughout the world and will continue to increase the numbers of UA worldwide. With integration of UA into airspace, it is essential that spectrum to support UA detect and avoid (DAA)[footnoteRef:1] operations be clearly identified. This Report provides guidance as to which frequency bands are suitable best suited for UA DAA operations for systems fitted onboard aircraft for non-cooperative scenarios. [1: 	Previous ITU-R documents on unmanned aircraft systems, including ITU-R Report M.2204, have used the term sense-and-avoid (S&A) instead of DAA.  The reason for the change is that the the International Civil Aviation Organization (ICAO) uses DAA instead of S&A (see ICAO document 10019 (issued) and manual from RPAS panel).] 


The ground based stations used for UA DAA operations are not included in this ITU-R Report but can be found in ITU-R Report M.[UA_GROUND_DAA][footnoteRef:2]..  [2: 	Report ITU-R M.[UA_GROUND_DAA], “Guidance on suitable frequency bands and services to be used by unmanned aircraft ground bases detect-and-avoid non-cooperative systems”.] 


[Editor’s note: The intent of establishing this new Report is to replace the current Report ITU-R M.2204 in association with other Report(s) : e.g.ITU-R Report M.[UA_GROUND_DAA] on UA ground based detect and avoid D&A.]

Keywords

Unmanned Aircraft

List of abbreviations/glossary

ADS-B:	Automatic dependent surveillance-broadcast

ATC:	Air traffic control

CNPC:	Control and non-payload communications

DAA:	Detect and avoid

ICAO:	International Civil Aviation Organization

NMAC:	Near mid-air collision

TCAS:	Traffic collision avoidance system

UA:	Unmanned aircraft

UACS:	Unmanned aircraft control station

UAS:	Unmanned aircraft system
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ITU-R M.2004:	Characteristics and spectrum considerations for sense and avoid systems use on unmanned aircraft systems
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[bookmark: _Toc8306352]1	Background

Unmanned aircraft are powered aircraft that do not carry a human pilot, use aerodynamic forces to provide vehicle lift, and employ a remote pilot, fly semi-autonomously, or autonomously. The current state-of-the-art in unmanned aircraft system (UAS) design and operation has led to the rapid development of UAS applications to fill many diverse requirements. UAS applications include agricultural applications, communications relays, aerial photography, mapping, emergency management, scientific research, environmental monitoring, hurricane tracking, cloud seeding, volcano monitoring, forest fire suppression, emergency management, search and rescue operations, and law enforcement applications. The safe operation of UAS in civil airspace requires addressing the same issues as manned aircraft, namely integration into the air traffic control (ATC) system. Because the pilot is no longer onboard, a method of replacing the pilot’s responsibility to “see and avoid” other aircraft is required (see International Civil Aviation Organization’s (ICAO’s) Annex 2 “Rules of the Air”). While existing aircraft systems have been adapted or modified to accommodate the detect and avoid (DAA) requirements for cooperative targets, new electronic technologies are needed to address the DAA requirements for non-cooperative targets.

[bookmark: _Toc282088235][bookmark: _Toc8306353]2	Terminology/definitions

Control and non-payload communications (CNPC): The radio links, used to exchange information between the UA and UACS, that ensure safe, reliable, and effective UA flight operation. The functions of CNPC can be related to different types of information such as: telecommand messages, non-payload telemetry data, support for navigation aids, air traffic control voice relay, air traffic services data relay, target track data, airborne weather radar downlink data, non-payload video downlink data.

Detect and avoid (DAA): The capability to see, sense or detect conflicting traffic or other hazards and take the appropriate action

Intruder: An aircraft (manned or unmanned) that enters the DAA surveillance volume and tracked by the DAA system.

[Chairman’s note:  Is there a term that is less military in implication that could be used instead of Intruder]

Unmanned aircraft (UA): Designates all types of aircraft remotely controlled.

Unmanned aircraft control station (UACS): Facilities from which a UA is controlled remotely.

Unmanned aircraft systems (UAS): Consists of the following subsystems:

–	UA: (i.e. the aircraft itself);

–	UACS;

–	CNPC;

–	ATC communications subsystem (not necessarily relayed through the UA);

–	DAA;

–	Payload subsystem (e.g. Video camera …).

[bookmark: _Toc8306354][bookmark: _Toc282088236][Editor’s note: these following sections will need to be reviewed

[bookmark: _Toc8306355]2.12	Airspace

For the purposes of this report, the airspace may be grouped into three categories, namely:

–	ATC Separation Assurance Airspace – Air traffic control is responsible for safe separation of all aircraft. This comprises Classes A, B, and, if the UAS is operated in accordance with instrument flight rules, Class C airspace.

–	Limited or no ATC Separation Assurance Airspace – Air traffic control is not responsible for safe separation of all airspace users. This comprises Classes D, E, F and G airspace.

–	Segregated Airspace – A defined volume of airspace is reserved for exclusive use of a particular UAS. In such airspace there would be no air traffic control service and therefore ATC is not responsible for separation but there are one or more aircraft, under the control of the same operator, in this airspace at a given time.

[bookmark: _Toc8306356]2.23	Categories

In this report, the operations of UAS are classified in three main categories:

•	the 'open’ category is a category of UAS operation that, considering the risks involved, does not require a prior authorisation by the competent authority nor a declaration by the UAS operator before the operation takes place;

•	the ‘specific’ category is a category of UAS operation that, considering the risks involved, requires an authorisation by the competent authority before the operation takes place, taking into account the mitigation measures identified in an operational risk assessment, except for certain standard scenarios where a declaration by the operator is sufficient or when the operator holds a light UAS operator certificate with the appropriate privileges;

•	the ‘certified’ category is a category of UA operation that, considering the risks involved, requires the certification of the UAS, a licensed remote pilot and an operator approved by the competent authority, in order to ensure an appropriate level of safety.

]

[bookmark: _Toc8306357]3	Scenarios

[TBD?

Non-cooperative

Categories from EASA]

[bookmark: _Toc8306358]4	Description of principle for detect and avoid onboard unmanned aircraft

[

[Editor’s note: the section relative to the description of detect and avoid onboard unmanned aircraft will need to be updated including relevant information that could be received from ICAO but not only.]

The principle of a detect and avoid system is that it fits into the total systems approach to collision avoidance. As shown in Figure 1, the approach to collision avoidance uses a layered approach. Current technologies that may accommodate these layers include ATC procedures, ground and surface ATC surveillance systems, automatic dependent surveillance-broadcast (ADS-B), airborne collision avoidance system also called traffic collision avoidance system (TCAS), and DAA. [DAA has to be operative for the self-separation and collision avoidance layers.]

Figure 1

Layered collision avoidance approach

[image: ]

[bookmark: _Toc8306359]4.1	Applicability of detect and avoid to overall collision avoidance approach

An important point to consider in the design of a detect and avoid system is how it fits into the total systems approach to collision avoidance. ICAO Document 9854[footnoteRef:3] describes conflict management as consisting of three layers: strategic conflict management, remain well clear, and collision avoidance as shown in Figure 1. The DAA system provides the remain well clear and collision avoidance layers. [3:  Global Air Traffic Management Operational Concept, International Civil Aviation Organization Document 9854, First Edition, 2005.] 


Figure 1

Three layers of conflict management according to ICAO Doc 9854

[image: ]

4.1.1	Strategic conflict management

Strategic conflict management includes preflight actions performed to minimize potential flight path conflicts with, and maximize separation from, intruders. Strategic conflict management also includes risk mitigation that is achieved through airspace organization and management, demand and capacity balancing, and traffic synchronization.

4.1.2	Remain well clear/separation provision

At the remain well clear level of DAA, the system identifies the pilot to a potential violation of the DAA Well Clear volume. Based on the information provided by the DAA system, the pilot identifies whether, and if so, what type of a maneuver is necessary to avoid the intruder, and then executes that maneuver. If operating under an ATC clearance, the UA Pilot coordinates with ATC to obtain an amended clearance before executing the maneuver.

4.1.3	Collision avoidance

Collision avoidance is the last layer to of conflict management and aims to prevent an intruder from penetrating the near mid-air collision (NMAC) volume. The airborne collision avoidance system is a system that is currently used to this effect on manned aircraft.

[bookmark: _Toc282088240][bookmark: _Toc8306360]4.2	Aircraft-based detect and avoid

There are factors that drive the performance requirements needed from an RF-based airborne DAA sensor as shown in Figure 2. The number of factors that drive the performance requirements for an airborne DAA sensor is large resulting in a very difficult multidimensional trade space containing both dependent variables and independent variables. These factors include characteristics of the encounter including NMAC volume, the latencies in the actual airborne DAA system implementation, and the performance parameters of the radar used as the airborne DAA sensor.
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4.2.1	Encounter characteristics for aircraft-based detect sense and avoid

The first major factor driving the sensor performance requirements shown in Fig. 3 is Encounter characteristics, which include collision course geometries, closing speeds between the UA and another aircraft known as “the intruder”, the selected NMAC or well clear volume, collision avoidance zone size and overall aircraft traffic density. The second major class of factor driving the needed sensor performance includes the latencies in the system implementation. Specific latency drivers that need to be taken into account are minimum allowable detection/detection times, pilot response latencies, UA communications system latencies, airborne DAA sensor data processing delays and expected UA aero-performance characteristics. The last major factor driving airborne DAA sensor performance includes the characteristics of the radar such as angular accuracy, available power-aperture (i.e. detection range), radar cross-section of the intruder aircraft and track rate.

Closing speeds between the UA and an intruder and the NMAC or well clear volume, on the other hand, do have bearing on the necessary detection range needed to detect, track and perform a collision avoidance maneuver. Obviously, the faster the closing speed between the two aircraft, the longer the detection range from the radar that is needed. Additionally, larger NMAC or well clear volumes also increase detection range. Each plot in Figure 3 shows the distance between the UA and the intruder aircraft as a function of time before a maneuver is needed, and the time at which each curve is at a minimum is the point of closest approach assuming that the UA can perform a turn at a 15° bank angle. Using the minimum as a proxy for horizontal NMAC distance, one can see that a larger NMAC volume drives the system designer to needing a longer detection range.

Figure 3

Near mid-air collision size vs. time required to start avoidance manoeuvre

[image: ]

4.2.2	System latencies for aircraft-based detect sense and avoid

The DAA encounter timeline shown in Figure 4 defines the 8 major elements that need to be accounted for in an airborne DAA scenario. Again, as with the considerations associated with encounter geometries, system latencies ultimately drive the radar sensor detection range.

UA performance has a large impact on the system latencies. Obviously, a slower moving aircraft has more time to devote to detecting an intruder, but is often less maneuverable so it will probably have less ability to affect a collision avoidance maneuver in order to avoid a collision. On the other hand, UA that fly faster will have less time to devote to detecting an intruder, but these UA are often more maneuverable so they will probably have a greater ability to turn away from the collision.

FIGURE 4

Collision encounter timeline

[image: ]

4.2.3	Radar performance considerations for aircraft-based detect sense and avoid

Lastly, specific requirements on the performance of the radar component of the DAA system will affect the radar design and performance and be a main driver in frequency band selection. In particular, SWAP and the required accuracy of intruder position (as measured by angular and range resolution) will affect:

1)	The detection range of an intruder

The detection range of an intruder is highly dependent on the transmit power-gain product of the radar. Transmit power is usually the highest power consuming element in the radar, which will affect power consumption directly and other SWAP elements indirectly. In order to constrain the radar transmit power and power consumption, lower frequencies are preferred for two factors:

•	in general, lower frequencies have lower rain attenuation and atmospheric absorption factors as shown in Figure 5 below;

•	higher efficiency amplifiers are more readily available at lower frequencies and hence same output power can be obtained at lower power consumption.

For antenna gain evaluation, higher frequencies will have higher antenna gain for same antenna size.

Figure 5

Plot of atmospheric absorption at microwave frequencies

[image: Atmospheric absorption or electromagnetic energy vs. frequency]



2)	The accuracy of the intruder position

In order to estimate the intruder position, the radar measures the range, azimuth (bearing) and elevation angle of the intruder relative to the ownership UA.

The range resolution and accuracy is mainly dependent on the frequency bandwidth of the waveform and is usually sufficient to achieve required accuracy.

The radar usually relies on monopulse processing to improve angle accuracy. Typical accuracies are in the 1:10-1:20 of the 3 dB beamwidth of the antenna. For same antenna size, the beamwidth is reduced as the frequency is increased, and hence the accuracy is improved as the frequency is increased.  Note that reducing the beamwidth may have the adverse effect of needing a longer frame time to cover all the required field of regard, hence these parameters are usually traded in a system optimization.

Thus the proper selection of frequency is critical to the success of the airborne DAA radar. There is no optimum solution that fits all UAS classes, the solution will depend on the UAS class, and operational environment. As shown in Figure 6, the X band gives a compromise for trading all parameters. A lower band would have lower power consumption for same range requirement, but may need a larger size antenna to achieve the required antenna gain and intruder position accuracy. Frequencies below C band are not expected to achieve required angle accuracy. 

On the high frequency side, Ku band and higher can achieve required gain and position accuracy with smaller size, but may need higher power to achieve required detection range.

Figure 6

Qualitative evaluation of parameters that affect choice of frequency band

[image: ]

43.2.4	Other technical considerations for aircraft-based detect sense and avoid

Another factor that must be taken into account in the determination of a suitable frequency for an airborne radar sensor is electromagnetic interference compatibility, both local compatibility on the UA, as well as compatibility with co-primary users of the spectrum. For example, if a UA is carrying another radar as part of its mission payload, one would prefer that the DAA sensor frequency be out-of-band from the mission payload radar in order to minimize interference between the two radars. In addition, the prevalence of other radars (e.g. weather radars) in a certain frequency band may impact the use of that frequency band for airborne DAA.

]

[bookmark: _Toc8306361]5	Spectrum analysis on suitability for detect and avoid system onboard unmanned aircraft

[bookmark: _Toc8306362]5.1	Criteria for suitability of spectrum for detect and avoid systems

1/ The spectrum analysis on suitability is limited to frequency band for which an allocation to radionavigation service or to aeronautical radionavigation service on a primary allocation.

[Editor’s note: administrations are invited to provide rationale on the previous sentence.]

Worldwilde allocation would be needed for certified UA but for open or some specific unmanned, regional allocation may be appropriate. The impact of regional harmonization compared to a global one will need to be addressed.

[Editor’s note: The consideration of regional allocation may be different is we dealing with airborne DAA or ground based DAA.]



2/ Frequencies below 500 MHz are considered not suitable for DAA onboard aircraft equipment neither those above [40]GHz considering the technology not mature enough at this stage. 

[Editor’s note: administrations are invited to provide rationale on the previous sentence. For high frequency band that 40 GHz, there are RNS and ARNS allocations that might be also studied depending also of the conclusion of WRC-19]

3/ coexistence with other incumbent services/existing applications

Some of the frequency bands currently allocated to the radionavigation service and/or the aeronautical radionavigation service may also be allocated to other services and used by other applications that would make difficult to use for DAA.

When a frequency band is allocated in the same band to one or more other services, co-existence has to be ensured taking into account priories identified in allocation footnotes and that article 4.10 applies for the radionavigation service.

However, where no priority between co-primary users is not present, 4.10 does not provide priority between co-primary services. and in In these cases where of co-existence cannot be ensured, then the deployment of detect and avoid can be questioned and further analyses may be needed to determine compatibility and co-existence with other services prior to its operational deployment. 

4/ performance

[To be developed]

[bookmark: _Toc8306363]5.2	Analysis of suitability of frequency bands

[Editor’s note: to use section on frequency band 13.25-13.4 GHz as an example to structure the other frequency band]

5.2.1	Frequency band 960-1 215 MHz

5.2.1.1	Allocations to operate detect and avoid and other services in the frequency band 960‑1 215 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		960-1 164	AERONAUTICAL MOBILE (R)  5.327A 

				AERONAUTICAL RADIONAVIGATION  5.328

				5.328AA



		1 164-1 215	AERONAUTICAL  RADIONAVIGATION  5.328

				RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space)  				5.328B

				5.328A







5.327A	The use of the frequency band 960-1 164 MHz by the aeronautical mobile (R) service is limited to systems that operate in accordance with recognized international aeronautical standards. Such use shall be in accordance with Resolution 417 (Rev.WRC-15). (WRC-15)

5.328	The use of the band 960-1 215 MHz by the aeronautical radionavigation service is reserved on a worldwide basis for the operation and development of airborne electronic aids to air navigation and any directly associated ground-based facilities.     (WRC 2000)

5.328AA	The frequency band 1 087.7-1 092.3 MHz is also allocated to the aeronautical mobile-satellite (R) service (Earth‑to‑space) on a primary basis, limited to the space station reception of Automatic Dependent Surveillance-Broadcast (ADS‑B) emissions from aircraft transmitters that operate in accordance with recognized international aeronautical standards. Stations operating in the aeronautical mobile-satellite (R) service shall not claim protection from stations operating in the aeronautical radionavigation service. Resolution 425 (WRC‑15) shall apply.     (WRC‑15)



5.2.1.2 	Related ITU-R documents and aviation documents in the frequency band 960-1 215 MHz

Recommendations ITU-R M.1318, ITU-R M.1787, ITU-R M.1901, ITU-R M.1904, ITU-R M.1905, and ITU-R M.2030 apply to the radionavigation-satellite service in the band 1 164-1 215 MHz.  Resolution 417 (Rev.WRC-15) also contains provisions for the protection of RNSS in the 1 164-1 215 MHz band from AM(R)S airborne and ground-based stations in the frequency band 960-1 164 MHz.

[Editor’s Note:  Additional work on this section is needed] [TBD]



5.2.1.32	Suitability of the frequency band 960-1 215 MHz for detect and avoid systems onboard unmanned aircraft

No restriction in the RR.

The frequency band 960-1 215 MHz is operated by various aeronautical systems including DME, TACAN, TCAS, ADS-B, Multilateration, and non-ICAO (e.g. Recommendation ITU-R M.2013) systems and co-existence with DAA systems onboard aircraft is not ensured.  The 1 164-1 215 MHz portion of the band is also used for RNSS (space-to-Earth) and (space-to-space) services on a ubiquitous basis, including on aircraft, and this use presents additional co-existence issues.

The TCAS is operated at the frequencies 1 030/1 090 MHz and is used to ensure collision avoidance ADS-B surveillance systems operate only at 1 090 MHz and can also be used in a collision avoidance system.

This frequency band 960-1 215 MHz is considered not suitable for DAA systems onboard UA.



5.2.2	Frequency band 1 215-1 300 MHz

5.2.2.1	Allocations to operate detect and avoid and other services in the frequency band 1 215-1 300 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		1 215-1 240	EARTH EXPLORATION-SATELLITE (active)

				RADIOLOCATION

				RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space)  				5.328B  5.329  5.329A

				SPACE RESEARCH (active)

				5.330  5.331  5.332



		1 240-1 300	EARTH EXPLORATION-SATELLITE (active)

				RADIOLOCATION

				RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space)  				5.328B  5.329  5.329A

				SPACE RESEARCH (active)

				Amateur

				5.282  5.330  5.331  5.332  5.335  5.335A







5.329 Use of the radionavigation-satellite service in the band 1 215-1 300 MHz shall be subject to the condition that no harmful interference is caused to, and no protection is claimed from, the radionavigation service authorized under No. 5.331. Furthermore, the use of the radionavigation-satellite service in the band 1 215-1 300 MHz shall be subject to the condition that no harmful interference is caused to the radiolocation service. No. 5.43 shall not apply in respect of the radiolocation service. Resolution 608 (WRC-03)* shall apply.     (WRC‑03)

5.329A Use of systems in the radionavigation-satellite service (space-to-space) operating in the bands 1 215-1 300 MHz and 1 559-1 610 MHz is not intended to provide safety service applications, and shall not impose any additional constraints on radionavigation-satellite service (space-to-Earth) systems or on other services operating in accordance with the Table of Frequency Allocations.     (WRC‑07)

5.330 Additional allocation: in Angola, Saudi Arabia, Bahrain, Bangladesh, Cameroon, China, Djibouti, Egypt, the United Arab Emirates, Eritrea, Ethiopia, Guyana, India, Indonesia, Iran (Islamic Republic of), Iraq, Israel, Japan, Jordan, Kuwait, Nepal, Oman, Pakistan, the Philippines, Qatar, the Syrian Arab Republic, Somalia, Sudan, South Sudan, Chad, Togo and Yemen, the band 1 215-1 300 MHz is also allocated to the fixed and mobile services on a primary basis.     (WRC‑12)

5.331 Additional allocation: in Algeria, Germany, Saudi Arabia, Australia, Austria, Bahrain, Belarus, Belgium, Benin, Bosnia and Herzegovina, Brazil, Burkina Faso, Burundi, Cameroon, China, Korea (Rep. of), Croatia, Denmark, Egypt, the United Arab Emirates, Estonia, the Russian Federation, Finland, France, Ghana, Greece, Guinea, Equatorial Guinea, Hungary, India, Indonesia, Iran (Islamic Republic of), Iraq, Ireland, Israel, Jordan, Kenya, Kuwait, The Former Yugoslav Republic of Macedonia, Lesotho, Latvia, Lebanon, Liechtenstein, Lithuania, Luxembourg, Madagascar, Mali, Mauritania, Montenegro, Nigeria, Norway, Oman, Pakistan, the Netherlands, Poland, Portugal, Qatar, the Syrian Arab Republic, Dem. People’s Rep. of Korea, Slovakia, the United Kingdom, Serbia, Slovenia, Somalia, Sudan, South Sudan, Sri Lanka, South Africa, Sweden, Switzerland, Thailand, Togo, Turkey, Venezuela and Viet Nam, the band 1 215-1 300 MHz is also allocated to the radionavigation service on a primary basis. In Canada and the United States, the band 1 240-1 300 MHz is also allocated to the radionavigation service, and use of the radionavigation service shall be limited to the aeronautical radionavigation service.     (WRC‑12)

5.332 In the band 1 215-1 260 MHz, active spaceborne sensors in the Earth exploration-satellite and space research services shall not cause harmful interference to, claim protection from, or otherwise impose constraints on operation or development of the radiolocation service, the radionavigation-satellite service and other services allocated on a primary basis.     (WRC‑2000)

5.335 In Canada and the United States in the band 1 240-1 300 MHz, active spaceborne sensors in the Earth exploration-satellite and space research services shall not cause interference to, claim protection from, or otherwise impose constraints on operation or development of the aeronautical radionavigation service.     (WRC‑97)

5.335A In the band 1 260-1 300 MHz, active spaceborne sensors in the Earth exploration-satellite and space research services shall not cause harmful interference to, claim protection from, or otherwise impose constraints on operation or development of the radiolocation service and other services allocated by footnotes on a primary basis.     (WRC‑2000)



5.2.2.2 	Related ITU-R documents and aviation documents in the frequency band 1 215-1 300 MHz

Recommendation ITU-R M.1463 contains characteristics and protection criteria for radar systems operating in the aeronautical radionavigation and radiolocation service in the band 1 215-1 300 MHz.

