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Agenda
1. Welcome and Introductions
2. Approval of the agenda
3. Review of the US WP 1A Draft Prep and Meeting Schedule for May/June 2021


4. Preparatory meeting participation
a. Please send an email to Shelli Rose Haskins at shaskins@ntia.gov the day of the meeting informing me that you participated in the meeting. Please include your first and last name along with whom you are representing at the meeting. If you are participating via Teams, please insert this information into the chat box in lieu of sending an email. You do not need to do both. 
b. Contractors please self-identify as required by 48 CFR Part 211.106.
5. Quick Review of Microsoft Teams Features
a. Chat box meeting participation
b. Meeting details 
c. Mute/Unmute, *6 on telephone
d. Shared screen
e. Participants list (please do not use the raised hand feature, just audibly request the floor)
6. Fact Sheet & ITU-R Document templates
a. Contribution Format Guidance for US WP 1A


b. The format for an unassigned Fact Sheet title will be "USWP1A23_XX_FS - Title". The "XX" will be the document number assigned by the US WP 1A Chair and the FS stands for Fact Sheet. Subsequent versions (First Drafts up to Final Drafts) will be "USWP1A23_XX_rev1 - Title" then "USWP1A23_XX_rev2 - Title" and so on. The “XX” will be the same document number that is assigned to the Fact Sheet version of the document throughout the rest of the preparation meeting period.

7. NTIA website / document download: 
a. You can access all of the documents in today’s meeting from the NTIA website and under the appropriate title. Website link: https://uspreps.ntia.gov/wp1a   
8. Consideration of USA Documents for May/June 2021 meeting of WP 1A (7 First Drafts)
a. Contribution Matrix (in order of introductions):


b. Contributions Received (in chronological order):
	Document
USWP1A23
	Title
	Authors
	Status

	07


	Working document towards Information Paper and/or Report and/or Fact Sheet for Power Beaming (PB) Assessment, Research, Development and Demonstration Studies related to - solely within the USA borders (i.e., states/territories/etc.) - Disaster & Emergency Response and Recovery wireless power transmission (WPT).
	Joseph M. Rauscher, Spacefaring-Services.com
	Fact Sheet 
Withdrawn

	08


	Continuation of previous US contribution to update the “Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451”, Assessment of impact of wireless power transmission for electric vehicle charging on radiocommunication services.
	Ky Sealy, WiTricity Corp.
Jon Sirota, WiTricity Corp. 
	First Draft

	09


	Continuation of previous US contribution to suppress or deprecate Working Document Towards a Preliminary Draft New Recommendation [Report] ITU-R SM.[WPT-EMISSIONS] to status of a Working Document Towards a Preliminary Draft New Report ITU-R SM.[WPT-EMISSIONS]
	Ky Sealy, WiTricity Corp.
Jon Sirota, WiTricity Corp.
	Fact Sheet
Withdrawn

	10


	Revision to “Preliminary draft revision of Report ITU-R SM.2392-0 - Applications of wireless power transmission via radio frequency beam”, Assessment of impact of wireless power transmission for electric vehicle charging on radiocommunication services.
	Kevin Graf, FCC
Allen Yang, FCC
	First Draft

	11

[bookmark: _MON_1676474385]
	Proposed revisions to Working Document Towards a Preliminary Draft New Recommendation ITU-R SM.[WPT.BEAM.FRQ]
	Matthew Greenspan, Telecommunications Management Group, Inc. (TMG)
	First Draft

	12


	Proposed revisions to Working Document Towards a Preliminary Draft New Report ITU-R SM.[WPT.BEAM.IMPACTS]
	Matthew Greenspan, Telecommunications Management Group, Inc. (TMG)
	First Draft

	13


	Revision to “Preliminary draft revision of Report ITU-R SM.2392-0 - Applications of wireless power transmission via radio frequency beam”
	Michael Marcus, Marcus Spectrum Solutions LLC

	First Draft

	14


	Working document towards a preliminary Draft Revision to Recommendation ITU-R SM.2129-0 - Guidance on frequency ranges for operation of non-beam wireless power transmission systems for mobile and portable devices
	Brandy Jo Sykes, Apple Inc.
Dan Mansergh, Apple Inc.
	First Draft



9. ITU-R WP 1A Chairman’s Report:
a. Please review the ITU-R WP 1A Chairman’s report and bring any concerns or important information regarding the work to the attention of US WP 1A. Link to the Chairman’s Report can be found at: https://www.itu.int/en/ITU-R/study-groups/rsg1/rwp1a/Pages/default.aspx
b. Add any comments to the US WP 1A Contribution Matrix MS Excel document and circulate to the group.
10. Correspondence Group (CG) Participation
a. If you would like to participate in an ITU-R WP 1A related CG that has not been formally discussed under US WP 1A, you may participate but not as a USA delegate. In that case, when you join the ITU-R Webex meetings, please be sure that USA does not display next to your name and if you speak during the meeting please do not identify yourself as a USA delegate.
b. CG’s may take place outside of the posted US WP 1A Prep. & Meeting Schedule. In that case, meetings to address the CG as a USA delegation may occur. That information will be circulated to the US WP 1A distribution list and those that regularly participate in those discussions will be welcome to participate in the ITU-R meeting as a USA delegate.
c. To be included in an ITU-R CG distribution list please log in to your ITU-R account and go to: https://www.itu.int/online/mm/scripts/mailinglist. You can subscribe and unsubscribe to the ITU-R CG lists there.
d. Please bring any concern regarding CG’s to the attention of the US WP 1A Chair.
11. ITU-R WP 1A meeting registration
a. Department of State ITU-R Self Registration Process & WRC-23 US HoD Leads information circulated on 1/26/2021:


b. Self-registration two-step process:


c. Registration for the U.S. delegation will open Monday, April 12, 2021 and close Friday, April 30, 2021 in accordance with the General Guidance document regarding regular participation. I am keeping a list of participation in line with this policy. The ITU-R registration opens on February 25, 2021, however, I have put a time on our preparatory schedule when I plan to focus on the delegation registration. Please do not email me of your plan to participate on the delegation before the period stated above unless requested to do so.
Email the US WP 1A Chair with your intention of participating on the USA delegation before self-registering for confirmation to proceed with self-registration. (Participation in 2 of 3 meetings is required.)
d. ITU-R Event Registration link: https://www.itu.int/net4/ITU-R/events
e. Register at the same time for all of the Study Group 1 block Working Party meetings that you plan to participate in, and only for the groups you plan to participate in. If you are participating in ITU-R WP 1B or 1C meetings you will need to coordinate with the U.S. Chair of those groups accordingly.
f. If you would like to participate on the delegation and have not met the minimum participation requirement, you may participate as an observer on the delegation. Please reach out to the Chair for more information.
12. US WP1A and US SG 1 are now meeting separately
a. US SG 1 will be Co-Chaired by Shelli Rose Haskins (NTIA) and Allen Yang (FCC).
b. Email Shelli Rose Haskins at shaskins@ntia.gov to be added to the US SG 1 listserv if you are not already on that mailing list.
13. Next US WP 1A Meeting 
a. US WP 1A Meeting #3 is Monday, April 12th at 11:00 am Eastern Standard Time (EST)
14. Any other business?
1
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*DRAFT Preparatory Schedule for May-June 2021 Meeting of ITU-R WP 1AU.S. ITU-R

Study Groups

Preparatory

Meetings



1. All meetings will be 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 1A 

4. Proposed time line for preparatory activities:



January – June 2021 US WP 1A Timeline

		DATE / TIME

		TITLE

		*NOTE



		January 18th 

		First Call for Contributions 

for US WP 1A

		



		February 1st (MON) at 11 AM EST

		US WP 1A MEETING #1

		*FACT SHEETS DUE 5 PM EST JAN 28 (THURS)



		March 8th at (MON) 11 AM EST

		US WP 1A MEETING #2

		*FIRST DRAFTS DUE 5 PM EST MAR 4 (THURS)