Recommendations ITU-R M.1318, ITU-R M.1787, ITU-R M.1901, ITU-R M.1902, ITU-R M.1904, and ITU-R M.2030 apply to the radionavigation-satellite services in the band 1 215-1 300 MHz.

Recommendations ITU-R RS.577, ITU-R RS.1166, and ITU-R RS.2105 apply to the Earth exploration-satellite (active) and space research (active) services in the bands 1 215-1 300 MHz.

[Editor’s Note:  Additional work on this section is needed]



5.2.2.3	Suitability of the frequency band 1 215-1 300 MHz for detect and avoid systems onboard unmanned aircraft

While operation of DAA radars on UA is allowed in administrations and in frequency bands where No. 5.331 applies, there are many high powered ground based aviation and non-aviation radars that already operate in this band making coordination with DAA systems onboard UA difficult or impossible.  The frequency band 1 215-1 300 MHz is also used for many aviation and non-aviation RNSS (space-to-Earth) receivers, and by RNSS (space-to-space) receivers.  The frequency band 1 215-1 300 MHz is not recommended for DAA onboard UA due to the difficulty in coordinating with existing high powered ground based radars and the limited number of administrations where this band may be used.  There could also be onboard compatibility issues since RNSS receivers can also be installed onboard aircraft.

 [TBD]



5.2.32	Frequency band 1 300-1 350 MHz

5.2.32.1	Allocation to operate detect and avoid and other services in the frequency band 1 300‑1 350 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		1 300-1 350	RADIOLOCATION 

				AERONAUTICAL RADIONAVIGATION  5.337

				RADIONAVIGATION-SATELLITE (Earth-to-space)

				5.149  5.337A







5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.

5.337A	The use of the band 1 300-1 350 MHz by earth stations in the radionavigation-satellite service and by stations in the radiolocation service shall not cause harmful interference to, nor constrain the operation and development of, the aeronautical-radionavigation service.     (WRC‑2000)



5.2.3.2 	Related ITU-R documents and aviation documents in the frequency band 1 300-1 350 MHz

Recommendation ITU-R M.1463 contains characteristics and protection criteria for radar systems operating in the aeronautical radionavigation and radiolocation services in the band 1 215-1 400 MHz.

Recommendation ITU-R M.1584 contains a methodology for computing separation distances between earth stations of the radionavigation-satellite service (Earth-to-space) and radars of the radiolocation service and the aeronautical radionavigation service in the frequency band 1 300-1 350 MHz.



5.2.32.32	Suitability of the frequency band 1 300-1 350 MHz for detect and avoid systems onboard unmanned aircraft

Operation of DAA systems onboard UA is not possible due to ground based only restriction in RR No. 5.337 in the frequency band 1 300-1 350 MHz.



5.2.43	Frequency band 1 559-1 626.5 MHz

5.2.43.1	Allocations to operate detect and avoid and other services in the frequency band 1 559‑1 626.5 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		1 559-1 610	AERONAUTICAL RADIONAVIGATION

				RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space)  				5.208B  5.328B  5.329A

				5.341



		1 610-1 610.6

MOBILE-SATELLITE
(Earth-to-space)  5.351A

AERONAUTICAL
RADIONAVIGATION



		1 610-1 610.6

MOBILE-SATELLITE
(Earth-to-space)  5.351A

AERONAUTICAL
RADIONAVIGATION

RADIODETERMINATION-
SATELLITE
(Earth-to-space)

		1 610-1 610.6

MOBILE-SATELLITE
(Earth-to-space)  5.351A

AERONAUTICAL
RADIONAVIGATION

Radiodetermination-satellite
(Earth-to-space)



		5.341  5.355  5.359  5.364  
5.366  5.367  5.368  5.369  
5.371  5.372

		
5.341  5.364  5.366  5.367  
5.368  5.370  5.372

		
5.341  5.355  5.359  5.364  5.366  5.367  5.368  5.369  5.372



		1 610.6-1 613.8

MOBILE-SATELLITE
(Earth-to-space)  5.351A

RADIO ASTRONOMY

AERONAUTICAL
RADIONAVIGATION

		1 610.6-1 613.8

MOBILE-SATELLITE
(Earth-to-space)  5.351A

RADIO ASTRONOMY

AERONAUTICAL
RADIONAVIGATION

RADIODETERMINATION-SATELLITE (Earth-to-space)

		1 610.6-1 613.8

MOBILE-SATELLITE
(Earth-to-space)  5.351A

RADIO ASTRONOMY

AERONAUTICAL
RADIONAVIGATION

Radiodetermination-satellite
(Earth-to-space) 



		5.149  5.341  5.355  5.359  5.364  5.366  5.367  5.368  5.369  
5.371  5.372

		
5.149  5.341  5.364  5.366  
5.367  5.368  5.370  5.372

		5.149  5.341  5.355  5.359  5.364  5.366  5.367  5.368  5.369  
5.372



		1 613.8-1 626.5

MOBILE-SATELLITE
(Earth-to-space)  5.351A

AERONAUTICAL
RADIONAVIGATION

Mobile-satellite (space-to-Earth)
5.208B

		1 613.8-1 626.5

MOBILE-SATELLITE
(Earth-to-space)  5.351A

AERONAUTICAL
RADIONAVIGATION

RADIODETERMINATION-
SATELLITE
(Earth-to-space)

Mobile-satellite (space-to-Earth)
5.208B

		1 613.8-1 626.5

MOBILE-SATELLITE
(Earth-to-space)  5.351A

AERONAUTICAL RADIONAVIGATION

Mobile-satellite (space-to-Earth)
5.208B

Radiodetermination-satellite
(Earth-to-space)



		5.341  5.355  5.359  5.364  5.365  5.366  5.367  5.368  5.369  
5.371  5.372

		
5.341  5.364  5.365  5.366  
5.367  5.368  5.370  5.372

		5.341  5.355  5.359  5.364  5.365  5.366  5.367  5.368  5.369  
5.372







5.208B[footnoteRef:4]*	In the frequency bands: [4: * 	This provision was previously numbered as No. 5.347A.  It was renumbered to preserve the sequential order.] 


137-138 MHz,

387-390 MHz,

400.15-401 MHz,

1 452-1 492 MHz,

1 525-1 610 MHz,

1 613.8-1 626.5 MHz,

2 655-2 690 MHz,

21.4-22 GHz,

Resolution 739 (Rev.WRC-15) applies. (WRC-15)

5.328B	The use of the bands 1 164-1 300 MHz, 1 559-1 610 MHz and 5 010-5 030 MHz by systems and networks in the radionavigation-satellite service for which complete coordination or notification information, as appropriate, is received by the Radiocommunication Bureau after 1 January 2005 is subject to the application of the provisions of Nos. 9.12, 9.12A and 9.13. Resolution 610 (WRC-03) shall also apply; however, in the case of radionavigation-satellite service (space-to-space) networks and systems, Resolution 610 (WRC-03) shall only apply to transmitting space stations.  In accordance with No. 5.329A, for systems and networks in the radionavigation-satellite service (space-to-space) in the bands 1 215-1 300 MHz and 1 559-1 610 MHz, the provisions of Nos. 9.7, 9.12, 9.12A and 9.13 shall only apply with respect to other systems and networks in the radionavigation-satellite service (space-to-space).     (WRC‑07)

5.329A	Use of systems in the radionavigation-satellite service (space-to-space) operating in the bands 1 215-1 300 MHz and 1 559-1 610 MHz is not intended to provide safety service applications, and shall not impose any additional constraints on radionavigation-satellite service (space-to-Earth) systems or on other services operating in accordance with the Table of Frequency Allocations.     (WRC‑07)

5.351A For the use of the bands 1 518-1 544 MHz, 1 545-1 559 MHz, 1 610-1 645.5 MHz, 1 646.5-1 660.5 MHz, 1 668-1 675 MHz, 1 980-2 010 MHz, 2 170-2 200 MHz, 2 483.5-2 520 MHz and 2 670-2 690 MHz by the mobile-satellite service, see Resolutions 212 (Rev.WRC-07)[footnoteRef:5]* and 225 (Rev.WRC-07) [footnoteRef:6]**. (WRC-07) [5: * Note by the Secretariat: This Resolution was revised by WRC-15.]  [6: ** 	Note by the Secretariat: This Resolution was revised by WRC-12.] 


5.355	Additional allocation:  in Bahrain, Bangladesh, Congo (Rep. of the), Djibouti, Egypt, Eritrea, Iraq, Israel, Kuwait, Qatar, Syrian Arab Republic, Somalia, Sudan, South Sudan, Chad, Togo and Yemen, the bands 1 540-1 559 MHz, 1 610-1 645.5 MHz and 1 646.5-1 660 MHz are also allocated to the fixed service on a secondary basis.    (WRC‑12)

5.359	Additional allocation:  in Germany, Saudi Arabia, Armenia, Azerbaijan, Belarus, Benin, Cameroon, the Russian Federation, France, Georgia, Guinea, Guinea-Bissau, Jordan, Kazakhstan, Kuwait, Lithuania, Mauritania, Uganda, Uzbekistan, Pakistan, Poland, the Syrian Arab Republic, Kyrgyzstan, the Dem. People’s Rep. of Korea, Romania, Tajikistan, Tunisia, Turkmenistan and Ukraine, the frequency bands 1 550-1 559 MHz, 1 610-1 645.5 MHz and 1 646.5-1 660 MHz are also allocated to the fixed service on a primary basis. Administrations are urged to make all practicable efforts to avoid the implementation of new fixed-service stations in these frequency bands.     (WRC‑15)

5.364	The use of the band 1 610-1 626.5 MHz by the mobile-satellite service (Earth-to-space) and by the radiodetermination-satellite service (Earth-to-space) is subject to coordination under No. 9.11A. A mobile earth station operating in either of the services in this band shall not produce a peak e.i.r.p. density in excess of 􀀐15 dB(W/4 kHz) in the part of the band used by systems operating in accordance with the provisions of No. 5.366 (to which No. 4.10 applies), unless otherwise agreed by the affected administrations. In the part of the band where such systems are not operating, the mean e.i.r.p. density of a mobile earth station shall not exceed –3 dB(W/4 kHz). Stations of the mobile-satellite service shall not claim protection from stations in the aeronautical radionavigation service, stations operating in accordance with the provisions of No. 5.366 and stations in the fixed service operating in accordance with the provisions of No. 5.359.  Administrations responsible for the coordination of mobile-satellite networks shall make all practicable efforts to ensure protection of stations operating in accordance with the provisions of No. 5.366.

5.366	The band 1 610-1 626.5 MHz is reserved on a worldwide basis for the use and development of airborne electronic aids to air navigation and any directly associated ground-based or satellite-borne facilities. Such satellite use is subject to agreement obtained under No. 9.21.

5.367	Additional allocation:  The frequency band 1 610-1 626.5 MHz is also allocated to the aeronautical mobile-satellite (R) service on a primary basis, subject to agreement obtained under No. 9.21.    (WRC‑12)

5.368	With respect to the radiodetermination-satellite and mobile-satellite services the provisions of No. 4.10 do not apply in the band 1 610-1 626.5 MHz, with the exception of the aeronautical radionavigation-satellite service.

5.369	Different category of service:  in Angola, Australia, China, Eritrea, Ethiopia, India, Iran (Islamic Republic of), Israel, Lebanon, Liberia, Madagascar, Mali, Pakistan, Papua New Guinea, Syrian Arab Republic, the Dem. Rep. of the Congo, Sudan, South Sudan, Togo and Zambia, the allocation of the band 1 610-1 626.5 MHz to the radiodetermination-satellite service (Earth-to-space) is on a primary basis (see No. 5.33), subject to agreement obtained under No. 9.21 from countries not listed in this provision.    (WRC‑12)

5.371	Additional allocation: in Region 1, the band 1 610-1 626.5 MHz (Earth-to-space) is also allocated to the radiodetermination-satellite service on a secondary basis, subject to agreement obtained under No. 9.21.     (WRC‑12)



5.2.4.2 	Related ITU-R documents and aviation documents in the frequency band 1 559-1 626.5 MHz

Recommendations ITU-R M.1318, ITU-R M.1787, ITU-R M.1091, ITU-R M.1903, ITU-R M.1904, and ITU-R M.2030 apply to the radionavigation-satellite services in the band 1 559-1 610 MHz.

[Editor’s Note:  Additional work on this section is needed]



5.2.43.32	Suitability of the frequency band 1 559-1 626.5 MHz for detect and avoid systems onboard unmanned aircraft

5.2.4.3.1	1 559-1 610 MHz

No restriction in the RR.

Noting that Tthe frequency band 1 559-1 610 MHz is used to provide radionavigation-satellite service (RNSS) in the space-to-Earth and space-to-space directions that provide critical position, navigation and timing (PNT) for multiple applications, the frequency band 1 559-1 610 MHz is considered not suitable for DAA systems onboard unmanned aircraft.

5.2.5.3.1	1 610-1 626.5 MHz

No restriction in the RR.

1 610-1 626.5 MHz is operated by various satellite systems and co-existence with DAA systems is not ensured.

This frequency band 1 5591 610-1 626.5 MHz could be is considered not suitable for DAA systems onboard UA unmanned aircraft provided if compatibility with the various satellite systems that operate in this band is ensured and compatibility with RNSS (space-to-Earth) receivers operating in the adjacent 1 559-1 610 MHz frequency band is also ensured.  There could also be onboard compatibility issues since these satellite systems can also be installed onboard aircraft.

5.2.54	Frequency band 2 700-3 100 MHz

5.2.54.1	Allocations to operate detect and avoid and other services in the frequency band 2 700‑3 100 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		2 700-2 900	AERONAUTICAL RADIONAVIGATION  5.337

				Radiolocation

				5.423  5.424



		2 900-3 100	RADIOLOCATION  5.424A

				RADIONAVIGATION  5.426

				5.425  5.427







5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.

5.423	In the band 2 700-2 900 MHz, ground-based radars used for meteorological purposes are authorized to operate on a basis of equality with stations of the aeronautical radionavigation service.

5.424	Additional allocation:  in Canada, the band 2 850-2 900 MHz is also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars.

5.424A	In the band 2 900-3 100 MHz, stations in the radiolocation service shall not cause harmful interference to, nor claim protection from, radar systems in the radionavigation service.      (WRC-03).

5.426 The use of the band 2 900-3 100 MHz by the aeronautical radionavigation service is limited to ground-based radars.



5.2.5.2 	Related ITU-R documents and aviation documents in the frequency band 2 700-3 100 MHz

Recommendation ITU-R M.1464 contains characteristics and protection criteria for radar systems operating in the aeronautical radionavigation and radiolocation services in the band 2 700-2 900 MHz.  Recommendation ITU-R M.1849 contains the technical and operational aspects of ground based meteorological radars.



5.2.5.32	Suitability of the frequency band 2 700-3 100 MHz for detect and avoid systems onboard unmanned aircraft

5.2.5.3.1	2 700-2 900 MHz

Operation of DAA systems onboard unmanned aircraft is not possible due to ground based only restriction in RR No.5.337 in the frequency band 2 700-2 900 MHz. Additionally, many radars are operated including for meteorological radars (5.423) making the 2 700-2 900 MHz this frequency band not suitable for DAA systems onboard UA.

5.2.5.3.2	2 900-3 100 MHz

Operation of DAA systems onboard unmanned aircraft is not possible due to ground based only restriction in RR No.5.426 in Tthe frequency band 2 900-3 100 MHz.  Additionally is operated by various radar systems operate in this band and co-existence with DAA systems onboard aircraft is not ensured.

Theis frequency band 2 900-3 100 MHz is considered not suitable for DAA systems onboard UA.

5.2.65	Frequency band 4 200-4 400 MHz

5.2.65.1	Allocations to operate detect and avoid and other services in the frequency band 4 200‑4 400 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		4 200-4 400	AERONAUTICAL MOBILE (R)  5.436

				AERONAUTICAL RADIONAVIGATION  5.438

				5.437  5.439  5.440







5.436	Use of the frequency band 4 200-4 400 MHz by stations in the aeronautical mobile (R) service is reserved exclusively for wireless avionics intra-communication systems that operate in accordance with recognized international aeronautical standards. Such use shall be in accordance with Resolution 424 (WRC-15).     (WRC-15)

5.437	Passive sensing in the Earth exploration-satellite and space research services may be authorized in the frequency band 4 200-4 400 MHz on a secondary basis.     (WRC-15)

5.438	Use of the frequency band 4 200-4 400 MHz by the aeronautical radionavigation service is reserved exclusively for radio altimeters installed on board aircraft and for the associated transponders on the ground.     (WRC-15)

5.439	Additional allocation: in Iran (Islamic Republic of), the band 4 200-4 400 MHz is also allocated to the fixed service on a secondary basis.     (WRC-12)

5.440	The standard frequency and time signal-satellite service may be authorized to use the frequency 4 202 MHz for space-to-Earth transmissions and the frequency 6 427 MHz for Earth-to-space transmissions. Such transmissions shall be confined within the limits of ± 2 MHz of these frequencies, subject to agreement obtained under No. 9.21.



5.2.6.2 	Related ITU-R documents and aviation documents in the frequency band 4 200-4 400 MHz

Recommendation ITU-R M.2059 contains characteristics and protection criteria for radio altimeter systems operating in the aeronautical radionavigation service in the band 4 200-4 400 MHz and Recommendation M.2085 contains characteristics and protection criteria for wireless avionics intra-communication systems operating in the aeronautical mobile (R) service in the frequency band 4 200-4 400 MHz.  Recommendation ITU-R RS-1624 contains information on sharing between the Earth exploration satellite (passive) service and airborne altimeters in the aeronautical radionavigation service in the band 4 200-4 400 MHz.

The aeronautical radionavigation service in the band 4 200-4 400 MHz is used for aircraft radio altimeter systems.  Information on these weather detection systems can be found in and Technical Standard Orders C87a[footnoteRef:7] and C92c[footnoteRef:8]. [7:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-687a Airborne Low Range Radar Altimeter, 31 May 2012.]  [8:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C92c, Airborne Ground Proximity Warning Equipment, 19 March 1996.] 


5.2.65.32	Suitability of the frequency band 4 200-4 400 MHz for detect and avoid systems onboard unmanned aircraft

Operation of DAA systems onboard unmanned aircraft is not possible due to radio altimeter only restriction on the aeronautical radionavigation service in RR No. 5.438 in the band 4 200-4 400 MHz.

5.2.76	Frequency band 5 000-5 250 MHz

5.2.76.1	Allocations to operate detect sense and avoid and other services in the frequency band 5 000‑5 250 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		5 000-5 010	AERONAUTICAL MOBILE-SATELLITE (R)  5.443AA

				AERONAUTICAL  RADIONAVIGATION

				RADIONAVIGATION-SATELLITE (Earth-to-space)



		5 010-5 030	AERONAUTICAL MOBILE-SATELLITE (R)  5.443AA

				AERONAUTICAL  RADIONAVIGATION

				RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space)

				5.328B  5.443B



		5 030-5 091	AERONAUTICAL MOBILE (R)  5.443C

				AERONAUTICAL MOBILE-SATELLITE (R)  5.443D

				AERONAUTICAL  RADIONAVIGATION

				5.444



		5 091-5 150	FIXED-SATELLITE (Earth-to-space)  5.444A

				AERONAUTICAL MOBILE  5.444B

				AERONAUTICAL MOBILE-SATELLITE (R)  5.443AA

				AERONAUTICAL RADIONAVIGATION

				5.444



		5 150-5 250	FIXED-SATELLITE (Earth-to-space)  5.447A

				MOBILE except aeronautical mobile  5.446A  5.446B

				AERONAUTICAL RADIONAVIGATION

				5.446  5.446C  5.447  5.447B  5.447C







5.443C	The use of the frequency band 5 030-5 091 MHz by the aeronautical mobile (R) service is limited to internationally standardized aeronautical systems. Unwanted emissions from the aeronautical mobile (R) service in the frequency band 5 030-5 091 MHz shall be limited to protect RNSS system downlinks in the adjacent 5 010-5 030 MHz band. Until such time that an appropriate value is established in a relevant ITU-R Recommendation, the e.i.r.p. density limit of −75 dBW/MHz in the frequency band 5 010-5 030 MHz for any AM(R)S station unwanted emission should be used.     (WRC‑12)

5.444	The frequency band 5 030-5 150 MHz is to be used for the operation of the international standard system (microwave landing system) for precision approach and landing. In the frequency band 5 030-5 091 MHz, the requirements of this system shall have priority over other uses of this frequency band. For the use of the frequency band 5 091-5 150 MHz, No. 5.444A and Resolution 114 (Rev.WRC-15) apply.     (WRC‑15)

5.444B	The use of the frequency band 5 091-5 150 MHz by the aeronautical mobile service is limited to:

–	systems operating in the aeronautical mobile (R) service and in accordance with international aeronautical standards, limited to surface applications at airports. Such use shall be in accordance with Resolution 748 (Rev.WRC-15);

–	aeronautical telemetry transmissions from aircraft stations (see No. 1.83) in accordance with Resolution 418 (Rev.WRC-15).     (WRC‑15)

5.446	Additional allocation:  in the countries listed in No. 5.369, the frequency band 5 150‑5 216 MHz is also allocated to the radiodetermination-satellite service (space-to-Earth) on a primary basis, subject to agreement obtained under No. 9.21. In Region 2 (except in Mexico), the frequency band is also allocated to the radiodetermination-satellite service (space-to-Earth) on a primary basis. In Regions 1 and 3, except those countries listed in No. 5.369 and Bangladesh, the frequency band is also allocated to the radiodetermination-satellite service (space-to-Earth) on a secondary basis. The use by the radiodetermination-satellite service is limited to feeder links in conjunction with the radiodetermination-satellite service operating in the frequency bands 1 610-1 626.5 MHz and/or 2 483.5-2 500 MHz. The total power flux-density at the Earth’s surface shall in no case exceed −159 dB(W/m2) in any 4 kHz band for all angles of arrival.     (WRC‑15)

5.446C	Additional allocation:  in Region 1 (except in Algeria, Saudi Arabia, Bahrain, Egypt, United Arab Emirates, Jordan, Kuwait, Lebanon, Morocco, Oman, Qatar, Syrian Arab Republic, Sudan, South Sudan and Tunisia) and in Brazil, the band 5 150-5 250 MHz is also allocated to the aeronautical mobile service on a primary basis, limited to aeronautical telemetry transmissions from aircraft stations (see No. 1.83), in accordance with Resolution 418 (Rev.WRC‑12)[footnoteRef:9]*. These stations shall not claim protection from other stations operating in accordance with Article 5. No. 5.43A does not apply.    (WRC‑12) [9: * 	Note by the Secretariat:  This Resolution was revised by WRC-15.] 


5.447	Additional allocation:  in Côte d'Ivoire, Egypt, Israel, Lebanon, the Syrian Arab Republic and Tunisia, the band 5 150-5 250 MHz is also allocated to the mobile service, on a primary basis, subject to agreement obtained under No. 9.21. In this case, the provisions of Resolution 229 (Rev.WRC‑12) do not apply.    (WRC‑12)

5.447B	Additional allocation:  the band 5 150-5 216 MHz is also allocated to the fixed-satellite service (space-to-Earth) on a primary basis. This allocation is limited to feeder links of non-geostationary-satellite systems in the mobile-satellite service and is subject to provisions of No. 9.11A. The power flux-density at the Earth’s surface produced by space stations of the fixed-satellite service operating in the space-to-Earth direction in the band 5 150-5 216 MHz shall in no case exceed –164 dB(W/m2) in any 4 kHz band for all angles of arrival.



5.2.7.2 	Related ITU-R documents and aviation documents in the frequency band 5 000-5 250 MHz

Recommendations ITU-R M.1318, ITU-R M.1901, ITU-R M.1906, and ITU-R M.2031 apply to the radionavigation-satellite services in the bands 5 000-5 010 MHz and 5 010-5 030 MHz.

[Editor’s Note:  Additional work on this section is needed]

[TBD]



5.2.76.32	Suitability of the frequency band 5 000-5 250 MHz for detect and avoid systems onboard unmanned aircraft

The frequency band 5 000-5 250 MHz is operated or planned by various aeronautical systems including the microwave landing system, the radionavigation-satellite service links, UAS terrestrial and satellite C2 Links, and radio local area networks, in 5 150-5 250 MHz aeronautical telemetry downlinks, the fixed-satellite service (Earth-to-space) (space-to-Earth), and the mobile service.  Therefore, co-existence of with DAA systems onboard unmanned aircraft is not ensured.

Theis frequency band 5 000-5 250 MHz is considered not suitable for DAA systems onboard UA.

[Editor’s Note:  Additional work on this section is needed]



5.2.87	Frequency band 5 350-5 470 MHz

5.2.87.1	Allocations to operate detect sens and avoid and other services in the frequency band 5 350‑5 470 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		5 350-5 460	EARTH EXPLORATION-SATELLITE (active)  5.448B

		RADIOLOCATION  5.448D

		AERONAUTICAL RADIONAVIGATION  5.449

		SPACE RESEARCH (active)  5.448C



		5 460-5 470	EARTH EXPLORATION-SATELLITE (active)

		RADIOLOCATION  5.448D

		RADIONAVIGATION  5.449

		SPACE RESEARCH (active)

		5.448B







5.448B	The Earth exploration-satellite service (active) operating in the band 5 350-5 570 MHz and space research service (active) operating in the band 5 460-5 570 MHz shall not cause harmful interference to the aeronautical radionavigation service in the band 5 350-5 460 MHz, the radionavigation service in the band 5 460-5 470 MHz and the maritime radionavigation service in the band 5 470-5 570 MHz.     (WRC-03)

5.448C	The space research service (active) operating in the band 5 350-5 460 MHz shall not cause harmful interference to nor claim protection from other services to which this band is allocated.      (WRC-03)

5.448D	In the frequency band 5 350-5 470 MHz, stations in the radiolocation service shall not cause harmful interference to, nor claim protection from, radar systems in the aeronautical radionavigation service operating in accordance with No. 5.449.      (WRC-03)

5.449	The use of the band 5 350-5 470 MHz by the aeronautical radionavigation service is limited to airborne radars and associated airborne beacons.



5.2.8.2	Related ITU-R documents and aviation documents in the frequency band 5 350-5 470 MHz

Recommendation ITU-R M.1638 contains characteristics and protection criteria for systems operating in the aeronautical radionavigation and radiolocations services in the band 5 350-5 470 MHz.  Technical Standard Order C212[footnoteRef:10] contains the aviation standards for airborne DAA radars operating in the aeronautical radionavigation service in various bands including the band 5 350-5 470 MHz.  The aeronautical radionavigation service in the band 5 350-5 470 MHz is also used for systems that provide weather information for pilots onboard aircraft.  Information on these weather detection systems can be found in and Technical Standard Order (TSO) C63c[footnoteRef:11]. [10:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.]  [11:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C63c, Airborne Weather and Ground Mapping Pulsed Radars, 18 August 1983.] 


Recommendations ITU-R RS.577, ITU-R RS.1166, and ITU-R RS.2105 apply to the Earth exploration-satellite (active) and space research (active) services in the bands 5 350-5 470 MHz.

There are no ITU-R Recommendations that apply to the Earth exploration-satellite (active) and space research (active) services in the band 5 350-5 470 MHz.

There are no ITU-R Recommendations that apply to the maritime radionavigation service in the band 5 470-5 570 MHz.



5.2.87.32	Suitability of the frequency band 5 350-5 470 MHz for detect and avoid systems onboard unmanned aircraft

No restriction in the RR.

Noting that the use of the Earth exploration satellite (active) service, Sspace research service (active) and radiolocation service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service, the band 5 350-5 470 MHz may be is suitable for operation of DAA systems onboard UA.  However, DAA systems should take all practicable measures to ensure the compatibility of the DAA system with the incumbent services in the band.

The use of the Earth exploration satellite (active) service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service.  However there are operational EESS (active) missions for which compatibility with DAA systems has not been ensured.  Therefore DAA systems should take all practicable measures to minimize the chance of interference causing the premature obsolescence of in-orbit EESS (active) assets.

DAA systems need to be compatible with existing aviation weather radar system that operate in the band 5 350-5 470 MHz and colocation of a DAA system on an aircraft that is also equipped with a weather radar that operates in this band may be difficult.

Operators need to be aware that the maritime radionavigation service also operates in the band 5 350-5 470 MHz and coordination between the two services may be required is some locations.

It is recommended that DAA system employ interference monitoring and channel switching techniques to minimize interference from aviation weather radars and other radars operating in this band. For more information see Technical Standard Order C212.

The frequency band 5 350-5 470 MHz is operated or planned by various radars systems and satellites operating in the Earth exploration satellite service and co-existence with DAA systems onboard aircraft is not ensured.

This frequency band 5 350-5 470 MHz is considered not suitable for DAA systems onboard UA.



5.2.98	Frequency band 8 750-8 850 MHz

5.2.98.1	Allocations to operate detect and avoid and other services in the frequency band 8 750‑8 850 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		8 750-8 850	RADIOLOCATION

				AERONAUTICAL RADIONAVIGATION  5.470

				5.471







5.470	The use of the band 8 750-8 850 MHz by the aeronautical radionavigation service is limited to airborne Doppler navigation aids on a centre frequency of 8 800 MHz.

5.471	Additional allocation:  in Algeria, Germany, Bahrain, Belgium, China, Egypt, the United Arab Emirates, France, Greece, Indonesia, Iran (Islamic Republic of), Libya, the Netherlands, Qatar and Sudan, the frequency bands 8 825-8 850 MHz and 9 000-9 200 MHz are also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars only.     (WRC‑15)



5.2.9.2 	Related ITU-R documents and aviation documents in the frequency band 8 750-8 850 MHz

Recommendation ITU-R M.1796-2 contains characteristics and protection criteria for systems operating in the aeronautical radionavigation and radiolocations services in the band 8 500-10 680 MHz and includes characteristics for a DAA radar that operates in the band 8 750-8 850 MHz.  Technical Standard Order C212[footnoteRef:12] contains the aviation standards for airborne DAA radars operating in the aeronautical radionavigation service in various bands including the band 8 750-8 850 MHz. The aeronautical radionavigation service in the band 8 750-8 850 MHz is also used for systems that provide weather information for pilots onboard aircraft.  Information on these weather detection systems can be found in and Technical Standard Order C65a[footnoteRef:13]. [12:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.]  [13:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C65a, Airborne Doppler Radar Ground Speed and/or Drift Angle Measuring Equipment (for Air Carrier Aircraft), 18 August 1983.] 




5.2.98.32	Suitability of the frequency band 8 750-8 850 MHz for detect and avoid systems onboard unmanned aircraft

No restriction in the RR.

The band 8 750-8 850 MHz is suitable for Ooperation of DAA systems onboard UA is allowed provided the DAA system employs Doppler frequency shift processing to comply with the cannot be fully complied due to restriction only to Doppler aids requirement in RR No. 5.470 in 8 750-8 850 MHz.

DAA systems need to be compatible with existing aviation weather radar system that operate in the frequency band 8 750-8 850 MHz and colocation of a DAA system on an aircraft that is also equipped with a weather radar that operates in this band may be difficult.

It is recommended that DAA system employ interference monitoring and channel switching techniques to minimize interference from aviation weather radars and other radars operating in this band. For more information see Technical Standard Order C212.

The frequency band 8 750-8 850 MHz is operated or planned by various radars systems and co‑existence with detect and avoid systems onboard aircraft is not ensured, then this frequency band 8 750-8 850 MHz is considered not suitable for DAA systems onboard UA.



5.2.10	Frequency band 9 000-9 200 MHz

5.2.10.1	Allocations to operate detect and avoid and other services in the frequency band 9 000‑9 200 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		9 000-9 200	RADIOLOCATION

				AERONAUTICAL RADIONAVIGATION  5.337

				5.471  5.473A







5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.

5.471	Additional allocation:  in Algeria, Germany, Bahrain, Belgium, China, Egypt, the United Arab Emirates, France, Greece, Indonesia, Iran (Islamic Republic of), Libya, the Netherlands, Qatar and Sudan, the frequency bands 8 825-8 850 MHz and 9 000-9 200 MHz are also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars only.     (WRC‑15)

5.473A	In the band 9 000-9 200 MHz, stations operating in the radiolocation service shall not cause harmful interference to, nor claim protection from, systems identified in No. 5.337 operating in the aeronautical radionavigation service, or radar systems in the maritime radionavigation service operating in this band on a primary basis in the countries listed in No. 5.471.     (WRC-07)



5.2.10.2 	Related ITU-R documents and aviation documents in the frequency band 9 000-9 200 MHz

Recommendation ITU-R M.1796-2 contains characteristics and protection criteria for systems operating in the aeronautical radionavigation and radiolocations services in the band 8 500-10 680 MHz and includes characteristics for precision approach and landing radar, Airport surveillance radar, and Airport surface detection equipment (ASDE) radars.



5.2.10.3	Suitability of the frequency band 9 000-9 200 MHz for detect and avoid systems onboard unmanned aircraft

Operation of DAA systems onboard UA is not possible due to ground based only restriction in RR No. 5.337 in the frequency band 9 000-9 200 MHz.



5.2.119	Frequency band 9 300-9 800 MHz

5.2.1109.1	Allocations to operate detect and avoid and other services in the frequency band 9 300‑9 800 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		9 300-9 500	EARTH EXPLORATION-SATELLITE (active)

				RADIOLOCATION

				RADIONAVIGATION

				SPACE RESEARCH (active)

				5.427  5.474  5.475  5.475A  5.475B  5.476A



		9 500-9 800	EARTH EXPLORATION-SATELLITE (active)

				RADIOLOCATION

				RADIONAVIGATION

				SPACE RESEARCH (active)

				5.476A







5.427	In the bands 2 900-3 100 MHz and 9 300-9 500 MHz, the response from radar transponders shall not be capable of being confused with the response from radar beacons (racons) and shall not cause interference to ship or aeronautical radars in the radionavigation service, having regard, however, to No. 4.9.

5.474	In the band 9 200-9 500 MHz, search and rescue transponders (SART) may be used, having due regard to the appropriate ITU-R Recommendation (see also Article 31).

5.475	The use of the band 9 300-9 500 MHz by the aeronautical radionavigation service is limited to airborne weather radars and ground-based radars. In addition, ground-based radar beacons in the aeronautical radionavigation service are permitted in the band 9 300-9 320 MHz on condition that harmful interference is not caused to the maritime radionavigation service.     (WRC-07)

5.475A	 The use of the band 9 300-9 500 MHz by the Earth exploration-satellite service (active) and the space research service (active) is limited to systems requiring necessary bandwidth greater than 300 MHz that cannot be fully accommodated within the 9 500-9 800 MHz band.      (WRC‑07)

5.475B	In the band 9 300-9 500 MHz, stations operating in the radiolocation service shall not cause harmful interference to, nor claim protection from, radars operating in the radionavigation service in conformity with the Radio Regulations. Ground-based radars used for meteorological purposes have priority over other radiolocation uses.      (WRC‑07)

5.476A	In the band 9 300-9 800 MHz, stations in the Earth exploration-satellite service (active) and space research service (active) shall not cause harmful interference to, nor claim protection from, stations of the radionavigation and radiolocation services.     (WRC‑07)



5.2.11.2 	Related ITU-R documents and aviation documents in the frequency band 9 300-9 800 MHz

Recommendation ITU-R M.1796-2 contains characteristics and protection criteria for systems operating in the aeronautical radionavigation and radiolocations services in the band 8 500-10 680 MHz and includes characteristics for a DAA radar that operates in the band 9 300-9 500 MHz.  Technical Standard Order C212[footnoteRef:14] contains the aviation standards for airborne DAA radars operating in the aeronautical radionavigation service in various bands including the band 9 300-9 500 MHz. The aeronautical radionavigation service in the band 9 300-9 500 MHz is also used for systems that provide weather information for pilots onboard aircraft.  Information on these weather detection systems can be found in and Technical Standard Order C63c[footnoteRef:15]. [14:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.]  [15:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C63c, Airborne Weather and Ground Mapping Pulsed Radars, 18 August 1983.] 


Recommendations ITU-R RS.577, ITU-R RS.1166, and ITU-R RS.2105 apply to the Earth exploration-satellite (active) and space research (active) services in the bands 9 300-9 500 MHz and 9 500-9 800 MHz.



5.2.119.32	Suitability of the frequency band 9 300-9 800 MHz for detect and avoid systems onboard unmanned aircraft

5.2.11.3.1	9 300-9 500 MHz

Operation of DAA systems onboard UA in the band 9 300-9 500 MHz is not possible due to restriction in RR No. 5.475 limiting the aeronautical radionavigation service to airborne weather radarsin the frequency band 9 300-9 500 MHz.

5.2.11.3.21	9 500-9 800 MHz

No restriction in the RR.

Noting that the use of the Earth exploration satellite (active) service and Space research service (active) shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service, the band 9 500-9 800 MHz is suitable for operation of DAA systems onboard UA.

The use of the Earth exploration satellite (active) service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service.  However there are operational EESS (active) missions for which compatibility with DAA systems has not been ensured.  Therefore DAA systems should take all practicable measures to minimize the chance of interference causing the premature obsolescence of in-orbit EESS (active) assets.

It is recommended that DAA system employ interference monitoring and channel switching techniques to minimize interference from other radars operating in this band. For more information see Technical Standard Order C212.

The frequency band 9 500-9 800 MHz is operated or planned by various radars systems and co‑existence with DAA systems onboard aircraft is not ensured. Then, this frequency band 9 500-9 800 MHz is considered not suitable for detect and avoid systems onboard UA.



5.2.120	Frequency band 13.25-13.4 GHz

5.2.120.1	Allocations to operate detect and avoid and other services in the frequency band 13.25‑13.4 GHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		13.25-13.4	EARTH EXPLORATION-SATELLITE (active)

				AERONAUTICAL RADIONAVIGATION  5.497

				SPACE RESEARCH (active)

				5.498A  5.499







5.497	The use of the band 13.25-13.4 GHz by the aeronautical radionavigation service is limited to Doppler navigation aids

5.498A	The Earth exploration-satellite (active) and space research (active) services operating in the band 13.25‑13.4 GHz shall not cause harmful interference to, or constrain the use and development of, the aeronautical radionavigation service.     (WRC-97)

5.499	Additional allocation:  in Bangladesh and India, the band 13.25-14 GHz is also allocated to the fixed service on a primary basis. In Pakistan, the band 13.25-13.75 GHz is allocated to the fixed service on a primary basis.    (WRC‑12)



5.2.120.2 Related ITU-R documents and aviation documents in the frequency band 13.25‑13.4 GHz

Recommendation ITU-R M.2008-1 contains characteristics and protection criteria for radar operating in the aeronautical radionavigation service.  Technical Standard Order C212[footnoteRef:16] contains the aviation standards for airborne DAA radars operating in the aeronautical radonavigation service in the this frequency band 13.25-13.40 GHz. [16:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.] 


The aeronautical radionavigation service in the band 13.25-13.40 GHz is also used for systems that determine the ground speed and drift angle of an aircraft.  ITU-R Recommendation M.2008-1 contains characteristics and protection criteria for these systems.  Technical Standard Order C65a[footnoteRef:17] contains the aviation standards for these systems. [17:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C65aTSO-C65a, Airborne Doppler Radar Ground Speed and/or Drift Angle Measuring Equipment (for Air Carrier Aircraft), 18 August 1983. Note:  This TSO has been cancelled.  Equipment that has been previously approved under this TSO may continue to be produced and installed on aircraft.] 


There are no ITU-R Recommendations ITU-R RS.577, ITU-R RS.1166, and ITU-R RS.2105 that apply to the Earth exploration-satellite (active) and space research (active) services in the band 13.25-13.40 GHz.  In addition, however Report ITU-R RS.2068-1 describes the use of this band by spaceborne active sensors.

There are no ITU-R Recommendations that apply to the fixed service in the band 13.25-13.40 GHz band.



5.2.120.3	Suitability of the frequency band 13.25-13.4 GHz for detect and avoid systems onboard unmanned aircraft

No restriction in the RR.

Noting that the use of the Earth exploration satellite and space research services shall not constraint the use and development of aeronautical radionavigation service, operation of DAA systems onboard UA is allowed provided the DAA system employs Doppler frequency shift processing to comply with the Doppler aids requirement in RR No. 5.49770.but also that aeronautical radionavigation service is limited to Doppler navigation aids,

The use of the Earth exploration satellite (active) service shall not cause harmful interference to or, or constrain the use and development of, the aeronautical radionavigation service .  However there are operational EESS (active) missions for which compatibility with DAA systems has not been ensured.  Therefore DAA systems should take all practicable measures to minimize the chance of interference causing the premature obsolescence of in-orbit EESS (active) assets.

DAA systems need to be compatible with existing aviation radar system that operate in the band 13.25-13.4 GHz and colocation of a DAA system on an aircraft that is also equipped with an aviation radar that operates in this band may be difficult.  Further, compatibility with ground based DAA systems will also be required.

Since the frequency band 13.25-13.4 GHz is also allocated to the Fixed service in Bangladesh, India, and Pakistan the suitability of the frequency this band 13.25-13.4 GHz for DAA systems onboard aircraft needs to be further studied in those locations . It has to be noted that in Bangladesh and India where fixed service is allocated on a primary basis, coexistence with fixed service would have to be ensured to operate DAA systems onboard aircraft.

[Editor’s note: operations of Earth exploration-satellite and space research services would need to be discussed at WP 5B. Also to include in the discussion

discuss compatibility with airborne aeronautical radionavigation service systems

discuss compatibility with Earth exploration-satellite (active) service and the space research (active) service

discuss compatibility with the fixed service]

5.2.131	Frequency band 14-14.3 GHz

5.2.131.1	Allocations to operate detect and avoid and other services in the frequency band 14-14.3 GHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		14-14.25	FIXED-SATELLITE (Earth-to-space)  5.457A  5.457B  5.484A  5.484B  5.506  5.506B 

				RADIONAVIGATION  5.504

				Mobile-satellite (Earth-to-space)  5.504B  5.504C  5.506A

				Space research

				5.504A  5.505



		14.25-14.3	FIXED-SATELLITE (Earth-to-space)  5.457A  5.457B  5.484A  5.484B  5.506  5.506B 

				RADIONAVIGATION  5.504

				Mobile-satellite (Earth-to-space)  5.504B  5.506A  5.508A

				Space research

				5.504A  5.505  5.508







5.504	The use of the band 14-14.3 GHz by the radionavigation service shall be such as to provide sufficient protection to space stations of the fixed-satellite service.