		March 14th (SUN) at 2 AM EST

		US Daylight Savings Time

		*Clocks shift forward 1 hour



		March 28th (SUN) at 2 AM CEST

		Geneva Daylight Savings Time

		*Clocks shift forward 1 hour



		April 12th at (MON) 11 AM EDT

		US WP 1A MEETING #3

		*FINAL DRAFTS DUE 5 PM EDT APR 8 (THURS)



		April 12th – April 30th (MON - FRI)

		ITU-R WP 1A Registration Period 

		*US WP 1A Registration deadline is 

April 30th (FRI) at 12 PM EDT



		April 16th – 30th (FRI – FRI)

		National Committee Review

		



		April 30th (FRI)

		Shift to Delegation Mode

		



		May 3rd – 14th (MON – FRI)

		NTIA/FCC/State 

Reconciliation Period

		



		May 18th (TUE) at 11 AM  EDT 

		WP 1A Documents DUE to ITU

		*Deadline for document submission to the BR



		May 19th (WED) at 1 PM EDT

		DELEGATION MEETING #1  

		*Review of WP 1A input contributions



		May 25th – June 2nd, 2021 

(TUE – WED)

		ITU-R WP 1A Meeting (Geneva)

		*This meeting may be held virtually (TBD)







*NOTE: The dates and times shown above are subject to change if necessary to conform to the ITU invitation letter or to resolve any scheduling conflicts that may arise during the prep cycle. Additional meetings may be scheduled for the preparation of Correspondence Groups. Plans to register for the ITU-R WP 1A meeting with the USA Delegation must be communicated with the USA Head of Delegation BEFORE the self-registration process occurs. 



5. Useful Links:

a. NTIA website / document download: 

https://uspreps.ntia.gov/wp1a  

b. ITU-R Contributions, Chairman’s Report, etc.: 

https://www.itu.int/en/ITU-R/study-groups/rsg1/rwp1a/Pages/default.aspx 

c. ITU Style Guides, Terminology, etc.:

https://www.itu.int/en/language-tools/Pages/default.aspx

d. Subscribe/Unsubscribe to ITU-R Correspondence Group (CG) distribution lists (must have ITU login)

https://www.itu.int/online/mm/scripts/mailinglist 



UNCLASSIFIED
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Contribution Format Guidance for US WP 1A - v3-6-21.docx
Updated: 3/6/2021

Contribution Format Guidance for US WP 1A

Document Format Structure

The title format used in US WP 1A is: USWP1A23_XX_FS - Title 

· [bookmark: _GoBack]"US" stands for United States 

· "WP1A" for Working Party 1A

· "23" for the WRC-23 preparatory cycle

· The "XX" is the assigned document number (provided by the Chair)

· "FS" stands for Fact Sheet

· The "Title" is whatever would be helpful for the reader to know what is in the document or is the subject focal point. 

· After the first initial FS submission, use the following format: USWP1A23_XX_rev1 - Title, USWP1A23_XX_rev2 - Title, and so on. 

For example, USWP1A23_07_FS - WPT Power Beaming would be the first submission of the Fact Sheet document. The second submission (first draft of the document) or any revisions of the document becomes USWP1A23_07_rev1 - WPT Power Beaming. Every revision after that just increases chronologically, rev1, rev2, and so on. For example, is USWP1A23_07_rev2 - WPT Power Beaming, USWP1A23_07_rev3 - WPT Power Beaming, etc. If there are errors to the initially submitted FS, those Fact Sheet corrections should be made with the first draft to avoid confusion in the document numbering. Please check your work for accuracy before submitting the document.

Note that the Fact Sheets should be only one page. 

You can always send your first drafts, etc. of a document along with a Fact Sheet. Deadlines for documents are for “at minimum” stages of the work. 

Numbering

For assigning document numbers, the Chair is starting with Document Number 1 and the beginning of the three to six month period for the U.S. preparatory schedule round of meetings and continuing chronologically. Each new round of meetings will pick up with numbering where the last round of meetings left off. This is to track how many U.S. inputs have been made to the ITU-R (or attempted) during the entire WRC (World Radiocommunication Conference) three to four year preparatory cycle. 