5.504A	In the band 14-14.5 GHz, aircraft earth stations in the secondary aeronautical mobile-satellite service may also communicate with space stations in the fixed-satellite service. The provisions of Nos. 5.29, 5.30 and 5.31 apply.     (WRC-03)

5.505	Additional allocation:  in Algeria, Saudi Arabia, Bahrain, Botswana, Brunei Darussalam, Cameroon, China, Congo (Rep. of the), Korea (Rep. of), Djibouti, Egypt, the United Arab Emirates, Gabon, Guinea, India, Indonesia, Iran (Islamic Republic of), Iraq, Israel, Japan, Jordan, Kuwait, Lebanon, Malaysia, Mali, Morocco, Mauritania, Oman, the Philippines, Qatar, the Syrian Arab Republic, the Dem. People’s Rep. of Korea, Singapore, Somalia, Sudan, South Sudan, Swaziland, Chad, Viet Nam and Yemen, the frequency band 14-14.3 GHz is also allocated to the fixed service on a primary basis.     (WRC‑15)

5.508	Additional allocation:  in Germany, France, Italy, Libya, The Former Yugoslav Rep. of Macedonia and the United Kingdom, the band 14.25-14.3 GHz is also allocated to the fixed service on a primary basis.    (WRC‑12)



5.2.13.2 	Related ITU-R documents and aviation documents in the frequency band 14‑14.3 GHz

Recommendation ITU-R M.946-3 contains power flux density limits for radionavigatio transmitters to protect space station received in the fixed-satellite service in the 14 GHz band. [TBD]

[Editor’s Note:  Additional work on this section is needed]



5.2.131.32	Suitability of the frequency band 14-14.3 GHz for detect and avoid systems onboard unmanned aircraft

The frequency band 14-14.3 GHz is used for satellite uplinks and No. 5.504 requires the radionavigation service to protect the satellite receivers.  The power flux density limits to achieve this protection are found in Recommendation ITU-R M.946-3.  In addition, the operated for fixed service systems is allocated in various countries and coexistence between the with DAA systems onboard aircraft and the fixed service is not ensured.

 Then, this frequency band 14-14.3 GHz is considered not suitable for detect and avoid systems onboard UA.

[Editor’s Note:  Additional work on this section is needed]



5.2.142	Frequency band 15.4-15.7 GHz

5.2.142.1	Allocations to operate detect and avoid and other services in the frequency band 15.4‑15.7 GHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		15.4-15.43	RADIOLOCATION  5.511E  5.511F

				AERONAUTICAL RADIONAVIGATION



		15.43-15.63	FIXED-SATELLITE (Earth-to-space)  5.511A

				RADIOLOCATION  5.511E  5.511F

				AERONAUTICAL RADIONAVIGATION

				5.511C



		15.63-15.7	RADIOLOCATION  5.511E  5.511F

				AERONAUTICAL RADIONAVIGATION







5.511A	Use of the frequency band 15.43-15.63 GHz by the fixed-satellite service (Earth-to-space) is limited to feeder links of non-geostationary systems in the mobile-satellite service, subject to coordination under No. 9.11A.     (WRC‑15)

5.511C	Stations operating in the aeronautical radionavigation service shall limit the effective e.i.r.p. in accordance with Recommendation ITU‑R S.1340‑0. The minimum coordination distance required to protect the aeronautical radionavigation stations (No. 4.10 applies) from harmful interference from feeder-link earth stations and the maximum e.i.r.p. transmitted towards the local horizontal plane by a feeder-link earth station shall be in accordance with Recommendation ITU‑R S.1340‑0.     (WRC‑15)

5.511E	In the frequency band 15.4-15.7 GHz, stations operating in the radiolocation service shall not cause harmful interference to, or claim protection from, stations operating in the aeronautical radionavigation service.    (WRC‑12)

5.511F	In order to protect the radio astronomy service in the frequency band 15.35-15.4 GHz, radiolocation stations operating in the frequency band 15.4-15.7 GHz shall not exceed the power flux-density level of −156 dB(W/m2) in a 50 MHz bandwidth in the frequency band 15.35-15.4 GHz, at any radio astronomy observatory site for more than 2 per cent of the time.    (WRC‑12)



5.2.14.2 	Related ITU-R documents and aviation documents in the frequency band 15.4‑15.7 GHz

Recommendation ITU-R M.1730-1 contains characteristics and protection criteria for systems operating in the radiolocations services in the band 15.4-17.3 GHz.  There are no characteristics for any aeronautical radionavigation systems that operates in the band 15.4-15.7 GHz.  Technical Standard Order C212[footnoteRef:18] contains the aviation standards for airborne  DAA radars operating in the aeronautical radionavigation service in various bands including the band 15.4-15.7 GHz.  The aeronautical radionavigation service in the band 15.4-15.7 GHz is also used for systems that provide weather information for pilots onboard aircraft.  Information on these weather detection systems can be found in and Technical Standard Order C65a[footnoteRef:19]. [18:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.]  [19:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C65a, Airborne Doppler Radar Ground Speed and/or Drift Angle Measuring Equipment (for Air Carrier Aircraft), 18 August 1983.] 


Recommendation ITU-R S.1340 addresses sharing between feeder links for the mobile-satellite service and the aeronautical radionavigation service in the Earth-to-space direction in the band 15.4-15.7 GHz.

Recommendation ITU-R S.1341 sharing between feeder links for the mobile-satellite service and the aeronautical radionavigation service in the space-to-Earth direction in the band 15.4-15.7 GHz and the protection of the radio astronomy service in the band 15.35-15.4 GHz.

5.2.142.32	Suitability of the frequency band 15.4-15.7 GHz for detect and avoid systems onboard unmanned aircraft

Noting that radiolocation service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service operating in the band 15.4-15.7 GHz and that procedures for sharing with MSS feeder links in the 15.43-15.63 GHz can be found in Recommendations ITU-R S.1340 and S.1341, the band 15.4-15.7 GHz is suitable for operation of DAA systems onboard UA.  Further, compatibility with ground based DAA systems will also be required.

It is recommended that DAA system employ interference monitoring and channel switching techniques to minimize interference from other radars operating in this band. For more information see Technical Standard Order C212.

Operation of DAA systems onboard UA is not possible due to restriction in RR No. 5.511C in 15.43-15.63 GHz.

The frequency band 15.4-15.7 GHz is operated by various radar systems and co-existence with DAA systems onboard aircraft is not ensured. Noting RR No. 5.511E, this frequency band 15.4-15.7 GHz may require further consideration before providing any conclusion on the suitability for DAA systems onboard UA.

5.2.152bis	Frequency band 24.425-24.65 GHz

5.2.152bis.1	Allocations to operate detect and avoid and other services in the frequency band 24.45‑24.65 GHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		24.45-24.65

FIXED

INTER-SATELLITE

MOBILE except aeronautical mobile 5.338A 5.532AB

		24.45-24.65

FIXED 5.532AA

INTER-SATELLITE

MOBILE except aeronautical mobile 5.338A 5.532AB

RADIONAVIGATION



5.533

		24.45-24.65

FIXED

INTER-SATELLITE

MOBILE  5.338A 5.532AB

RADIONAVIGATION





5.533







5.338A In the frequency bands 1 350-1 400 MHz, 1 427-1 452 MHz, 22.55-23.55 GHz, 24.25-27.5 GHz, 30-31.3 GHz, 49.7-50.2 GHz, 50.4-50.9 GHz, 51.4-52.4 GHz, 52.4-52.6 GHz, 81-86 GHz and 92-94 GHz, Resolution 750 (Rev.WRC-19) applies.     (WRC‑19)

5.532AA	The allocation to the fixed service in the frequency band 24.25-25.25 GHz is identified for use in Region 2 by high-altitude platform stations (HAPS). This identification does not preclude the use of this frequency band by other fixed-service applications or by other services to which this frequency band is allocated on a co-primary basis, and does not establish priority in the Radio Regulations. Such use of the fixed-service allocation by HAPS is limited to the HAPS-to-ground direction and shall be in accordance with the provisions of Resolution 166 (WRC-19).     (WRC‑19)

5.532AB The frequency band 24.25-27.5 GHz is identified for use by administrations wishing to implement the terrestrial component of International Mobile Telecommunications (IMT). This identification does not preclude the use of this frequency band by any application of the services to which it is allocated and does not establish priority in the Radio Regulations. Resolution 242 (WRC-19) applies.     (WRC‑19)

5.533	The inter-satellite service shall not claim protection from harmful interference from airport surface detection equipment stations of the radionavigation service.



5.2.15.2	Related ITU-R documents and aviation documents in the frequency band 24.45‑24.65 GHz

There are no ITU-R Recommendations that apply to the radionavigation inter-satellite service in the frequency band 24.45-24.65 GHz band.  Technical Standard Order C212[footnoteRef:20] contains the aviation standards for airborne DAA radars operating in the aeronautical radionavigation service in various bands including the frequency band 24.45-24.65 GHz. [20:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.] 


There are no ITU-R Recommendations that apply to the inter-satellite service in the frequency band 24.45-24.65 GHz band.

There are no ITU-R Recommendations ITU-R X.XXXX and ITU-R X.XXXX that apply to the fixed service in the frequency band 24.45-24.65 GHz band.

There are no ITU-R Recommendations ITU-R X.XXXX and ITU-R X.XXXX that apply to the mobile service in the frequency band 24.45-24.65 GHz band.



5.2.15.3	Suitability of the frequency band 24.45-24.65 GHz for detect and avoid systems onboard unmanned aircraft

There is no worldwide allocation to the radionavigation service in this band however, regional allocations do allow for operations of DAA systems onboard UA in many parts of the world.

5.2.15.3.1	Region 1

Operation of DAA systems onboard UA in Region 1 is not possible since there is no radionavigation allocation in the frequency band 24.45-24.65 GHz in Region 1.

5.2.15.3.2	Region 2

No restriction in the RR.

Operation of DAA systems onboard UA in Tthe frequency band 24.45-24.65 GHz is possible suitable for operation of DAA systems onboard UA in Region 21. provided Uusers should take into account fixed and mobile systems that also operate on a coequal basis in this band in accordance with the provisions of Resolution 166 (WRC-19)    (WRC‑19) and Resolution 242 (WRC-19)    (WRC‑19).

5.2.15.3.3	Region 3

Operation of may be possible for DAA systems onboard UA in the frequency band 24.45-24.65 GHz is possible in Region 3 provided users take into account compatibility with the Ffixed and Mmobile systems that operate on a coequal basis in this band in accordance with the provisions of Resolution 242 (WRC-19)    (WRC‑19) Region 3 is ensured.



[Regional allocation/

Not worldwide allocation to radionavigation

5.2.163	Frequency band 31.8-33.4 GHz 

5.2.163.1	Allocations to operate detect and avoid and other services in the frequency band 31.8‑33.4 GHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		31.8-32		FIXED  5.547A

				RADIONAVIGATION

				SPACE RESEARCH (deep space) (space-to-Earth)

				5.547  5.547B  5.548



		32-32.3		FIXED  5.547A

				RADIONAVIGATION

				SPACE RESEARCH (deep space) (space-to-Earth)

				5.547  5.547C  5.548



		32.3-33		FIXED  5.547A

				INTER-SATELLITE

				RADIONAVIGATION

				5.547  5.547D  5.548



		33-33.4		FIXED  5.547A

				RADIONAVIGATION

				5.547  5.547E







5.547	The bands 31.8-33.4 GHz, 37-40 GHz, 40.5-43.5 GHz, 51.4-52.6 GHz, 55.78-59 GHz and 64-66 GHz are available for high-density applications in the fixed service (see Resolution 75 (WRC-2000)[footnoteRef:21]*). Administrations should take this into account when considering regulatory provisions in relation to these bands. Because of the potential deployment of high-density applications in the fixed-satellite service in the bands 39.5-40 GHz and 40.5-42 GHz (see No. 5.516B), administrations should further take into account potential constraints to high-density applications in the fixed service, as appropriate.     (WRC‑07) [21: * 	Note by the Secretariat:  This Resolution was revised by WRC-12.] 


[Editor’s Note:  Additional work on this section is needed]



5.2.16.2 	Related ITU-R documents and aviation documents in the frequency band 31.8‑33.4 GHz

Recommendation ITU-R M.1466-1 contains characteristics and protection criteria for aeronautical radionavigation systems in the band 31.8-33.4 GHz.  Technical Standard Order C212[footnoteRef:22] contains the aviation standards for airborne DAA radars operating in the aeronautical radionavigation service in various bands including the frequency band 31.8-33.4 GHz. [22:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.] 


[Editor’s Note:  Additional work on this section is needed]



5.2.163.32	Suitability of the frequency band 31.8-33.4 GHz for detect and avoid systems onboard unmanned aircraft

[The frequency band 31.8-33.4 GHz is operated by various fixed systems and co-existence with DAA systems onboard aircraft is not ensured. Then, this frequency band 31.8-33.4 GHz is considered not suitable for DAA systems onboard UA, noting also that this frequency band is allocated to the space research service with receivers on the ground.]

[Editor’s Note:  Additional work on this section is needed]



5.2.174	Frequency band 43.5-47.0 GHz

[TBD]



5.2.185	Frequency band 66.0-71.0 GHz

[TBD]



5.2.196	Frequency band 95.0-100.0 GHz

[TBD]



5.2.2017	Frequency band 123.0-130.0 GHz

[TBD]



5.2.2118	Frequency band 191.8-200.0 GHz

[TBD]



5.2.2219	Frequency band 235.0-238.0 GHz

[TBD]

[bookmark: _Toc8306364]

6	Conclusions

TBD

		Radionavigation 
Frequency Band

		Availability for Airborne DAA

		Reason



		960-1 215 MHz

		Not available

		Operation of DAA systems onboard UA is not considered possible due to the need to protect existing aeronautical radionavigation service and radionavigation-satellite service (RNSS) in this band.





		1 21540-1 300 MHz

		Not available

		The frequency band 1 215-1 300 MHz is not suitable recommended for DAA onboard UA due to the difficulty in coordinating with existing high powered ground based radars and the limited number of administrations where this band may be used.  There could also be onboard compatibility issues since RNSS receivers can also be installed onboard aircraft





		1 300-1 350 MHz

		Not available

		Operation of DAA systems onboard UA is not possible due to ground based only restriction in RR No. 5.337. in the frequency band 1 300-1 350 MHz.





		1 559-1 610 MHz

		Not available

		Operation of DAA systems onboard UA is not possible due to the need to protect the radionavigation-satellite service (RNSS) that provides critical position, navigation and timing (PNT) for multiple applications.





		1 610-1 626.5 MHz

		Possible

		Operation may be possible for DAA systems onboard UA provided if compatibility with the various satellite systems that operate in this band is ensured and compatibility with RNSS receivers operating in the adjacent band 1559-1610 MHz is also ensured.





		2 700-2 900 MHz

		Not available

		Operation of DAA systems onboard UA is not possible due to ground based only restriction in RR No. 5.337 in the frequency band 2 700-2 900 MHz.





		2 900-3 100 MHz

		Not available

		Operation of DAA systems onboard UA is not possible due to ground based only restriction in RR No. 5.426 in the frequency band 2 900-3 100 MHz.





		4 200-4 400 MHz

		Not available

		Operation of DAA systems onboard unmanned aircraft is not possible due to radio altimeter only restriction on the aeronautical radionavigation service in RR No. 5.438 in the band 4 200-4 400 MHz.





		5 000-5 250 MHz

		Not available

		Operation of DAA systems onboard unmanned aircraft is not possible due to the presence of numerous other aeronautical and non-aeronautical systems in this band.





		5 350-5 470 MHz

		Available

		Operation of DAA systems onboard UA is allowed provided the DAA systems is compatible with existing aviation weather radar system that operate in the band 5 350-5 470 MHz.  However, DAA systems should take all practicable measures to ensure the compatibility of the DAA system with the incumbent services in the band including measures to minimize the chance of interference causing the premature obsolescence of in-orbit EESS (active) satellites.





		8 750-8 850 MHz

		Available

		Operation of DAA systems onboard UA is allowed provided the DAA system employs Doppler frequency shift processing to comply with the Doppler aids requirement in RR No. 5.470.





		9 000-9 200 MHz

		Not available

		Operation of DAA systems onboard UA is not possible due to ground based only restriction in RR No. 5.337. in the frequency band 9 000-9 200 MHz.





		9 300-9 500 MHz

		Not available

		Operation of DAA systems onboard UA is not possible due to restriction in RR No. 5.475 limiting the aeronautical radionavigation service to airborne weather radars.





		9 500-9 800 MHz

		Available



		Operation of DAA systems onboard UA is allowed.  Since compatibility with operational EESS (active) is not ensured, DAA systems should take all practicable measures to minimize the chance of interference causing the premature obsolescence of in-orbit EESS (active) satellites.



		13.25-13.4 GHz

		Available

		Operation of DAA systems onboard UA is allowed provided the DAA system employs Doppler frequency shift processing to comply with the Doppler aids requirement in RR No. 5.470 and provided the DAA system is compatible with ground based DAA systems that could also operate in the band frequency band 13.25-13.4 GHz.  Since compatibility with operational EESS (active) is not ensured, DAA systems should take all practicable measures to minimize the chance of interference causing the premature obsolescence of in-orbit EESS (active) satellites.





		14-14.3 GHz

		Not available

		Operation of DAA systems onboard UA is not possible due to the need to the requirement to protect satellite receivers.  In addition, in countries where the fixed service is also allocated, compatibility with the fixed service is not ensured.





		15.4-15.7 GHz

		Available



		Operation of DAA systems onboard UA is allowed provided the DAA system is compatible with ground based DAA systems that could also operate in the frequency band 15.4-15.7 GHz.





		24.45-24.65 GHz

		Not Available in Region 1

		Operation of DAA systems onboard UA in Region 1 is not possible since there is no radionavigation allocation in the frequency band 24.45-24.65 GHz in Region 1.





		

		Available in Region 2

		Operation of DAA systems onboard UA in tThe frequency band 24.45-24.65 GHz is possible suitable for operation of DAA systems onboard UA in Region 2 provided users take into account fixed and mobile systems that operate on a coequal basis in this band in accordance with the provisions of Resolution 166 (WRC-19)    (WRC‑19) and Resolution 242 (WRC-19)    (WRC‑19).





		

		Possible in Region 3

		Operation of may be possible for DAA systems onboard UA in the frequency band 24.45-24.65 GHz is possible in Region 3 provided users take into account compatibility with the Ffixed and Mmobile systems that operate on a coequal basis in this band in accordance with the provisions of Resolution 242 (WRC-19)    (WRC‑19)Region 3 is ensured.





		31.8-33.4 GHz

		

		



		43.5-47.0 GHz

		

		



		66.0-71.0 GHz

		

		



		95.0-100.0 GHz

		

		



		123.0-130.0 GHz

		

		



		191.8-200.0 GHz

		

		



		235.0-238.0 GHz
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		Abstract:  This contribution will continue the process of drafting a new report for ground based Detect and Avoid radar systems to support unmanned aircraft operations based on the outline adopted at the April-May 2019 WP-5B meeting.  This new report will update the list of frequency bands allocated to the Aeronautical Radionavigation and Radionavigation Services, which could be used for ground based Detect and Avoid radar systems to support unmanned aircraft operations.  The report will also provide information on other systems and services in these bands, coexistence issues, and an evaluation of the suitability of the band for UAS Detect and Avoid radar systems.
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[bookmark: _Hlk517074496]Introduction

Report ITU-R M.2204-0 was published in November 2010 in support of WRC-12 agenda item 1.3 efforts to identify the requirements of Unmanned Aircraft Systems (UAS).  Since the report was published, not only have the requirements of UAS evolved but, changes have also been made to the Radio Regulations that affect the frequency bands identified in Report ITU-R M.2204-0.  As a result Working Party 5B had been considering a revision to Report ITU-R M.2204-0 (see Annex 23 to Document 5B/538) with the intent of providing more accurate and up to date information to better assist developers of unmanned aircraft detect and avoid systems.

At the November 2018 Working Party 5B meeting it became obvious that the format of the existing report was not adequate for the needs of the intended audience so, it was decided to develop a new report to replace Report ITU-R M.2204-0.  Thus, an outline for the new report was developed during the November 2018 Working Party 5B meeting (see Annex 11 to 5B/646) to begin the process of developing a replacement report for the existing report.

At the April-May 2019 Working Party 5B meeting it was further decided to split the new report into two reports, one for airborne systems and one for ground based systems.  This report addresses ground based systems.

Proposal

The United States of America proposes to continue the effort to replace Report ITU-R M.2204-0.  This effort continues the development of a new report to replace Report ITU-R M.2204-0 using appropriate text from Report ITU-R M.2204-0 and developing text to characterize the frequency bands identified as being appropriate for UAS Detect and Avoid systems.
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ATTACHMENT

WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW 
REPORT ITU-R M.[UA_GRound_DAA]

Guidance on suitable frequency bands and services to be used by unmanned aircraft ground based detect-and-avoid non-cooperative systems

 (201X)

Scope

Unmanned aircraft (UA) applications have been expanding throughout the world and will continue to increase the numbers of UA worldwide. With integration of UA into airspace, it is essential that spectrum to support UA ground based detect and avoid (DAA)[footnoteRef:1] systems be clearly identified. This Report provides guidance as to which frequency bands are suitable best suited for UA ground based DAA systems. [1: 	Previous ITU-R documents on unmanned aircraft systems, including Report ITU-R M.2204, have used the term sense-and-avoid (S&A) instead of DAA. The reason for the change is that the the International Civil Aviation Organization (ICAO) uses DAA instead of S&A (see ICAO Document 10019 (issued) and manual from RPAS panel).] 


Guidance for DAA installed onboard unmanned aircraft are not included in this ITU-R Report but can be found in ITU-R Report M.[UA-AIRBORNE-DAA][footnoteRef:2]. [2: 	Report ITU-R M.[UA-AIRBORNE-DAA], “Guidance on suitable frequency bands and services to be used by airborne unmanned aircraft detect-and-avoid non-cooperative systems”.] 


[Editor’s note: The intent of establishing this new Reports is to replace the current Report ITU-R M.2204 in association with ITU-R Report M.[UA-AIRBORNE-DAA] on UA airborne detect and avoid.]

Keywords

Unmanned Aircraft

List of Abbreviations/Glossary

ADS-B:	Automatic dependent surveillance-broadcast

ATC:	Air traffic control

CNPC:	Control and non-payload communications

DAA	Detect and Avoid

ICAO:	International Civil Aviation Organization

NMAC:	Near mid-air collision

TCAS:	Traffic collision avoidance system

UA:	Unmanned aircraft

UACS:	Unmanned aircraft control station

UAS:	Unmanned aircraft system

TBC



Related ITU-R Recommendations and Reports

ITU-R M.2204:	Characteristics and spectrum considerations for sense and avoid systems use on unmanned aircraft systems

[TBC]
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[bookmark: _Toc8307831]1	Background

Unmanned aircraft are powered aircraft that do not carry a human pilot, use aerodynamic forces to provide vehicle lift, and employ a remote pilot, fly semi-autonomously, or autonomously. The current state-of-the-art in unmanned aircraft system (UAS) design and operation has led to the rapid development of UAS applications to fill many diverse requirements. UAS applications include agricultural applications, communications relays, aerial photography, mapping, emergency management, scientific research, environmental monitoring, hurricane tracking, cloud seeding, volcano monitoring, forest fire suppression, emergency management, search and rescue operations, and law enforcement applications. The safe operation of UAS in civil airspace requires addressing the same issues as manned aircraft, namely integration into the air traffic control (ATC) system. Because the pilot is no longer aboard, a method of replacing the pilot’s responsibility to “see and avoid” other aircraft is required (see International Civil Aviation Organization’s (ICAO’s) Annex 2 “Rules of the Air”). While existing aircraft and ground based systems have been adapted or modified to accommodate detect and avoid (DAA) requirements for cooperative targets, new electronic technologies are needed to address the DAA requirements for non-cooperative targets.

[bookmark: _Toc8306353][bookmark: _Toc282088235][bookmark: _Toc8307832]2	Terminology/definitions1.1	Terminology

Unmanned aircraft (UA): Designates all types of aircraft remotely controlled.

Unmanned aircraft control station (UACS): Facilities from which a UA is controlled remotely.

Control and non-payload communications (CNPC): The radio links, used to exchange information between the UA and UACS, that ensure safe, reliable, and effective UA flight operation. The functions of CNPC can be related to different types of information such as: telecommand messages, non-payload telemetry data, support for navigation aids, air traffic control voice relay, air traffic services data relay, target track data, airborne weather radar downlink data, non-payload video downlink data.

Detect and avoid (DAA): The capability to see, sense or detect conflicting traffic or other hazards and take the appropriate action

Intruder: An aircraft (manned or unmanned) that enters the DAA surveillance volume and tracked by the DAA system.

[Chairman’s note: can we find a term other than “Intruder” that has little less military implication 

Unmanned aircraft (UA): Designates all types of aircraft remotely controlled.

Unmanned aircraft control station (UACS): Facilities from which a UA is controlled remotely.

Unmanned aircraft systems (UAS): Consists of the following subsystems:

–	UA (i.e. the aircraft itself);

–	UACS;

–	CNPC;

–	ATC communications subsystem (not necessarily relayed through the UA);

–	DAA;

–	Payload subsystem (e.g. Video camera …).

 Intruder: An aircraft (manned or unmanned) that enters the DAA surveillance volume and tracked by the DAA system.

[Chairman’s note: can we find a term other than “Intruder” that has little less military implication 

[bookmark: _Toc282088236][bookmark: _Toc8307833][Editor’s note: these following sections will need to be reviewed

2.1.2	Airspace

For the purposes of this report, the airspace may be grouped into three categories, namely:

–	ATC Separation Assurance Airspace – Air traffic control is responsible for safe separation of all aircraft. This comprises Classes A, B, and, if the UAS is operated in accordance with instrument flight rules, Class C airspace.

–	Limited or no ATC Separation Assurance Airspace – Air traffic control is not responsible for safe separation of all airspace users. This comprises Classes D, E, F and G airspace.

–	Segregated Airspace – A defined volume of airspace is reserved for exclusive use of a particular UAS. In such airspace there would be no air traffic control service and therefore ATC is not responsible for separation but there are one or more aircraft, under the control of the same operator, in this airspace at a given time.]

[bookmark: _Toc8306356][bookmark: _Toc8307834]2.2	Categories

In this report, the operations of UAS are classified in three main categories:

•	the 'open’ category is a category of UAS operation that, considering the risks involved, does not require a prior authorisation by the competent authority nor a declaration by the UAS operator before the operation takes place;

•	the ‘specific’ category is a category of UAS operation that, considering the risks involved, requires an authorisation by the competent authority before the operation takes place, taking into account the mitigation measures identified in an operational risk assessment, except for certain standard scenarios where a declaration by the operator is sufficient or when the operator holds a light UAS operator certificate with the appropriate privileges;

•	the ‘certified’ category is a category of UA operation that, considering the risks involved, requires the certification of the UAS, a licensed remote pilot and an operator approved by the competent authority, in order to ensure an appropriate level of safety.

]

[bookmark: _Toc8306357]3	Scenarios

[TBD?

Non-cooperative

Categories from EASA]

42	Description of principles for ground based detect and avoid

[TBD]

[bookmark: _Toc8307835]53	Spectrum analysis on suitability for ground based detect and avoid system for unmanned aircraft

[TBD]

[bookmark: _Toc8307836]53.1	Criteria for suitability of spectrum for detect and avoid systems

[TBD]

[bookmark: _Toc8307837]53.2	Analysis of the suitability of frequency bands

[TBD]

5.2.1	Frequency band 960-1 215 MHz

5.2.1.1	Allocations to operate detect and avoid and other services in the frequency band 960‑1 215 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		960-1 164	AERONAUTICAL MOBILE (R)  5.327A 

				AERONAUTICAL RADIONAVIGATION  5.328

				5.328AA



		1 164-1 215	AERONAUTICAL  RADIONAVIGATION  5.328

				RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space)  				5.328B

				5.328A







5.327A	The use of the frequency band 960-1 164 MHz by the aeronautical mobile (R) service is limited to systems that operate in accordance with recognized international aeronautical standards. Such use shall be in accordance with Resolution 417 (Rev.WRC-15). (WRC-15)

5.328	The use of the band 960-1 215 MHz by the aeronautical radionavigation service is reserved on a worldwide basis for the operation and development of airborne electronic aids to air navigation and any directly associated ground-based facilities.     (WRC 2000)

5.328AA	The frequency band 1 087.7-1 092.3 MHz is also allocated to the aeronautical mobile-satellite (R) service (Earth‑to‑space) on a primary basis, limited to the space station reception of Automatic Dependent Surveillance-Broadcast (ADS‑B) emissions from aircraft transmitters that operate in accordance with recognized international aeronautical standards. Stations operating in the aeronautical mobile-satellite (R) service shall not claim protection from stations operating in the aeronautical radionavigation service. Resolution 425 (WRC‑15) shall apply.     (WRC‑15)



5.2.1.2 	Related ITU-R documents and aviation documents in the frequency band 960-1 215 MHz

Recommendations ITU-R M.1318, ITU-R M.1787, ITU-R M.1901, ITU-R M.1904, ITU-R M.1905, and ITU-R M.2030 apply to the radionavigation-satellite service in the band 1 164-1 215 MHz.  Resolution 417 (Rev.WRC-15) also contains provisions for the protection of RNSS in the 1 164-1 215 MHz band from AM(R)S airborne and ground-based stations in the frequency band 960-1 164 MHz.

[Editor’s Note:  Additional work on this section is needed]

5.2.1.3	Suitability of the frequency band 960-1 215 MHz for ground based detect and avoid systems

No restriction in the RR.

The frequency band 960-1 215 MHz is operated by various aeronautical systems including DME, TACAN, TCAS, ADS-B, Multilateration, and non-ICAO (e.g. Recommendation ITU-R M.2013) systems.  The 1 164-1 215 MHz portion of the band is also used for RNSS (space-to-Earth) and (space-to-space) services on a ubiquitous basis, including on aircraft, and this use presents additional co-existence issues.

This frequency band 960-1 215 MHz is considered not suitable for ground based DAA systems.

 [TBD]



5.2.2.3.2.1	Frequency band 1 215-1 300 MHz[Band 1]

[TBD]

5.2.2.13.2.1.1	Allocation to operate detect and avoid and other services in the frequency band 1 215-1 300 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		1 215-1 240	EARTH EXPLORATION-SATELLITE (active)

				RADIOLOCATION

				RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space)  				5.328B  5.329  5.329A

				SPACE RESEARCH (active)

				5.330  5.331  5.332



		1 240-1 300	EARTH EXPLORATION-SATELLITE (active)

				RADIOLOCATION

				RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space)  				5.328B  5.329  5.329A

				SPACE RESEARCH (active)

				Amateur

				5.282  5.330  5.331  5.332  5.335  5.335A







5.329 Use of the radionavigation-satellite service in the band 1 215-1 300 MHz shall be subject to the condition that no harmful interference is caused to, and no protection is claimed from, the radionavigation service authorized under No. 5.331. Furthermore, the use of the radionavigation-satellite service in the band 1 215-1 300 MHz shall be subject to the condition that no harmful interference is caused to the radiolocation service. No. 5.43 shall not apply in respect of the radiolocation service. Resolution 608 (WRC-03)* shall apply.     (WRC‑03)

5.329A Use of systems in the radionavigation-satellite service (space-to-space) operating in the bands 1 215-1 300 MHz and 1 559-1 610 MHz is not intended to provide safety service applications, and shall not impose any additional constraints on radionavigation-satellite service (space-to-Earth) systems or on other services operating in accordance with the Table of Frequency Allocations.     (WRC‑07)

5.330 Additional allocation: in Angola, Saudi Arabia, Bahrain, Bangladesh, Cameroon, China, Djibouti, Egypt, the United Arab Emirates, Eritrea, Ethiopia, Guyana, India, Indonesia, Iran (Islamic Republic of), Iraq, Israel, Japan, Jordan, Kuwait, Nepal, Oman, Pakistan, the Philippines, Qatar, the Syrian Arab Republic, Somalia, Sudan, South Sudan, Chad, Togo and Yemen, the band 1 215-1 300 MHz is also allocated to the fixed and mobile services on a primary basis.     (WRC‑12)

5.331 Additional allocation: in Algeria, Germany, Saudi Arabia, Australia, Austria, Bahrain, Belarus, Belgium, Benin, Bosnia and Herzegovina, Brazil, Burkina Faso, Burundi, Cameroon, China, Korea (Rep. of), Croatia, Denmark, Egypt, the United Arab Emirates, Estonia, the Russian Federation, Finland, France, Ghana, Greece, Guinea, Equatorial Guinea, Hungary, India, Indonesia, Iran (Islamic Republic of), Iraq, Ireland, Israel, Jordan, Kenya, Kuwait, The Former Yugoslav Republic of Macedonia, Lesotho, Latvia, Lebanon, Liechtenstein, Lithuania, Luxembourg, Madagascar, Mali, Mauritania, Montenegro, Nigeria, Norway, Oman, Pakistan, the Netherlands, Poland, Portugal, Qatar, the Syrian Arab Republic, Dem. People’s Rep. of Korea, Slovakia, the United Kingdom, Serbia, Slovenia, Somalia, Sudan, South Sudan, Sri Lanka, South Africa, Sweden, Switzerland, Thailand, Togo, Turkey, Venezuela and Viet Nam, the band 1 215-1 300 MHz is also allocated to the radionavigation service on a primary basis. In Canada and the United States, the band 1 240-1 300 MHz is also allocated to the radionavigation service, and use of the radionavigation service shall be limited to the aeronautical radionavigation service.     (WRC‑12)

5.332 In the band 1 215-1 260 MHz, active spaceborne sensors in the Earth exploration-satellite and space research services shall not cause harmful interference to, claim protection from, or otherwise impose constraints on operation or development of the radiolocation service, the radionavigation-satellite service and other services allocated on a primary basis.     (WRC‑2000)

5.335 In Canada and the United States in the band 1 240-1 300 MHz, active spaceborne sensors in the Earth exploration-satellite and space research services shall not cause interference to, claim protection from, or otherwise impose constraints on operation or development of the aeronautical radionavigation service.     (WRC‑97)

5.335A In the band 1 260-1 300 MHz, active spaceborne sensors in the Earth exploration-satellite and space research services shall not cause harmful interference to, claim protection from, or otherwise impose constraints on operation or development of the radiolocation service and other services allocated by footnotes on a primary basis.     (WRC‑2000)

 [TBD]

5.2.2.23.2.1.2	Related ITU-R documents and aviation documents in the frequency band 1 215-1 300 MHzOther services in the band

Recommendation ITU-R M.1463 contains characteristics and protection criteria for radar systems operating in the aeronautical radionavigation and radiolocation services in the band 1 215-1 400 MHz.

Recommendations ITU-R M.1318, ITU-R M.1787, ITU-R M1901, ITU-R M.1902, ITU-R M.1904, and ITU-R M.2030 apply to the radionavigation-satellite services in the bands 1 215-1 300 MHz.

Recommendations ITU-R RS.577, ITU-R RS.1166, and ITU-R RS.2105 apply to the Earth exploration-satellite (active) and space research (active) services in the band 1 215-1 300 MHz.

[Editor’s Note:  Additional work on this section is needed]

 [TBD]

3.2.1.3	Coexistence issues



5.2.2.33.2.1.4	Suitability of the band 1 215-1 300240 MHz [XXX] for ground based detect sense & avoid systems

Operation of ground based DAA systems in tThe frequency band 1 215125-1 300 MHz may be suitable for operation of ground based DAA systems is possible in administrations and in frequency bands where No. 5.331 applies however, many aviation and non-aviation radars already operate in this band as do many RNSS (space-to-Earth) receivers, and RNSS (space-to-space) receivers.  The frequency band 1 215-1 300 MHz may can be suitable used to support ground based DAA systems in administrations and in frequency bands where No. 5.331 applies if providing coordination with existing radar systems can be achieved.  In addition, DAA systems should take all practicable measures to minimize interference to RNSS receivers in the frequency band 1 215-1 300 MHz and the adjacent 1 164-1 215 MHz and 1 300-1 350 MHz frequency bands.

 [TBD]



53.2.3	Frequency band 1 300-1 350 MHz

[TBD]

5.2.3.1	Allocation to operate detect and avoid and other services in the frequency band 1 300-1 350 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		1 300-1 350	RADIOLOCATION 

				AERONAUTICAL RADIONAVIGATION  5.337

				RADIONAVIGATION-SATELLITE (Earth-to-space)

				5.149  5.337A







5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.

5.337A	The use of the band 1 300-1 350 MHz by earth stations in the radionavigation-satellite service and by stations in the radiolocation service shall not cause harmful interference to, nor constrain the operation and development of, the aeronautical-radionavigation service.     (WRC‑2000)



5.2.3.2 	Related ITU-R documents and aviation documents in the frequency band 1 300-1 350 MHz

Recommendation ITU-R M.1463 contains characteristics and protection criteria for radar systems operating in the aeronautical radionavigation and radiolocation services in the band 1 215-1 400 MHz.

Recommendation ITU-R M.1584 contains a methodology for computing separation distances between earth stations of the radionavigation-satellite service (Earth-to-space) and radars of the radiolocation service and the aeronautical radionavigation service in the frequency band 1 300-1 350 MHz.



5.2.3.3	Suitability of the band 1 300-1 350 MHz for ground based detect & avoid systems

Operation of ground based DAA systems in the frequency band 1 300-1 350 MHz may be is possible, however many aviation and non-aviation radars already operate in this band.  It may be possible that Tthe frequency band 1 300-1 350 MHz frequency band could can be used to support ground based DAA systems if providing coordination with existing aeronautical radionavigation radar systems can be achieved.  In addition, DAA systems should take all practicable measures to minimize interference to radiolocation systems and RNSS receivers in the frequency band 1 300-1 350 MHz and RNSS receivers the adjacent 1 215-1 300 MHz frequency band.



53.2.4	Frequency band 1 559-1 626.5 MHz

53.2.4.1	Allocation to operate detect and avoid and other services in the frequency band 1 559-1 626.5 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		1 559-1 610	AERONAUTICAL RADIONAVIGATION

				RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space)  				5.208B  5.328B  5.329A

				5.341



		1 610-1 610.6

MOBILE-SATELLITE
(Earth-to-space)  5.351A

AERONAUTICAL
RADIONAVIGATION



		1 610-1 610.6

MOBILE-SATELLITE
(Earth-to-space)  5.351A

AERONAUTICAL
RADIONAVIGATION

RADIODETERMINATION-
SATELLITE
(Earth-to-space)

		1 610-1 610.6

MOBILE-SATELLITE
(Earth-to-space)  5.351A

AERONAUTICAL
RADIONAVIGATION

Radiodetermination-satellite
(Earth-to-space)



		5.341  5.355  5.359  5.364  
5.366  5.367  5.368  5.369  
5.371  5.372

		
5.341  5.364  5.366  5.367  
5.368  5.370  5.372

		
5.341  5.355  5.359  5.364  5.366  5.367  5.368  5.369  5.372



		1 610.6-1 613.8

MOBILE-SATELLITE
(Earth-to-space)  5.351A

RADIO ASTRONOMY

AERONAUTICAL
RADIONAVIGATION

		1 610.6-1 613.8

MOBILE-SATELLITE
(Earth-to-space)  5.351A

RADIO ASTRONOMY

AERONAUTICAL
RADIONAVIGATION

RADIODETERMINATION-SATELLITE (Earth-to-space)

		1 610.6-1 613.8

MOBILE-SATELLITE
(Earth-to-space)  5.351A

RADIO ASTRONOMY

AERONAUTICAL
RADIONAVIGATION

Radiodetermination-satellite
(Earth-to-space) 



		5.149  5.341  5.355  5.359  5.364  5.366  5.367  5.368  5.369  
5.371  5.372

		
5.149  5.341  5.364  5.366  
5.367  5.368  5.370  5.372

		5.149  5.341  5.355  5.359  5.364  5.366  5.367  5.368  5.369  
5.372



		1 613.8-1 626.5

MOBILE-SATELLITE
(Earth-to-space)  5.351A

AERONAUTICAL
RADIONAVIGATION

Mobile-satellite (space-to-Earth)
5.208B

		1 613.8-1 626.5

MOBILE-SATELLITE
(Earth-to-space)  5.351A

AERONAUTICAL
RADIONAVIGATION

RADIODETERMINATION-
SATELLITE
(Earth-to-space)

Mobile-satellite (space-to-Earth)
5.208B

		1 613.8-1 626.5

MOBILE-SATELLITE
(Earth-to-space)  5.351A

AERONAUTICAL RADIONAVIGATION

Mobile-satellite (space-to-Earth)
5.208B

Radiodetermination-satellite
(Earth-to-space)



		5.341  5.355  5.359  5.364  5.365  5.366  5.367  5.368  5.369  
5.371  5.372

		
5.341  5.364  5.365  5.366  
5.367  5.368  5.370  5.372

		5.341  5.355  5.359  5.364  5.365  5.366  5.367  5.368  5.369  
5.372







5.208B[footnoteRef:3]*	In the frequency bands: [3: * 	This provision was previously numbered as No. 5.347A.  It was renumbered to preserve the sequential order.] 


137-138 MHz,

387-390 MHz,

400.15-401 MHz,

1 452-1 492 MHz,

1 525-1 610 MHz,

1 613.8-1 626.5 MHz,

2 655-2 690 MHz,

21.4-22 GHz,

Resolution 739 (Rev.WRC-15) applies. (WRC-15)

5.328B	The use of the bands 1 164-1 300 MHz, 1 559-1 610 MHz and 5 010-5 030 MHz by systems and networks in the radionavigation-satellite service for which complete coordination or notification information, as appropriate, is received by the Radiocommunication Bureau after 1 January 2005 is subject to the application of the provisions of Nos. 9.12, 9.12A and 9.13. Resolution 610 (WRC-03) shall also apply; however, in the case of radionavigation-satellite service (space-to-space) networks and systems, Resolution 610 (WRC-03) shall only apply to transmitting space stations.  In accordance with No. 5.329A, for systems and networks in the radionavigation-satellite service (space-to-space) in the bands 1 215-1 300 MHz and 1 559-1 610 MHz, the provisions of Nos. 9.7, 9.12, 9.12A and 9.13 shall only apply with respect to other systems and networks in the radionavigation-satellite service (space-to-space).     (WRC‑07)

5.329A	Use of systems in the radionavigation-satellite service (space-to-space) operating in the bands 1 215-1 300 MHz and 1 559-1 610 MHz is not intended to provide safety service applications, and shall not impose any additional constraints on radionavigation-satellite service (space-to-Earth) systems or on other services operating in accordance with the Table of Frequency Allocations.     (WRC‑07)

5.351A For the use of the bands 1 518-1 544 MHz, 1 545-1 559 MHz, 1 610-1 645.5 MHz, 1 646.5-1 660.5 MHz, 1 668-1 675 MHz, 1 980-2 010 MHz, 2 170-2 200 MHz, 2 483.5-2 520 MHz and 2 670-2 690 MHz by the mobile-satellite service, see Resolutions 212 (Rev.WRC-07)[footnoteRef:4]* and 225 (Rev.WRC-07) [footnoteRef:5]**. (WRC-07) [4: * Note by the Secretariat: This Resolution was revised by WRC-15.]  [5: ** 	Note by the Secretariat: This Resolution was revised by WRC-12.] 