When submitting a document, reach out the Chair and a document number will be provided to you. That number will be used during the entire three to six month period of U.S. preparatory schedule round of meetings. If there is time before the document submission deadline, the Chair can be contacted for the assigned document number before the document is submitted.

Template

Below is the Fact Sheet Template used in US WP 1A and the ITU-R Cover Page Template. The ITU-R Cover Page Template format is used when you begin drafting your document and will be attached as a second page to the Fact Sheet for the first draft version and subsequent versions of the document.





[bookmark: _MON_1676655939]  

Document Editing

Use “Track Changes” when preparing, revising, and circulating a document. 

The “User Name” should display as “USA” in Track Changes. This is mandatory for document submission into the National Committee process. 

If help is needed with changing the User Name in Track Changes, please reach out to the Chair for further guidance. 

Document Distribution

The NTIA website link is as follows:

· https://uspreps.ntia.gov/wp1a

Documents will be posted to the NTIA website as soon as possible after they are received.



Document Status & Deadlines

Documents have three recognized phases of progression in US WP 1A. 

1. Fact Sheet (deadline before Meeting #1)

2. First Draft (deadline before Meeting #2)

3. Final Draft (deadline before final meeting of the group)

The deadlines for the Fact Sheet, First Draft, and Final Draft will be designated at the beginning of the three to six month period for the U.S. preparatory schedule round of meetings and will be communicated in the US WP 1A Preparatory and Meeting Schedule. These deadlines will take place (as indicated above) before the scheduled US WP 1A meeting to discuss the documents.

Documents going to the National Committee process have two ways of moving forward:

1. Consensus

2. Non Consensus

The National Committee deadlines will be designated at the beginning of the three to six month period for the U.S. preparatory schedule round of meetings and will be communicated in the US WP 1A Preparatory and Meeting Schedule. 
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U.S. Radiocommunications Sector


Fact Sheet





			Working Party:  ITU-R WP 1A


			Document No:  USWP1A23_#docnum#_#rev#





			Ref:	ITU-R Question 123-2/5


	


			Date:   January 2021





			Document Title:  Proposal to Revise Question ITU-R 123-2/5





			Author(s)/Contributors(s):





Josephine Author


Communications Company




















			


  


Phone:    +1-202-555-1515


Email:    j.author@comm.com  





 





			Purpose/Objective:  This is a Fact Sheet describing our plans to revise Question ITU-R 123-2/5 to add an additional question(s) and to update the date to complete the work or whether to create an all new Question.





			Abstract:  At the previous WP 1A meeting, there was some offline discussion about either revising Question ITU-R 123-2/5 or proposing a new Question to take into account Exciting New Technology 2025 (ENT-2020) which operates under the radiocommunication services being considered in the Question.  This contribution will propose several modifications to the Question to make it more comprehensive and take into account ENT-2025.
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US WP 1A Contribution Matrix v2-8-21.xlsx
US WP 1A

		Contributions  

		US WP 1A 
Doc. No.		Title		Summary		Source		AI / Q		SPOKESPERSON/ Lead Expert		U.S. Position 
& Talking Points		Comments		Interested Delegates		Status / Notes		National Committee Doc. No.		ITU-R Doc. No.		Related Work in other SG's, WP's, CG's or other organizations

		7		Working document towards Information Paper and/or Report and/or Fact Sheet for Power Beaming (PB) Assessment, Research, Development and Demonstration Studies related to - solely within the USA borders (i.e., states/territories/etc.) - Disaster & Emergency Response and Recovery wireless power transmission (WPT).		To develop one or more ITU-R Recommendations/ Information Paper and/or Report and/or Fact Sheet on power beaming, including technical characteristics and frequency ranges related to:  Assessment, Research, Development and Demonstration Studies related to - solely within the USA borders (i.e., states/territories/etc.) - Disaster & Emergency Response and Recovery wireless power transmission (WPT).		Joseph M. Rauscher, Spacefaring-Services.com				JOSEPH M. RAUSCHER				Withdrawn				Fact Sheet