5.355	Additional allocation:  in Bahrain, Bangladesh, Congo (Rep. of the), Djibouti, Egypt, Eritrea, Iraq, Israel, Kuwait, Qatar, Syrian Arab Republic, Somalia, Sudan, South Sudan, Chad, Togo and Yemen, the bands 1 540-1 559 MHz, 1 610-1 645.5 MHz and 1 646.5-1 660 MHz are also allocated to the fixed service on a secondary basis.    (WRC‑12)

5.359	Additional allocation:  in Germany, Saudi Arabia, Armenia, Azerbaijan, Belarus, Benin, Cameroon, the Russian Federation, France, Georgia, Guinea, Guinea-Bissau, Jordan, Kazakhstan, Kuwait, Lithuania, Mauritania, Uganda, Uzbekistan, Pakistan, Poland, the Syrian Arab Republic, Kyrgyzstan, the Dem. People’s Rep. of Korea, Romania, Tajikistan, Tunisia, Turkmenistan and Ukraine, the frequency bands 1 550-1 559 MHz, 1 610-1 645.5 MHz and 1 646.5-1 660 MHz are also allocated to the fixed service on a primary basis. Administrations are urged to make all practicable efforts to avoid the implementation of new fixed-service stations in these frequency bands.     (WRC‑15)

5.364	The use of the band 1 610-1 626.5 MHz by the mobile-satellite service (Earth-to-space) and by the radiodetermination-satellite service (Earth-to-space) is subject to coordination under No. 9.11A. A mobile earth station operating in either of the services in this band shall not produce a peak e.i.r.p. density in excess of 􀀐15 dB(W/4 kHz) in the part of the band used by systems operating in accordance with the provisions of No. 5.366 (to which No. 4.10 applies), unless otherwise agreed by the affected administrations. In the part of the band where such systems are not operating, the mean e.i.r.p. density of a mobile earth station shall not exceed –3 dB(W/4 kHz). Stations of the mobile-satellite service shall not claim protection from stations in the aeronautical radionavigation service, stations operating in accordance with the provisions of No. 5.366 and stations in the fixed service operating in accordance with the provisions of No. 5.359.  Administrations responsible for the coordination of mobile-satellite networks shall make all practicable efforts to ensure protection of stations operating in accordance with the provisions of No. 5.366.

5.366	The band 1 610-1 626.5 MHz is reserved on a worldwide basis for the use and development of airborne electronic aids to air navigation and any directly associated ground-based or satellite-borne facilities. Such satellite use is subject to agreement obtained under No. 9.21.

5.367	Additional allocation:  The frequency band 1 610-1 626.5 MHz is also allocated to the aeronautical mobile-satellite (R) service on a primary basis, subject to agreement obtained under No. 9.21.    (WRC‑12)

5.368	With respect to the radiodetermination-satellite and mobile-satellite services the provisions of No. 4.10 do not apply in the band 1 610-1 626.5 MHz, with the exception of the aeronautical radionavigation-satellite service.

5.369	Different category of service:  in Angola, Australia, China, Eritrea, Ethiopia, India, Iran (Islamic Republic of), Israel, Lebanon, Liberia, Madagascar, Mali, Pakistan, Papua New Guinea, Syrian Arab Republic, the Dem. Rep. of the Congo, Sudan, South Sudan, Togo and Zambia, the allocation of the band 1 610-1 626.5 MHz to the radiodetermination-satellite service (Earth-to-space) is on a primary basis (see No. 5.33), subject to agreement obtained under No. 9.21 from countries not listed in this provision.    (WRC‑12)

5.371	Additional allocation: in Region 1, the band 1 610-1 626.5 MHz (Earth-to-space) is also allocated to the radiodetermination-satellite service on a secondary basis, subject to agreement obtained under No. 9.21.     (WRC‑12)



 [TBD]

5.2.5.2 	Related ITU-R documents and aviation documents in the frequency band 1 559-1 626.5 MHz

Recommendations ITU-R M.1318, ITU-R M.1787, ITU-R M.1901, ITU-R M.1903, ITU-R M.1904, and ITU-R M.2030 apply to the radionavigation-satellite services in the band 1 559-1 610 MHz.

[Editor’s Note:  Additional work on this section is needed]



5.2.3.3	Suitability of the band 1 559-1 626.5 MHz for ground based detect & avoid

5.2.4.3.1	1 559-1 610 MHz

No restriction in the RR.

Noting that the frequency band 1 559-1 610 MHz is used to provide radionavigation-satellite service (RNSS) in the space-to-Earth and space-to-space directions that provide critical position, navigation and timing (PNT) for multiple applications, the frequency band 1 559-1 610 MHz is considered not suitable for ground based DAA systems.

5.2.5.3.1	1 610-1 626.5 MHz

Operation of a ground based DAA systems is not possible due to the airborne restriction in RR No. 5.366 in the frequency band 1 610-1 626.5 MHz.

 [TBD]

5.2.5	Frequency band 2 700-3 100 MHz

5.2.5.1	Allocation to operate detect and avoid and other services in the frequency band 2 700-3 100 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		2 700-2 900	AERONAUTICAL RADIONAVIGATION  5.337

				Radiolocation

				5.423  5.424



		2 900-3 100	RADIOLOCATION  5.424A

				RADIONAVIGATION  5.426

				5.425  5.427







5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.

5.423	In the band 2 700-2 900 MHz, ground-based radars used for meteorological purposes are authorized to operate on a basis of equality with stations of the aeronautical radionavigation service.

5.424	Additional allocation:  in Canada, the band 2 850-2 900 MHz is also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars.

5.424A	In the band 2 900-3 100 MHz, stations in the radiolocation service shall not cause harmful interference to, nor claim protection from, radar systems in the radionavigation service.      (WRC-03).

5.426 The use of the band 2 900-3 100 MHz by the aeronautical radionavigation service is limited to ground-based radars.



5.2.5.2 	Related ITU-R documents and aviation documents in the frequency band 2 700-3 100 MHz

Recommendation ITU-R M.1464 contains characteristics and protection criteria for radar systems operating in the aeronautical radionavigation and radiolocation services in the band 2 700-2 900 MHz.  Recommendation ITU-R M.1849 contains the technical and operational aspects of ground based meteorological radars.



53.2.5.3	Suitability of the band 2 700-3 100 MHz for ground based detect sense & avoid

5.2.5.3.1	2 700-2 900 MHz

Operation of ground based DAA systems in the 2 700-2 900 MHz is possible however, many aviation radars already operate in this band and these radars are typically found at airports.  In addition meteorological radars (5.423) are also operated in this band.  The 2 700-2 900 MHz frequency band can be used to support ground based DAA systems located beyond major airports.

5.2.5.3.2	2 900-3 100 MHz

Operation of ground based DAA systems in Tthe frequency band 2 900-3 100 MHz is permitted however, compatibility with shipboard maritime radionavigation systems is a significant issue.  that          operated by various radar systems and co-existence with DAA systems onboard aircraft is not ensured.  [needs more]

This frequency band 2 900-3 100 MHz can be used to support ground bases DAA systems provided operations are compatible with maritime radars that operate in this band is considered not suitable for DAA systems onboard UA.



5.2.6	Frequency band 4 200-4 400 MHz

5.2.6.1	Allocations to operate detect and avoid and other services in the frequency band 4 200‑4 400 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		4 200-4 400	AERONAUTICAL MOBILE (R)  5.436

				AERONAUTICAL RADIONAVIGATION  5.438

				5.437  5.439  5.440







5.436	Use of the frequency band 4 200-4 400 MHz by stations in the aeronautical mobile (R) service is reserved exclusively for wireless avionics intra-communication systems that operate in accordance with recognized international aeronautical standards. Such use shall be in accordance with Resolution 424 (WRC-15).     (WRC-15)

5.437	Passive sensing in the Earth exploration-satellite and space research services may be authorized in the frequency band 4 200-4 400 MHz on a secondary basis.     (WRC-15)

5.438	Use of the frequency band 4 200-4 400 MHz by the aeronautical radionavigation service is reserved exclusively for radio altimeters installed on board aircraft and for the associated transponders on the ground.     (WRC-15)

5.439	Additional allocation: in Iran (Islamic Republic of), the band 4 200-4 400 MHz is also allocated to the fixed service on a secondary basis.     (WRC-12)

5.440	The standard frequency and time signal-satellite service may be authorized to use the frequency 4 202 MHz for space-to-Earth transmissions and the frequency 6 427 MHz for Earth-to-space transmissions. Such transmissions shall be confined within the limits of ± 2 MHz of these frequencies, subject to agreement obtained under No. 9.21.



5.2.6.2 	Related ITU-R documents and aviation documents in the frequency band 4 200-4 400 MHz

Recommendation ITU-R M.2059 contains characteristics and protection criteria for radio altimeter systems operating in the aeronautical radionavigation service in the band 4 200-4 400 MHz and Recommendation M.2085 contains characteristics and protection criteria for wireless avionics intra-communication systems operating in the aeronautical mobile (R) service in the frequency band 4 200-4 400 MHz.  Recommendation ITU-R RS-1624 contains information on sharing between the Earth exploration satellite (passive) service and airborne altimeters in the aeronautical radionavigation service in the band 4 200-4 400 MHz.

The aeronautical radionavigation service in the band 4 200-4 400 MHz is used for aircraft radio altimeter systems.  Information on these weather detection systems can be found in and Technical Standard Orders C87a[footnoteRef:6] and C92c[footnoteRef:7]. [6:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C687a, Airborne Low Range Radar Altimeter, 31 May 2012.]  [7:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C92c, Airborne Ground Proximity Warning Equipment, 19 March 1996.] 




5.2.6.3	Suitability of the frequency band 4 200-4 400 MHz for ground based detect and avoid systems onboard unmanned aircraft

Operation of ground based DAA systems onboard unmanned aircraft is not possible due to radio altimeter only restriction on the aeronautical radionavigation service in RR No. 5.438 in the band 4 200-4 400 MHz.



5.2.7	Frequency band 5 000-5 250 MHz

5.2.7.1	Allocations to operate detect and avoid and other services in the frequency band 5 000‑5 250 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		5 000-5 010	AERONAUTICAL MOBILE-SATELLITE (R)  5.443AA

				AERONAUTICAL  RADIONAVIGATION

				RADIONAVIGATION-SATELLITE (Earth-to-space)



		5 010-5 030	AERONAUTICAL MOBILE-SATELLITE (R)  5.443AA

				AERONAUTICAL  RADIONAVIGATION

				RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space)

				5.328B  5.443B



		5 030-5 091	AERONAUTICAL MOBILE (R)  5.443C

				AERONAUTICAL MOBILE-SATELLITE (R)  5.443D

				AERONAUTICAL  RADIONAVIGATION

				5.444



		5 091-5 150	FIXED-SATELLITE (Earth-to-space)  5.444A

				AERONAUTICAL MOBILE  5.444B

				AERONAUTICAL MOBILE-SATELLITE (R)  5.443AA

				AERONAUTICAL RADIONAVIGATION

				5.444



		5 150-5 250	FIXED-SATELLITE (Earth-to-space)  5.447A

				MOBILE except aeronautical mobile  5.446A  5.446B

				AERONAUTICAL RADIONAVIGATION

				5.446  5.446C  5.447  5.447B  5.447C







5.443C	The use of the frequency band 5 030-5 091 MHz by the aeronautical mobile (R) service is limited to internationally standardized aeronautical systems. Unwanted emissions from the aeronautical mobile (R) service in the frequency band 5 030-5 091 MHz shall be limited to protect RNSS system downlinks in the adjacent 5 010-5 030 MHz band. Until such time that an appropriate value is established in a relevant ITU-R Recommendation, the e.i.r.p. density limit of −75 dBW/MHz in the frequency band 5 010-5 030 MHz for any AM(R)S station unwanted emission should be used.     (WRC‑12)

5.444	The frequency band 5 030-5 150 MHz is to be used for the operation of the international standard system (microwave landing system) for precision approach and landing. In the frequency band 5 030-5 091 MHz, the requirements of this system shall have priority over other uses of this frequency band. For the use of the frequency band 5 091-5 150 MHz, No. 5.444A and Resolution 114 (Rev.WRC-15) apply.     (WRC‑15)

5.444B	The use of the frequency band 5 091-5 150 MHz by the aeronautical mobile service is limited to:

–	systems operating in the aeronautical mobile (R) service and in accordance with international aeronautical standards, limited to surface applications at airports. Such use shall be in accordance with Resolution 748 (Rev.WRC-15);

–	aeronautical telemetry transmissions from aircraft stations (see No. 1.83) in accordance with Resolution 418 (Rev.WRC-15).     (WRC‑15)

5.446	Additional allocation:  in the countries listed in No. 5.369, the frequency band 5 150‑5 216 MHz is also allocated to the radiodetermination-satellite service (space-to-Earth) on a primary basis, subject to agreement obtained under No. 9.21. In Region 2 (except in Mexico), the frequency band is also allocated to the radiodetermination-satellite service (space-to-Earth) on a primary basis. In Regions 1 and 3, except those countries listed in No. 5.369 and Bangladesh, the frequency band is also allocated to the radiodetermination-satellite service (space-to-Earth) on a secondary basis. The use by the radiodetermination-satellite service is limited to feeder links in conjunction with the radiodetermination-satellite service operating in the frequency bands 1 610-1 626.5 MHz and/or 2 483.5-2 500 MHz. The total power flux-density at the Earth’s surface shall in no case exceed −159 dB(W/m2) in any 4 kHz band for all angles of arrival.     (WRC‑15)

5.446C	Additional allocation:  in Region 1 (except in Algeria, Saudi Arabia, Bahrain, Egypt, United Arab Emirates, Jordan, Kuwait, Lebanon, Morocco, Oman, Qatar, Syrian Arab Republic, Sudan, South Sudan and Tunisia) and in Brazil, the band 5 150-5 250 MHz is also allocated to the aeronautical mobile service on a primary basis, limited to aeronautical telemetry transmissions from aircraft stations (see No. 1.83), in accordance with Resolution 418 (Rev.WRC‑12)[footnoteRef:8]*. These stations shall not claim protection from other stations operating in accordance with Article 5. No. 5.43A does not apply.    (WRC‑12) [8: * 	Note by the Secretariat:  This Resolution was revised by WRC-15.] 


5.447	Additional allocation:  in Côte d'Ivoire, Egypt, Israel, Lebanon, the Syrian Arab Republic and Tunisia, the band 5 150-5 250 MHz is also allocated to the mobile service, on a primary basis, subject to agreement obtained under No. 9.21. In this case, the provisions of Resolution 229 (Rev.WRC‑12) do not apply.    (WRC‑12)

5.447B	Additional allocation:  the band 5 150-5 216 MHz is also allocated to the fixed-satellite service (space-to-Earth) on a primary basis. This allocation is limited to feeder links of non-geostationary-satellite systems in the mobile-satellite service and is subject to provisions of No. 9.11A. The power flux-density at the Earth’s surface produced by space stations of the fixed-satellite service operating in the space-to-Earth direction in the band 5 150-5 216 MHz shall in no case exceed –164 dB(W/m2) in any 4 kHz band for all angles of arrival.



5.2.7.2 	Related ITU-R documents and aviation documents in the frequency band 5 000-5 250 MHz

Recommendations ITU-R M.1318, ITU-R M.1901, ITU-R M.1906, and ITU-R M.2031 apply to the radionavigation-satellite services in the bands 5 000-5 010 MHz and 5 010-5 250 MHz.

[Editor’s Note:  Additional work on this section is needed]

 [TBD]



5.2.7.3	Suitability of the frequency band 5 000-5 250 MHz for ground based detect and avoid systems onboard unmanned aircraft

The frequency band 5 000-5 250 MHz is operated or planned by various aeronautical systems including the microwave landing system, the radionavigation-satellite service links, UAS terrestrial and satellite C2 Links, radio local area networks, aeronautical telemetry downlinks, the fixed-satellite service (Earth-to-space) (space-to-Earth), and the mobile service.  Therefore, co-existence of DAA systems onboard unmanned aircraft is not ensured.

The frequency band 5 000-5 250 MHz is considered not suitable for ground based DAA systems.

 [TBD]



5.2.8	Frequency band 5 350-5 470 MHz

5.2.8.1	Allocations to operate detect and avoid and other services in the frequency band 5 350‑5 470 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		5 350-5 460	EARTH EXPLORATION-SATELLITE (active)  5.448B

		RADIOLOCATION  5.448D

		AERONAUTICAL RADIONAVIGATION  5.449

		SPACE RESEARCH (active)  5.448C



		5 460-5 470	EARTH EXPLORATION-SATELLITE (active)

		RADIOLOCATION  5.448D

		RADIONAVIGATION  5.449

		SPACE RESEARCH (active)

		5.448B







5.448B	The Earth exploration-satellite service (active) operating in the band 5 350-5 570 MHz and space research service (active) operating in the band 5 460-5 570 MHz shall not cause harmful interference to the aeronautical radionavigation service in the band 5 350-5 460 MHz, the radionavigation service in the band 5 460-5 470 MHz and the maritime radionavigation service in the band 5 470-5 570 MHz.     (WRC-03)

5.448C	The space research service (active) operating in the band 5 350-5 460 MHz shall not cause harmful interference to nor claim protection from other services to which this band is allocated.      (WRC-03)

5.448D	In the frequency band 5 350-5 470 MHz, stations in the radiolocation service shall not cause harmful interference to, nor claim protection from, radar systems in the aeronautical radionavigation service operating in accordance with No. 5.449.      (WRC-03)

5.449	The use of the band 5 350-5 470 MHz by the aeronautical radionavigation service is limited to airborne radars and associated airborne beacons.



5.2.8.2	Related ITU-R documents and aviation documents in the frequency band 5 350-5 470 MHz

Recommendation ITU-R M.1638 contains characteristics and protection criteria for systems operating in the aeronautical radionavigation and radiolocations services in the band 5 350-5 470 MHz.  Technical Standard Order C212[footnoteRef:9] contains the aviation standards for airborne DAA radars operating in the aeronautical radionavigation service in various bands including the band 5 350-5 470 MHz.  The aeronautical radionavigation service in the band 5 350-5 470 MHz is also used for systems that provide weather information for pilots onboard aircraft.  Information on these weather detection systems can be found in and Technical Standard Order (TSO) C63c[footnoteRef:10]. [9:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.]  [10:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C63c, Airborne Weather and Ground Mapping Pulsed Radars, 18 August 1983.] 


There are no ITU-R Recommendations that apply to the Earth exploration-satellite (active) and space research (active) services in the band 5 350-5 470 MHz.

There are no ITU-R Recommendations that apply to the maritime radionavigation service in the band 5 470-5 570 MHz.



5.2.8.3	Suitability of the frequency band 5 350-5 470 MHz for ground based detect and avoid systems

Operation of a ground based DAA systems is not possible due to the airborne only restriction in RR No. 5.449 in the frequency band 5 470-5 570 MHz.



5.2.9	Frequency band 8 750-8 850 MHz

5.2.9.1	Allocations to operate detect and avoid and other services in the frequency band 8 750‑8 850 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		8 750-8 850	RADIOLOCATION

				AERONAUTICAL RADIONAVIGATION  5.470

				5.471







5.470	The use of the band 8 750-8 850 MHz by the aeronautical radionavigation service is limited to airborne Doppler navigation aids on a centre frequency of 8 800 MHz.

5.471	Additional allocation:  in Algeria, Germany, Bahrain, Belgium, China, Egypt, the United Arab Emirates, France, Greece, Indonesia, Iran (Islamic Republic of), Libya, the Netherlands, Qatar and Sudan, the frequency bands 8 825-8 850 MHz and 9 000-9 200 MHz are also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars only.     (WRC‑15)



5.2.9.2 	Related ITU-R documents and aviation documents in the frequency band 8 750-8 850 MHz

Recommendation ITU-R M.1796-2 contains characteristics and protection criteria for systems operating in the aeronautical radionavigation and radiolocations services in the band 8 500-10 680 MHz and includes characteristics for a DAA radar that operates in the band 8 750-8 850 MHz.  Technical Standard Order C212[footnoteRef:11] contains the aviation standards for airborne DAA radars operating in the aeronautical radionavigation service in various bands including the band 8 750-8 850 MHz. The aeronautical radionavigation service in the band 8 750-8 850 MHz is also used for systems that provide weather information for pilots onboard aircraft.  Information on these weather detection systems can be found in and Technical Standard Order C65a[footnoteRef:12]. [11:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.]  [12:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C65a, Airborne Doppler Radar Ground Speed and/or Drift Angle Measuring Equipment (for Air Carrier Aircraft), 18 August 1983.] 




5.2.9.3	Suitability of the frequency band 8 750-8 850 MHz for ground based detect and avoid systems

Operation of a ground based DAA systems is not possible due to the airborne only restriction in RR No. 5.470 in the frequency band 8 750-8 850 MHz.



53.2.10	Frequency band 9 000-9 200 MHz

53.2.10.1	Allocation to operate detect and avoid and other services in the frequency band 9 000-9 200 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		9 000-9 200	RADIOLOCATION

				AERONAUTICAL RADIONAVIGATION  5.337

				5.471  5.473A







5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.