		9		Continuation of previous US contribution to suppress or deprecate Working Document Towards a Preliminary Draft New Recommendation [Report] ITU-R SM.[WPT-EMISSIONS] to status of a Working Document Towards a Preliminary Draft New Report ITU-R SM.[WPT-EMISSIONS]		The purpose of this fact sheet is not to provide another redundant contribution on this topic to ITU-R WP1A but rather to propose continuation of the U.S. Delegation’s previous position on this document and to provide helpful information to the U.S. Delegates for the next meeting on this topic.  It is anticipated that contributions from other Sector Members or Delegations might be made towards this document so the US delegation should have appropriate information on hand to determine appropriate positions and responses to those contributions.		Ky Sealy, 
WiTricity Corp.

Jon Sirota, 
WiTricity Corp.				KY SEALY				Withdrawn				Fact Sheet

		11		Proposed revisions to Working Document Towards a Preliminary Draft New Recommendation ITU-R SM.[WPT.BEAM.FRQ]		This contribution adds a list of existing device approvals and certifications for WPT systems currently operating globally, to provide further context on some of the frequencies commonly designated by national governments for their use. At the same time, the document is proposed to be elevated to the status of a Preliminary New Recommendation—as the detailed work plan suggests.		Matthew Greenspan, Telecommunications Management Group, Inc. (TMG)				MATTHEW GREENSPAN								Fact Sheet

		12		Proposed revisions to Working Document Towards a Preliminary Draft New Report ITU-R SM.[WPT.BEAM.IMPACTS]		This document was created to house impact study information related to Beam WPT. As such, the proposed changes incorporate additional impact study information, including studies conducted at higher power levels than previous studies. In line with the work plan, the status is proposed to be elevated to Preliminary Draft New Report.		Matthew Greenspan, Telecommunications Management Group, Inc. (TMG)				MATTHEW GREENSPAN								Fact Sheet

		14		Working document towards a preliminary Draft Revision to Recommendation ITU-R SM.2129-0 - Guidance on frequency ranges for operation of non-beam wireless power transmission systems for mobile and portable devices		This input contribution proposes the following frequency ranges be included in Table 1 of recommends 2 using induction technologies: 300 – 400 kHz, 1610 – 1800 kHz and 1860 – 2050 kHz 
[Editor’s Note: additional frequency ranges to those above may be proposed for the first draft]		Brandy Jo Sykes, Apple Inc.

Dan Mansergh, 
Apple Inc.
				BRANDY JO SYKES								Fact Sheet

		8		Continuation of previous US contribution to update the “Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451”, Assessment of impact of wireless power transmission for electric vehicle charging on radiocommunication services.		Proposal to finish corrections, clarifications, and updates to SM.2451-0 including the previously contributed new appendix with a recent study on impact of WPT-EV on amateur radio performed on an OATS.  Subsequently the working document towards a preliminary draft should be elevated for adoption.		Ky Sealy, 
WiTricity Corp.

Jon Sirota, 
WiTricity Corp. 
				KY SEALY								Fact Sheet

		10		Revision to “Preliminary draft revision of Report ITU-R SM.2392-0 - Applications of wireless power transmission via radio frequency beam”, Assessment of impact of wireless power transmission for electric vehicle charging on radiocommunication services.		The document uses a mix of potentially confusing terminology to distinguish between radiating (aka, over-the-air or at-a-distance) and non-radiating (aka, inductive/capacitive, directly coupled, or locally operated) WPT.  The phrase “contact-based” appears to be used to mean physical contact but could potentially be confused with electrical contact. A list of terms to be used consistently may be helpful. Stylistic improvements may be needed.		Kevin Graf, FCC

Allen Yang, FCC
				KEVIN GRAF								Fact Sheet

		13		Revision to “Preliminary draft revision of Report ITU-R SM.2392-0 - Applications of wireless power transmission via radio frequency beam”		This input will proposed edits to include new bands for beam WPT in two existing ISM bands: 24.125 GHz ± 125.0 MHz and 61.25 GHz ± 250.0 MHz.  The 6 US companies developing beam WPT have told FCC in Docket 19-226 comments that they “support allowing WPT on all ISM frequencies” 		Michael Marcus, Marcus Spectrum Solutions LLC				MICHAEL MARCUS								Fact Sheet







		US WP 1A Contribution Link:  https://uspreps.ntia.gov/wp1a

				WRC-23 Agenda Items for which WP 1A is a Responsible Group

				*None designated.

				WRC-23 Agenda Items for which WP 1A is a Contributing Group

				*None designated.

				Other relevant WRC-23 Agenda Items

				*TBD.



				Allocation of ITU-R preparatory work for WRC-27

				Preliminary Agenda Item/Topic 2.1: Recommendation 663 (Rev.WRC-19) - New allocations for the radiolocation service in the frequency band 231.5-275 GHz, and a new identification for radiolocation service applications in frequency bands in the frequency range 275-700 GHz



				WRC Recommendations related to the work of Working Party 1A

				To Be Added - Link: https://extranet.itu.int/brdocsearch/R-REC/Forms/folders_inforce.aspx?FilterField1=Resp_WPs&FilterValue1=102&FilterLookupId1=1&FilterOp1=In 



				WRC Recommendations related to the work of Working Party 1A

				To Be Added - Link: https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fextranet.itu.int%2Fbrdocsearch%2FR-REP%2FForms%2FFolders%2520InForce.aspx%23ServerFilter%3DFilterField1%253DResp%25255FWPs-FilterValue1%253D102-FilterLookupId1%253D1-FilterOp1%253DIn-&amp;data=04%7C01%7Cshaskins%40ntia.gov%7C4bfd039f9234498c177108d8c6bd3896%7Cd6cff1bd67dd4ce8945dd07dc775672f%7C0%7C0%7C637477863311145594%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C2000&amp;sdata=BNPP9UTos9Sf65tWdaezzdE3Kx09Ni%2BQgjwqkoMGyRI%3D&amp;reserved=0 



				ITU-R Questions

				210-3/1 (S3) - WP1A Wireless power transmission  

				Wireless power transmission (itu.int)

				221-2/1 (S2) - WP1A Compatibility between radiocommunication systems and high data rate telecommunication systems using wired electrical power supply  transmission  

				Compatibility between radiocommunication systems and high data rate telecommunication systems using wired electrical power supply (itu.int)

				222/1 (S2) - WP1A Definition of the spectral properties of transmitter emissions   

				Definition of the spectral properties of transmitter emissions (itu.int)

				236/1 (S3) - WP1A Impact on radiocommunication systems from wireless and wired data transmission technologies used for the support of power grid management systems

				Impact on radiocommunication systems from wireless and wired data transmission technologies used for the support of power grid management systems (itu.int)

				237/1 (S3) - WP1A Technical and operational characteristics of the active services operating in the range 275-1 000 GHz    

				Technical and operational characteristics of the active services operating in the range 275-1 000 GHz (itu.int)

				W238/1 (S2) - WP1A Characteristics for use of visible light for broadband communications    

				Characteristics for use of visible light for broadband communications (itu.int)



https://uspreps.ntia.gov/wp1a/first-preparatory-meeting-us-working-party-1a-itu-r-working-party-1a-meeting-mayjune-2021https://www.itu.int/pub/R-QUE-SG01.221-2-2011https://www.itu.int/pub/R-QUE-SG01.222-2000https://www.itu.int/pub/R-QUE-SG01.236-2011https://www.itu.int/pub/R-QUE-SG01.237-2013https://www.itu.int/pub/R-QUE-SG01.238-2015https://uspreps.ntia.doc.gov/wp1a/second-preparatory-meeting-us-working-party-1a-itu-r-working-party-1a-meeting-mayjune-2021https://uspreps.ntia.doc.gov/wp1a/second-preparatory-meeting-us-working-party-1a-itu-r-working-party-1a-meeting-mayjune-2021https://uspreps.ntia.doc.gov/wp1a/second-preparatory-meeting-us-working-party-1a-itu-r-working-party-1a-meeting-mayjune-2021https://uspreps.ntia.gov/wp1a/first-preparatory-meeting-us-working-party-1a-itu-r-working-party-1a-meeting-mayjune-2021https://uspreps.ntia.doc.gov/wp1a/second-preparatory-meeting-us-working-party-1a-itu-r-working-party-1a-meeting-mayjune-2021https://uspreps.ntia.doc.gov/wp1a/second-preparatory-meeting-us-working-party-1a-itu-r-working-party-1a-meeting-mayjune-2021https://uspreps.ntia.doc.gov/wp1a/second-preparatory-meeting-us-working-party-1a-itu-r-working-party-1a-meeting-mayjune-2021https://www.itu.int/pub/R-QUE-SG01.210-3-2012