5.471	Additional allocation:  in Algeria, Germany, Bahrain, Belgium, China, Egypt, the United Arab Emirates, France, Greece, Indonesia, Iran (Islamic Republic of), Libya, the Netherlands, Qatar and Sudan, the frequency bands 8 825-8 850 MHz and 9 000-9 200 MHz are also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars only.     (WRC‑15)

5.473A	In the band 9 000-9 200 MHz, stations operating in the radiolocation service shall not cause harmful interference to, nor claim protection from, systems identified in No. 5.337 operating in the aeronautical radionavigation service, or radar systems in the maritime radionavigation service operating in this band on a primary basis in the countries listed in No. 5.471.     (WRC-07)

 [TBD]



5.2.10.2 	Related ITU-R documents and aviation documents in the frequency band 9 000-9 200 MHz

Recommendation ITU-R M.1796-2 contains characteristics and protection criteria for systems operating in the aeronautical radionavigation and radiolocations services in the band 8 500-10 680 MHz and includes characteristics for precision approach and landing radar, Airport surveillance radar, and Airport surface detection equipment (ASDE) radars.



53.2.10.3	Suitability of the frequency band 9 000-9 200 MHz for ground based detect & avoid systems

No restriction in the RR.

Noting that the use of the radiolocation service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service, the band 9 000-9 200 MHz is suitable for operation of ground based DAA systems.

DAA systems need to be compatible with existing aviation surveillance radar system that operate in the frequency band 9 000-9 200 MHz and colocation of a DAA system with existing aviation surveillance radars that operates in this band may be difficult.

In some administrations maritime radionavigation radar systems for use by shore-based radars are also allocated and coordination of DAA operations with these maritime radars is required.



5.23.11.7	Frequency band 9 300-9 800 MHz

5.2.11.1	Allocations to operate detect and avoid and other services in the frequency band 9 300‑9 800 MHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		9 300-9 500	EARTH EXPLORATION-SATELLITE (active)

				RADIOLOCATION

				RADIONAVIGATION

				SPACE RESEARCH (active)

				5.427  5.474  5.475  5.475A  5.475B  5.476A



		9 500-9 800	EARTH EXPLORATION-SATELLITE (active)

				RADIOLOCATION

				RADIONAVIGATION

				SPACE RESEARCH (active)

				5.476A







5.427	In the bands 2 900-3 100 MHz and 9 300-9 500 MHz, the response from radar transponders shall not be capable of being confused with the response from radar beacons (racons) and shall not cause interference to ship or aeronautical radars in the radionavigation service, having regard, however, to No. 4.9.

5.474	In the band 9 200-9 500 MHz, search and rescue transponders (SART) may be used, having due regard to the appropriate ITU-R Recommendation (see also Article 31).

5.475	The use of the band 9 300-9 500 MHz by the aeronautical radionavigation service is limited to airborne weather radars and ground-based radars. In addition, ground-based radar beacons in the aeronautical radionavigation service are permitted in the band 9 300-9 320 MHz on condition that harmful interference is not caused to the maritime radionavigation service.     (WRC-07)

5.475A	 The use of the band 9 300-9 500 MHz by the Earth exploration-satellite service (active) and the space research service (active) is limited to systems requiring necessary bandwidth greater than 300 MHz that cannot be fully accommodated within the 9 500-9 800 MHz band.      (WRC‑07)

5.475B	In the band 9 300-9 500 MHz, stations operating in the radiolocation service shall not cause harmful interference to, nor claim protection from, radars operating in the radionavigation service in conformity with the Radio Regulations. Ground-based radars used for meteorological purposes have priority over other radiolocation uses.      (WRC‑07)

5.476A	In the band 9 300-9 800 MHz, stations in the Earth exploration-satellite service (active) and space research service (active) shall not cause harmful interference to, nor claim protection from, stations of the radionavigation and radiolocation services.     (WRC‑07)



5.2.11.2 	Related ITU-R documents and aviation documents in the frequency band 9 300-9 800 MHz

Recommendation ITU-R M.1796-2 contains characteristics and protection criteria for systems operating in the aeronautical radionavigation and radiolocations services in the band 8 500-10 680 MHz and includes characteristics for a DAA radar that operates in the band 9 300-9 500 MHz.  Technical Standard Order C212[footnoteRef:13] contains the aviation standards for airborne DAA radars operating in the aeronautical radionavigation service in various bands including the band 9 300-9 500 MHz. The aeronautical radionavigation service in the band 9 300-9 500 MHz is also used for systems that provide weather information for pilots onboard aircraft.  Information on these weather detection systems can be found in and Technical Standard Order C63c[footnoteRef:14]. [13:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.]  [14:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C63c, Airborne Weather and Ground Mapping Pulsed Radars, 18 August 1983.] 


Recommendations ITU-R RS.577, ITU-R RS.1166, and ITU-R RS.2105 apply to the Earth exploration-satellite (active) and space research (active) services in the bands 9 300-9 500 MHz and 9 500-9 800 MHz.



5.2.11.3	Suitability of the frequency band 9 300-9 800 MHz for ground based detect and avoid systems

5.2.11.3.1	9 300-9 500 MHz

Operation of ground based DAA systems in the band 9 300-9 500 MHz is not possible due to restriction in RR No. 5.475 limiting the aeronautical radionavigation service to airborne weather radars.

5.2.11.3.21	9 500-9 800 MHz

No restriction in the RR.

Noting that the use of the Earth exploration satellite (active) service and Space research service (active) shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service, the band 9 500-9 800 MHz is suitable for operation of ground based DAA systems provided compatibility with radiolocation systems in the band are ensured.

The use of the Earth exploration satellite (active) service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service.  However there are operational EESS (active) missions for which compatibility with DAA systems has not been ensured.  Therefore DAA systems should take all practicable measures to minimize the chance of interference causing the premature obsolescence of in-orbit EESS (active) assets.

 [TBD]



5.2.12	Frequency band 13.25-13.4 GHz

5.2.12.1	Allocations to operate detect and avoid and other services in the frequency band 13.25‑13.4 GHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		13.25-13.4	EARTH EXPLORATION-SATELLITE (active)

				AERONAUTICAL RADIONAVIGATION  5.497

				SPACE RESEARCH (active)

				5.498A  5.499







5.497	The use of the band 13.25-13.4 GHz by the aeronautical radionavigation service is limited to Doppler navigation aids

5.498A	The Earth exploration-satellite (active) and space research (active) services operating in the band 13.25‑13.4 GHz shall not cause harmful interference to, or constrain the use and development of, the aeronautical radionavigation service.     (WRC-97)

5.499	Additional allocation:  in Bangladesh and India, the band 13.25-14 GHz is also allocated to the fixed service on a primary basis. In Pakistan, the band 13.25-13.75 GHz is allocated to the fixed service on a primary basis.    (WRC‑12)



5.2.12.2 Related ITU-R documents and aviation documents in the frequency band 13.25‑13.4 GHz

Recommendation ITU-R M.2008-1 contains characteristics and protection criteria for radar operating in the aeronautical radionavigation service.  Technical Standard Order C212[footnoteRef:15] contains the aviation standards for airborne DAA radars operating in the aeronautical radonavigation service in the frequency band 13.25-13.40 GHz. [15:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.] 


The aeronautical radionavigation service in the band 13.25-13.40 GHz is also used for systems that determine the ground speed and drift angle of an aircraft.  ITU-R Recommendation M.2008-1 contains characteristics and protection criteria for these systems.  Technical Standard Order C65a[footnoteRef:16] contains the aviation standards for these systems. [16:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C65aTSO-C65a, Airborne Doppler Radar Ground Speed and/or Drift Angle Measuring Equipment (for Air Carrier Aircraft), 18 August 1983. Note:  This TSO has been cancelled.  Equipment that has been previously approved under this TSO may continue to be produced and installed on aircraft.] 


There are no ITU-R Recommendations that apply to the Earth exploration-satellite (active) and space research (active) services in the band 13.25-13.40 GHz however Report ITU-R RS.2068-1 describes the use of this band by spaceborne active sensors.

There are no ITU-R Recommendations that apply to the fixed service in the band 13.25-13.40 GHz band.



53.2.12.3	Suitability of the frequency band 13.25‑13.4 GHz for ground based detect & avoid systems

No restriction in the RR.

Noting that the use of the Earth exploration satellite and space research services shall not constraint the use and development of aeronautical radionavigation service, operation of ground based DAA systems is allowed provided the DAA system employs Doppler frequency shift processing to comply with the Doppler aids requirement in RR No. 5.470.

The use of the Earth exploration satellite (active) service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service.  However there are operational EESS (active) missions for which compatibility with DAA systems has not been ensured.  Therefore DAA systems should take all practicable measures to minimize the chance of interference causing the premature obsolescence of in-orbit EESS (active) assets.

DAA systems need to be compatible with existing aviation radar system that operate in the band 13.25-13.4 GHz and colocation of a DAA system on an aircraft that is also equipped with an aviation radar that operates in this band may be difficult.  Further, compatibility with DAA systems onboard UA will also be required.

Since the frequency band 13.25-13.4 GHz is also allocated to the fixed service in Bangladesh, India, and Pakistan the suitability of this band needs to be further studied in those locations where fixed service is allocated on a primary basis.



5.2.13	Frequency band 14-14.3 GHz

5.2.13.1	Allocations to operate detect and avoid and other services in the frequency band 14-14.3 GHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		14-14.25	FIXED-SATELLITE (Earth-to-space)  5.457A  5.457B  5.484A  5.484B  5.506  5.506B 

				RADIONAVIGATION  5.504

				Mobile-satellite (Earth-to-space)  5.504B  5.504C  5.506A

				Space research

				5.504A  5.505



		14.25-14.3	FIXED-SATELLITE (Earth-to-space)  5.457A  5.457B  5.484A  5.484B  5.506  5.506B 

				RADIONAVIGATION  5.504

				Mobile-satellite (Earth-to-space)  5.504B  5.506A  5.508A

				Space research

				5.504A  5.505  5.508







5.504	The use of the band 14-14.3 GHz by the radionavigation service shall be such as to provide sufficient protection to space stations of the fixed-satellite service.

5.504A	In the band 14-14.5 GHz, aircraft earth stations in the secondary aeronautical mobile-satellite service may also communicate with space stations in the fixed-satellite service. The provisions of Nos. 5.29, 5.30 and 5.31 apply.     (WRC-03)

5.505	Additional allocation:  in Algeria, Saudi Arabia, Bahrain, Botswana, Brunei Darussalam, Cameroon, China, Congo (Rep. of the), Korea (Rep. of), Djibouti, Egypt, the United Arab Emirates, Gabon, Guinea, India, Indonesia, Iran (Islamic Republic of), Iraq, Israel, Japan, Jordan, Kuwait, Lebanon, Malaysia, Mali, Morocco, Mauritania, Oman, the Philippines, Qatar, the Syrian Arab Republic, the Dem. People’s Rep. of Korea, Singapore, Somalia, Sudan, South Sudan, Swaziland, Chad, Viet Nam and Yemen, the frequency band 14-14.3 GHz is also allocated to the fixed service on a primary basis.     (WRC‑15)

5.508	Additional allocation:  in Germany, France, Italy, Libya, The Former Yugoslav Rep. of Macedonia and the United Kingdom, the band 14.25-14.3 GHz is also allocated to the fixed service on a primary basis.    (WRC‑12)



5.2.13.2 	Related ITU-R documents and aviation documents in the frequency band 14‑14.3 GHz

Recommendation ITU-R M.946-3 contains power flux density limits for radionavigatio transmitters to protect space station received in the fixed-satellite service in the 14 GHz band.

[Editor’s Note:  Additional work on this section is needed]



5.2.13.3	Suitability of the frequency band 14-14.3 GHz for ground based detect and avoid systems

The frequency band 14-14.3 GHz is used for satellite uplinks and No. 5.504 requires the radionavigation service to protect the satellite receivers.  The power flux density limits to achieve this protection are found in Recommendation ITU-R M.946-3.  In addition, the fixed service systems is allocated in various countries and coexistence between ground based DAA systems aircraft and the fixed service is not ensured.

The frequency band 14-14.3 GHz is considered not suitable for ground based detect and avoid systems.

 [TBD]



5.2.14	Frequency band 15.4-15.7 GHz

5.2.14.13.2.7.1	Allocation to operate detect and avoid and other services in the frequency band 15.4-15.7 GHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		15.4-15.43	RADIOLOCATION  5.511E  5.511F

				AERONAUTICAL RADIONAVIGATION



		15.43-15.63	FIXED-SATELLITE (Earth-to-space)  5.511A

				RADIOLOCATION  5.511E  5.511F

				AERONAUTICAL RADIONAVIGATION

				5.511C



		15.63-15.7	RADIOLOCATION  5.511E  5.511F

				AERONAUTICAL RADIONAVIGATION







5.511A	Use of the frequency band 15.43-15.63 GHz by the fixed-satellite service (Earth-to-space) is limited to feeder links of non-geostationary systems in the mobile-satellite service, subject to coordination under No. 9.11A.     (WRC‑15)

5.511C	Stations operating in the aeronautical radionavigation service shall limit the effective e.i.r.p. in accordance with Recommendation ITU‑R S.1340‑0. The minimum coordination distance required to protect the aeronautical radionavigation stations (No. 4.10 applies) from harmful interference from feeder-link earth stations and the maximum e.i.r.p. transmitted towards the local horizontal plane by a feeder-link earth station shall be in accordance with Recommendation ITU‑R S.1340‑0.     (WRC‑15)

5.511E	In the frequency band 15.4-15.7 GHz, stations operating in the radiolocation service shall not cause harmful interference to, or claim protection from, stations operating in the aeronautical radionavigation service.    (WRC‑12)

5.511F	In order to protect the radio astronomy service in the frequency band 15.35-15.4 GHz, radiolocation stations operating in the frequency band 15.4-15.7 GHz shall not exceed the power flux-density level of −156 dB(W/m2) in a 50 MHz bandwidth in the frequency band 15.35-15.4 GHz, at any radio astronomy observatory site for more than 2 per cent of the time.    (WRC‑12)



5.2.14.2	Related ITU-R documents and aviation documents in the frequency band 15.4‑15.7 GHz

Recommendation ITU-R M.1730-1 contains characteristics and protection criteria for systems operating in the radiolocations services in the band 15.4-17.3 GHz.  There are no characteristics for any aeronautical radionavigation systems that operates in the band 15.4-15.7 GHz.  Technical Standard Order C212[footnoteRef:17] contains the aviation standards for airborne DAA radars operating in the aeronautical radionavigation service in various bands including the band 15.4-15.7 GHz.  The aeronautical radionavigation service in the band 15.4-15.7 GHz is also used for systems that provide weather information for pilots onboard aircraft.  Information on these weather detection systems can be found in and Technical Standard Order C65a[footnoteRef:18]. [17:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.]  [18:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C65a, Airborne Doppler Radar Ground Speed and/or Drift Angle Measuring Equipment (for Air Carrier Aircraft), 18 August 1983.] 


Recommendation ITU-R S.1340 addresses sharing between feeder links for the mobile-satellite service and the aeronautical radionavigation service in the Earth-to-space direction in the band 15.4-15.7 GHz.

Recommendation ITU-R S.1341 sharing between feeder links for the mobile-satellite service and the aeronautical radionavigation service in the space-to-Earth direction in the band 15.4-15.7 GHz and the protection of the radio astronomy service in the band 15.35-15.4 GHz.



5.2.14.3	Suitability of the band 15.4-15.7 GHz for ground based detect & avoid systems

Noting that radiolocation service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service operating in the band 15.4-15.7 GHz and that procedures for sharing with MSS feeder links in the 15.43-15.63 GHz can be found in Recommendations ITU-R S.1340 and S.1341, the band 15.4-15.7 GHz is suitable for operation of ground based DAA systems.  Further, compatibility with DAA systems onboard UA will also be required.



53.2.15	Frequency band 24.45-24.65 GHz

53.2.15.1	Allocation to operate detect and avoid and other services in the frequency band 24.45-24.65 GHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		24.45-24.65

FIXED

INTER-SATELLITE

MOBILE except aeronautical mobile 5.338A 5.532AB

		24.45-24.65

FIXED 5.532AA

INTER-SATELLITE

MOBILE except aeronautical mobile 5.338A 5.532AB

RADIONAVIGATION



5.533

		24.45-24.65

FIXED

INTER-SATELLITE

MOBILE  5.338A 5.532AB

RADIONAVIGATION





5.533







5.338A In the frequency bands 1 350-1 400 MHz, 1 427-1 452 MHz, 22.55-23.55 GHz, 24.25-27.5 GHz, 30-31.3 GHz, 49.7-50.2 GHz, 50.4-50.9 GHz, 51.4-52.4 GHz, 52.4-52.6 GHz, 81-86 GHz and 92-94 GHz, Resolution 750 (Rev.WRC-19) applies.     (WRC‑19)

5.532AA	The allocation to the fixed service in the frequency band 24.25-25.25 GHz is identified for use in Region 2 by high-altitude platform stations (HAPS). This identification does not preclude the use of this frequency band by other fixed-service applications or by other services to which this frequency band is allocated on a co-primary basis, and does not establish priority in the Radio Regulations. Such use of the fixed-service allocation by HAPS is limited to the HAPS-to-ground direction and shall be in accordance with the provisions of Resolution 166 (WRC-19).     (WRC‑19)

5.532AB The frequency band 24.25-27.5 GHz is identified for use by administrations wishing to implement the terrestrial component of International Mobile Telecommunications (IMT). This identification does not preclude the use of this frequency band by any application of the services to which it is allocated and does not establish priority in the Radio Regulations. Resolution 242 (WRC-19) applies.     (WRC‑19)

5.533	The inter-satellite service shall not claim protection from harmful interference from airport surface detection equipment stations of the radionavigation service.



5.2.15.2	Related ITU-R documents and aviation documents in the frequency band 24.45‑24.65 GHz

There are no ITU-R Recommendations that apply to the radionavigation inter-satellite service in the frequency band 24.45-24.65 GHz band.  Technical Standard Order C212[footnoteRef:19] contains the aviation standards for airborne DAA radars operating in the aeronautical radionavigation service in various bands including the frequency band 24.45-24.65 GHz. [19:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.] 


There are no ITU-R Recommendations ITU-R X.XXXX and ITU-R X.XXXX that apply to the inter-satellite service in the frequency band 24.45-24.65 GHz band.

There are no ITU-R Recommendations ITU-R X.XXXX and ITU-R X.XXXX that apply to the fixed service in the frequency band 24.45-24.65 GHz band.

There are no ITU-R Recommendations that apply to the mobile service in the frequency band 24.45-24.65 GHz band.



53.2.15.3	Suitability of the band 24.45-24.65 GHz for ground based detect & avoid systems

There is no worldwide allocation to the radionavigation service in this band however, regional allocations do allow for operations of ground based DAA systems in many parts of the world.

5.2.15.3.1	Region 1

Operation of ground based DAA systems onboard UA in Region 1 is not possible since there is no radionavigation allocation in the frequency band 24.45-24.65 GHz in Region 1.

5.2.15.3.2	Region 2

No restriction in the RR.

Operation of ground bases DAA systems in Tthe frequency band 24.45-24.65 GHz is possible suitable for operation of ground based DAA systems onboard UA in Region 21. provided Uusers should take into account fixed and mobile systems that also operate on a coequal basis in this band in accordance with the provisions of Resolution 166 (WRC-19)    (WRC‑19) and Resolution 242 (WRC-19)    (WRC‑19).

5.2.15.3.3	Region 3

Operation of may be possible for ground based DAA systems onboard UA in the frequency band 24.45-24.65 GHz is possible in Region 3 provided users take into account compatibility with the Ffixed and Mmobile systems that operate on a coequal basis in this band in accordance with the provisions of Resolution 242 (WRC-19)    (WRC‑19)Region 3 is ensured.



53.2.16	Frequency band 31.8-33.4 GHz

53.2.16.1	Allocation to operate detect and avoid and other services in the frequency band 31.8-33.4 GHz



		Allocation to services



		Region 1

		Region 2

		Region 3



		31.8-32		FIXED  5.547A

				RADIONAVIGATION

				SPACE RESEARCH (deep space) (space-to-Earth)

				5.547  5.547B  5.548



		32-32.3		FIXED  5.547A

				RADIONAVIGATION

				SPACE RESEARCH (deep space) (space-to-Earth)

				5.547  5.547C  5.548



		32.3-33		FIXED  5.547A

				INTER-SATELLITE

				RADIONAVIGATION

				5.547  5.547D  5.548



		33-33.4		FIXED  5.547A

				RADIONAVIGATION

				5.547  5.547E







5.547	The bands 31.8-33.4 GHz, 37-40 GHz, 40.5-43.5 GHz, 51.4-52.6 GHz, 55.78-59 GHz and 64-66 GHz are available for high-density applications in the fixed service (see Resolution 75 (WRC-2000)[footnoteRef:20]*). Administrations should take this into account when considering regulatory provisions in relation to these bands. Because of the potential deployment of high-density applications in the fixed-satellite service in the bands 39.5-40 GHz and 40.5-42 GHz (see No. 5.516B), administrations should further take into account potential constraints to high-density applications in the fixed service, as appropriate.     (WRC‑07) [20: * 	Note by the Secretariat:  This Resolution was revised by WRC-12.] 




53.2.16.2	Related ITU-R documents and aviation documents in the frequency band 31.8‑33.4 GHz

Recommendation ITU-R M.1466-1 contains characteristics and protection criteria for aeronautical radionavigation systems in the band 31.8-33.4 GHz.  Technical Standard Order C212[footnoteRef:21] contains the aviation standards for airborne DAA radars operating in the aeronautical radionavigation service in various bands including the frequency band 31.8-33.4 GHz. [21:  Department of Transportation, Federal Aviation Administration, Aircraft Certification Service, Washington DC, Technical Standard Order TSO-C212, Air-to-Air Radar (ATAR) for Traffic Surveillance, 22, September 2017.] 


[Editor’s Note:  Additional work on this section is needed]



5.2.16.3	Suitability of the band 31.8-33.4 GHz for ground based detect & avoid

[TBD]



5.2.17	Frequency band 43.5-47.0 GHz

[TBD]



5.2.18	Frequency band 66.0-71.0 GHz

[TBD]



5.2.19	Frequency band 95.0-100.0 GHz

[TBD]



5.2.20	Frequency band 123.0-130.0 GHz

[TBD]



5.2.21	Frequency band 191.8-200.0 GHz

[TBD]



5.2.22	Frequency band 235.0-238.0 GHz

[TBD]



[bookmark: _Toc8307838]64	Conclusion

TBD



		Radionavigation 
Frequency Band

		Availability for Airborne DAA

		Reason



		960-1 215164 MHz

		Not available

		Operation of ground based DAA systems is not considered possible due to the need to protect existing aeronautical radionavigation service and radionavigation-satellite service (RNSS) in this band.





		1 21540-1 300 MHz

		Possible

		The frequency band 1 215-1 300 MHz frequency band may be suitable can be used to support ground based DAA systems in administrations and in frequency bands where No. 5.331 applies if providing coordination with existing radar systems can be achieved.  In addition, DAA systems should take all practicable measures to minimize interference to RNSS receivers in the frequency band 1 215-1 300 MHz and the adjacent 1 164-1 215 MHz and 1 300-1 350 MHz frequency bands.





		1 300-1 350 MHz

		Possible Available

		Operation of ground based DAA systems may be possible if is allowed provided the DAA system is compatible with existing aeronautical adionavigation systems radar and radionavigation-satellite (Earth-to-space) systems that operate in the frequency band 1 300-1 350 MHz.  In addition, DAA systems should take all practicable measures to minimize interference to radiolocation systems and RNSS receivers in the frequency band 1 300-1 350 MHz and RNSS receivers in the adjacent 1 215-1 300 MHz frequency band.





		1 559-1 610 MHz

		Not available

		Operation of ground based DAA systems is not possible due to the need to protect the radionavigation-satellite service (RNSS) that provides critical position, navigation and timing (PNT) for multiple applications.





		1 610559-1 626.5 MHz

		Not available

		Operation of a ground based DAA systems is not possible due to the airborne restriction in RR No. 5.366 in the frequency band 1 610-1 626.5 MHz.





		2 700-2 900 MHz

		Available

		Operation of ground based DAA systems is allowed provided the DAA system is compatible with existing aviation surveillance radar and weather radar systems that operate in the frequency band 2 700-2 900 MHz.





		2 900-3 100 MHz

		Possible

		Operation of ground based DAA systems in the frequency band 2 900-3 100 MHz is possible however, compatibility with shipboard maritime radionavigation systems is a significant issue.  DAA systems need to ensure that they are compatible with maritime radars that operate in this band.





		4 200-4 400 MHz

		Not available

		Operation of ground based DAA systems onboard unmanned aircraft is not possible due to radio altimeter only restriction on the aeronautical radionavigation service in RR No. 5.438 in the band 4 200-4 400 MHz.





		5 000-5 250 MHz

		Not available

		Operation of ground based DAA systems is not possible due to the presence of numerous other aeronautical and non-aeronautical systems in this band.





		5 350-5 470 MHz

		Not available

		Operation of a ground based DAA systems is not possible due to the airborne only restriction in RR No. 5.449 in the frequency band 5 470-5 570 MHz.





		8 750-8 850 MHz

		Not available

		Operation of a ground based DAA systems is not possible due to the airborne only restriction in RR No. 5.470 in the frequency band 8 750-8 850 MHz.





		9 000-9 200 MHz

		Available

		Operation of ground based DAA systems is allowed provided the DAA system is compatible with existing aviation surveillance radar systems that operate in the band frequency band 9 000-9 200 MHz.





		9 300-9 500 MHz

		Not available

		Operation of ground based DAA systems is not possible due to restriction in RR No. 5.475 limiting the aeronautical radionavigation service to airborne weather radars.





		9 500-9 800 MHz

		Available

		Operation of ground based DAA systems is allowed provided the DAA system is compatible with the radiolocation systems that also operate in the frequency band 9 500-9 800 MH.





		13.25-13.4 GHz

		Available

		Operation of ground based DAA systems is allowed provided the DAA system employs Doppler frequency shift processing to comply with the Doppler aids requirement in RR No. 5.470 and provided the DAA system is compatible with airborne DAA systems that could also operate in the band frequency band 13.25-13.4 GHz.  Since compatibility with operational EESS (active) is not ensured, DAA systems should take all practicable measures to minimize the chance of interference causing the premature obsolescence of in-orbit EESS (active) satellites.





		14-14.3 GHz

		Not available

		Operation of DAA systems onboard UA is not possible due to the need to the requirement to protect satellite receivers.  In addition, in countries where the fixed service is also allocated, compatibility with the fixed service is not ensured.





		15.4-15.7 GHz

		Available



		Operation of ground based DAA systems is allowed provided provided the DAA system is compatible with airborne DAA systems that could also operate in the band frequency band 15.4-15.7 GHz.





		24.45-24.65 GHz

		Not Available in Region 1

		Operation of ground based DAA systems onboard UA in Region 1 is not possible since there is no radionavigation allocation in the frequency band 24.45-24.65 GHz in Region 1.





		

		Available in Region 2

		Operation of ground based DAA systems in Tthe frequency band 24.45-24.65 GHz is possible suitable for operation of ground based DAA systems onboard UA in Region 2 provided users take into account fixed and mobile systems that operate on a coequal basis in this band in accordance with the provisions of Resolution 166 (WRC-19)    (WRC‑19) and Resolution 242 (WRC-19)    (WRC‑19).





		

		Possible in Region 3

		Operation of may be possible for ground based DAA systems onboard UA in the frequency band 24.45-24.65 GHz provided users take into account compatibility with the Ffixed and Mmobile systems that operate on a coequal basis in this band in accordance with the provisions of Resolution 242 (WRC-19)    (WRC‑19)Region 3 is ensured.





		31.8-33.4 GHz

		

		



		43.5-47.0 GHz

		

		



		66.0-71.0 GHz

		

		



		95.0-100.0 GHz

		

		



		123.0-130.0 GHz

		

		



		191.8-200.0 GHz

		

		



		235.0-238.0 GHz
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Introduction

This proposed new Recommendation is intended to provide characteristics and protection criteria for unmanned aircraft (UA) Detect and Avoid (DAA) system operating in the aeronautical radionavigation service (ARNS) in the frequency band 15.4-15.7 GHz. These technical and operational characteristics are to be used as a guideline in analyzing compatibility between radars operating in the aeronautical radionavigation service and systems in other services within this band. 

Proposal

To provide the necessary radar characteristics for sharing studies with other systems in this band. 
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band 15.4-15.7 GHz

(202X)

Scope

This Recommendation specifies the characteristics and protection criteria of radars operating in the aeronautical radionavigation service (ARNS) in the frequency band 15.4-15.7GHz. The technical and operational characteristics should be used in analysing compatibility between radars operating in the aeronautical radionavigation service and systems in other services.



Keywords

15.4-15.7 GHz, radar, characteristics, protection.

Abbreviations/Glossary

ARNS	Aeronautical radionavigation service

DAA	Detect and Avoid

UA	Unmanned aircraft

UAS	Unmanned aircraft system

The ITU Radiocommunication Assembly,

considering

a)	that antenna, signal propagation, target detection, and large necessary bandwidth of radar required to achieve their functions are optimum in certain frequency bands;

b)	that the technical characteristics of radars operating in the aeronautical radionavigation service (ARNS) are determined by the mission of the system and vary widely even within a frequency band,

recognizing

a)	that the frequency band 15.4-15.7 GHz is allocated on a primary basis to aeronautical radionavigation, and radiolocation services, and that the fixed-satellite service (Earth-to-space) is also allocated on a primary basis in the band 15.43-15.63 GHz;

b)	that the radiolocation services operating in the frequency band 15.4-15.7 GHz shall not cause harmful interference to, or claim protection from the aeronautical radionavigation service;

c)	that the fixed-satellite service (Earth-to-space) operating in the frequency band 15.43-15.63 GHz is limited to feeder links of non-geostationary systems in the mobile-satellite service, and is subject to coordination under No. 9.11A

d)	that stations operating in the aeronautical radionavigation service shall limit the effective e.i.r.p. in accordance with Recommendation ITU-R S.1340-0;

e)	that for stations operating in the fixed-satellite service (Earth-to-space), the minimum coordination distance required to protect the aeronautical radionavigation stations (No. 4.10 applies) from harmful interference from feeder-link earth stations and the maximum e.i.r.p. transmitted towards the local horizontal plane by a feeder-link earth station shall be in accordance with Recommendation ITU-R S.1340-0,

recommends

1	that the technical and operational characteristics of the radars operating in the ARNS described in the Annex should be considered representative of those operating in the frequency band 15.4-15.7 GHz and used in studies of compatibility with systems in other services;

2	that the criterion of interfering signal power to radar receiver noise power level (I/N) of [‑6 dB/‑10 dB], should be used as the required protection level for the aeronautical radionavigation radars, and that this represents the aggregate protection level if multiple interferers are present.





Annex

Technical and operational characteristics of radars operating in the
aeronautical radionavigation service in the
frequency band 15.4-15.7 GHz

1	Introduction

ARNS system operates worldwide on a primary basis in the frequency band 15.4-15.7 GHz. This Annex presents the technical and operational characteristics of representative ARNS radars operating in this frequency band.

ARNS systems are installed in unmanned aircraft (UA) or on the ground to detect non-cooperative aircraft as a component of an UA Detect and Avoid (DAA) system.  The RTCA (formally known as Radio Technical Commission for Aeronautics) has developed a minimum operational performance standard for the airborne equipment “DO-366 – Air-to-Air Radar for Traffic Surveillance” and for the ground equipment “DO-381XX – Ground Based Surveillance System (GBSS) for Traffic Surveillance”.  These radars are used for collision avoidance on-board UA and are a vital part of the integration of unmanned aircraft system (UAS) in non-segregated airspace.

2	Characteristics of aeronautical radionavigation detect and avoid radar

The safe flight operation of UA necessitates advanced techniques to detect and track nearby aircraft, terrain, and obstacles to navigation. UA must avoid these objects in the same manner as manned aircraft. The remote pilot will need to be aware of the environment within which the aircraft is operating, be able to identify the potential threats to the continued safe operation of the aircraft, and take the appropriate action. The DAA radar is part of an unmanned aircraft collision avoidance system whose primary function is to provide the capability to detect, track and report non-cooperative air traffic information to the user in order to maintain adequate separation from intruders. The system utilizes a “Pilot-in-the-Loop” approach in which the ground-based UA pilot will have final authority regarding UAS avoidance manoeuvers. The technical parameters are provided in Table 1.




TABLE 1

Technical parameters of sense and avoid radar

		Parameter

		Units

		Radar 1

		Radar 2



		Platform

		

		Aircraft

		Ground



		Platform height 

		km

		Up to 20

		0



		Radar type

		

		Air-to-air radar fore UA DAA system

		Ground surveillance radar for UA DAA system 



		Ground speed 

		km/h

		[TBD]

		0



		Frequency tuning range 

		GHz

		15.4-15.7

		15.4-15.7



		Emission type

		

		[TBD]

		[TBD]



		Pulse width 

		s

		[TBD]

		[TBD]



		Pulse rise and fall times 

		ns

		[TBD]

		[TBD]



		RF emission bandwidth at 
-3 dB

-20 dB

-40 dB

		MHz

		

[TBD]

[TBD]

[TBD]

		

[TBD]

[TBD]

[TBD]



		Pulse repetition frequency

		pps

		[TBD]

		[TBD]



		Average transmitter power 

		W

		[TBD]

		[TBD]



		Receiver IF bandwidth

-3 dB

-20 dB

-60 dB bandwidth

		MHz

		

[TBD]

[TBD]

[TBD]

		

[TBD]

[TBD]

[TBD]



		Sensitivity

		dBm

		[TBD]

		[TBD]



		Receiver noise figure

		dB

		[TBD]

		[TBD]



		Calculated Rx noise power

		dBW

		[TBD]

		[TBD]



		Antenna type

		

		[TBD]

		[TBD]



		Antenna placement

		

		[TBD]

		[TBD]



		Antenna gain

		dBi

		[TBD]

		[TBD]



		First antenna side lobe

		dBi

		[TBD]

		[TBD]



		Horizontal beamwidth

		degrees

		[TBD]

		[TBD]



		Vertical beamwidth

		degrees

		[TBD]

		[TBD]



		Polarization

		

		[TBD]

		[TBD]



		Antenna scan

		degrees

		[TBD]

		[TBD]



		Protection criteria

		dB

		[TBD]−10

		[TBD]−10







3	Characteristics of aeronautical radionavigation landing system

This system is an electronic landing aid that provides flight path data to an approaching aircraft as the aircraft flies into range of the landing system. There are two separate surface transmitters, one for azimuth and one for elevation, as well as a receiver installed on the aircraft.  The system utilizes a one way transmission where the angular information is displayed on a cross-point indicator allowing the aircraft to align itself with the runway.

[TBD]

The technical parameters are provided in Table 2.




TABLE 2

Technical parameters of landing system

		Parameter

		Units

		Landing System Transmitter

		Landing System Receiver



		Platform

		

		Land/Ship 

		Aircraft



		Platform height 

		km

		Land : 0.01
Ship: 0.015-0.024

		Maximum: 2



		Ground speed 

		km/h

		Land :  0
Ship :  < 50

		< 350



		Frequency tuning range 

		GHz

		15.4-15.7

		15.4-15.7



		Emission type

		

		Pulse

		Not applicable



		Pulse width 

		s

		0.3

		Not applicable



		Pulse rise and fall times 

		ns

		Rise Time :  25-50; 
Fall Time :  25-200

		Not applicable



		RF emission bandwidth at 
-3 dB

-20 dB

-40 dB

		MHz

		4.8

18.5

65

		Not applicable



		Pulse repetition frequency

		pps

		15000

		Not applicable



		Average transmitter power 

		W

		Peak: 2500; 
Average: 7

		Not applicable



		Receiver IF bandwidth at

-3 dB

-20 dB

-60 dB bandwidth

		MHz

		Not applicable

		

12

17

24



		Sensitivity

		dBm

		Not applicable

		-72



		Receiver noise figure

		dB

		Not applicable

		11.5



		Calculated Rx noise power

		dBW

		Not applicable

		-121.7



		Antenna type

		

		Parabolic Reflector

		Horn



		Antenna placement

		

		Ground/Surface

		Bottom of aircraft



		Antenna gain

		dBi

		Horizontal: 32; 
Vertical: 26

		6



		First antenna side lobe

		dBi

		At least 17 dB below peak

		At least 17 dB below peak



		Horizontal beamwidth

		degrees

		Horizontal: 40; 
Vertical: 2

		70



		Vertical beamwidth

		degrees

		Horizontal: 1.3; Vertical: 6

		36



		Polarization

		

		Vertical

		Vertical



		Antenna scan

		degrees

		Sector Scan

		Fixed



		Protection criteria

		dB

		-10

		-10







4	Protection criteria

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The desensitizing effect on radars from other services of a continuous-wave or noise-like type modulation is predictably related to its intensity. In any azimuth sectors in which such interference arrives, its power spectral density (PSD) can, to within a reasonable approximation, simply be added to the PSD of the radar receiver thermal noise. If PSD of radar‑receiver noise in the absence of interference is denoted by N0 and that of noise-like interference by I0, the resultant effective noise PSD becomes simply I0 + N0.



Editor’s note: more information on the appropriate protection criteria will be provided once the technical and operational characteristics of radars in section 2 have been finalized.  

· For typical radars an increase of about 1 dB would constitute significant degradation, equivalent to a detection-range reduction of about 6%. Such an increase corresponds to an I/N ratio of 1.26, or an I/N ratio of about −6 dB. 

· For the radionavigation service considering the safety-of-life function, an increase of about 0.5 dB would constitute significant degradation. Such an increase corresponds to an (I/N) ratio of -10 dB. 



These protection criteria represent the aggregate effects of multiple interferers, when present; the allowable I/N ratio for an individual interferer depends on the number of interferers and their geometry, and needs to be assessed in the course of analysis of a given scenario. The aggregation factor can be very substantial in the case of certain communication systems in which a great number of stations can be deployed.
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Characteristics and Protection Criteria of Terrestrial Air-Ground, Unmanned Aircraft System Control and Non-Payload Communications Links operating in the AM(R)S allocation under No. 5.443C

Introduction

At WRC-2012 it was agreed, under No. 5.443C, that the frequency band 5 030-5 091MHz could be used by the aeronautical mobile (R) service limited to internationally standardized aeronautical systems.  Industry, international standards development organizations and ICAO have been working since then to develop the technology and standards necessary to use that allocation.  Consequently, it is now possible to provide characteristics and protection criteria for such systems for use in any future sharing studies within ITU-R.

Proposal

The United States of America proposes to assist in answering the above need by providing characteristics for such Control and Non-Payload Communications (CNPC) links operating in the AM(R)S allocation under No. 5443C and used in air-ground applications between Unmanned Aircraft (UA) and their Control Station (CS) where the Remote Pilot (RP) is located.
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Characteristics and Protection Criteria of Terrestrial Air-Ground, Unmanned Aircraft System Control and Non-Payload Communications Links operating in the AM(R)S allocation under No. 5.443C







[bookmark: dbreak]1	Introduction and Scope

As described in Report ITU-R M.2171, Characteristics of Unmanned Aircraft Systems (UAS) and spectrum requirements to support their safe operation in non-segregated airspace, there is a strong and growing demand for the use of UAS (also known as Remote Pilot Aircraft (RPA) by ICAO) in civil applications.  These UAS flights will share airspace with passenger carrying aircraft so their operation needs to be managed to safely allow the introduction of this new paradigm in aviation.

One aspect of the management of safe UAS operations is the management of the interference received by the Control and Non-Payload Communications (CNPC) receivers that link the Unmanned Aircraft (UA) and the Control Station (CS).  Additionally, since the frequency band is shared with other Route Service systems, the interference caused by the UAS must also be managed to ensure that the levels of safety are appropriately maintained.

To enable this interference analysis to be undertaken the characteristics and protection criteria for these Terrestrial, Air-Ground CNPC links operating in the AM(R)S allocation under No. 5.443C are required.  This report contains those characteristics and protection criteria based on systems that are being developed for international standardization by ICAO and which will be included within Annex 10, Volume VI, of their Standards and Recommended Practices.

2	Characteristics of Terrestrial Air-Ground CNPC links

2.1	UA and CS Link Characteristics



TABLE 1

Transmission And Reception Characteristics



		

		Units

		CNPC Link System Airborne Radios

		CNPC Link System Ground Radios



		Frequency of Operation

		MHz

		5 030 to 5 091

		5 030 to 5 091



		Baseband Signal

		

		Data

		Data



		User Data Rates

		kbps

		7.04 to 34.8

		7.04 to 34.8



		Duplexing

		

		Time Division

		Time Division











		Transmit/Receive Duration

Up from CS

Down form UA

		msec

		23 Up plus 1.3 Guard

23 Down plus 2.7 Guard

		23 Up plus 1.3 Guard

23 Down plus 2.7 Guard 



		Modulation

		

		GMSK or QPSK

		GMSK or QPSK



		Symbol Rates

		ksps

		34.5 to 138 including TDD, error correction/detection, guard times and synchronization overhead

		34.5 to 138 including TDD, error correction/detection, guard times and synchronization overhead



		Occupied Bandwidth, C

		kHz

		Variable per application with a Maximum of 250

		Variable per application with a Maximum of 250



		Antenna Gain

		dBi

		3

		22.5



		Cable Loss

		dB

		2

		3



		Antenna Pattern 

		

		Constant Azimuth

Constant Elevation

		Constant Azimuth

Tailored in Elevation

See Table 1



		Antenna Polarization

		

		Vertical with aircraft flying straight and level

		Vertical



		Maximum Antenna Height

		m

		22 860 (MSL)

Typical 8 000

		2 to 50

Typical 10



		Service Range

		km

		550

Typical 200

		550

Typical 200



		Transmitter Conducted Power

		dBm

		40

		40



		Transmitter In Band Emission Limits

		dBc/kHz

		-96 at 2MHz offset

See Table 2

		-96 at 2MHz offset

See Table 2



		Receiver Noise Figure

		dB

		6

		6



		Receiver In Band Rejection – except the operating channel

		dB

		44

		44



		Protection Criteria I/N *



		dB

		-10



		-10 







* Compatibility/sharing analyses could consider an aeronautical safety margin as recommended by ICAO. Values from 0 to 6 dB have been discussed.



TABLE 2

Control Station Elevation Antenna Pattern

Pattern is constant in azimuth



		Elevation Degrees

		Gain dBi



		0.5

		20.0



		1

		20.5



		2

		21.5



		4

		22.5



		8

		20.5



		16

		14.0



		32

		6.5



		64

		3.0



		>64

		3.0







TABLE 3

Transmitter In Band Emission Limits



		Offset from Carrier Frequency

		dBc/kHz



		Channel Width /2

		-54



		1.5 x Channel Width

		-749



		500 kHz

		-90



		2 000 kHz

		-96







TABLE 4

Transmitter Out Of Band Emission Limits



		Maximum CNPC Link System Power Spectral Density



		CNPC Link System Airborne Radios

		CNPC Link System Ground Radios



		TBD

		TBD







Editor’s Note:  It is envisioned that the proposed Recommendation ITU-R M.[TER_AG_CNPC_CHAR] will eventually include the out of band emission characteristics of AM(R)S transmissions into adjacent bands including those below 5 030 MHz that would be necessary for sharing studies to resolve the provisional nature of the -75 dBW/MHz protection value in No. 5.443C.
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