ITU-R WP 1A

		Contributions  

		No.		Title		Summary		Source		AI / Q		SPOKESPERSON/ Lead Expert		U.S. Position 
& Talking Points		Comments		Interested Delegates		Working Group		Status / Notes		Output / TEMP Doc.		Related Work in other SG's, WP's, CG's or other organizations









		[ 75 ]		Liaison statement to 3GPP (copy to ITU-R Working Parties 1A, 5A and 5D for information) - Test methods for over-the-air TRP field measurements of unwanted emissions from IMT radio equipment utilizing active antennas    				WP 1C

		[ 74 ]		Liaison statement to ITU-D Study Group 2 Question 7/2 and ITU-T Study Group 5 Question 3/5 (copy to ITU-R Working Parties 1A and 6A, for information) - Revision of Report ITU-R SM.2452-0 on EMF measurements to assess human exposure    				WP 1C

		[ 73 ]
+Ann.1-22 		Report on the first 2019-2023 meeting of Working Party 1A (e-meeting, 24 November - 2 December 2020)    

Annex 22 - Reply liaison statement to ITU-T Study Group 15 - Home networking (HNT) and Access Networking (ANT)				Chairman, WP 1A

		[ 73 ]
+Ann.21		Report on the first 2019-2023 meeting of Working Party 1A (e-meeting, 24 November - 2 December 2020)    

Annex 21 - Reply liaison statement ITU-T Study Group 5 on EMC Standards and Limits - Further cooperation on reducing EMI and RF noise				Chairman, WP 1A

		[ 73 ]
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U.S.  Power Beaming Radiocommunications Sector

First Draft for Information Paper and/or Report and/or Fact Sheet to be Provided



		Working Party:  ITU-R WP 1A

		Document No:  USWP1A23_07_FS



		Ref:  Question ITU-R 210-3/1,
 Recommendation  ITU-R SM.2392-0 (08/2016)

		Date:  21 January 2021



		Document Title:  Working document towards Information Paper and/or Report and/or Fact Sheet for Power Beaming (PB) Assessment, Research, Development and Demonstration Studies related to - solely within the USA borders (i.e., states/territories/etc.) - Disaster & Emergency Response and Recovery wireless power transmission (WPT).



		Author(s)/Contributors(s):

Joseph M. Rauscher, President & CEO, Spacefaring-Services.com

		Author(s)/Contributors(s):

Email:  spacefaring-servicescom@earthlink.net
Phone:  202-747-4403



		Purpose/Objective: To develop one or more ITU-R Recommendations/ Information Paper and/or Report and/or Fact Sheet on power beaming, including technical characteristics and frequency ranges related to:  Assessment, Research, Development and Demonstration Studies related to - solely within the USA borders (i.e., states/territories/etc.) - Disaster & Emergency Response and Recovery wireless power transmission (WPT).



		Abstract:  The contribution will propose:

· New, or updated or adjuncts to ITU-R issuance(s) including SM.2392-0 (08/2016) (i.e., ID c2, Applications: Point-to-Point WPT) to include additional recommended ISM band frequency ranges for Power Beaming (long distance wireless power transfer, distinct from short range inductive and capacitive means) applications related to - solely within the USA borders (i.e., states/territories/etc.) - Disaster & Emergency Response and Recovery wireless power transmission (WPT). They will incorporate assessments of RF technology and interference, as well as scheduling and socio-economic issues.

· Development of innovative technical, scheduling and socio-economic ITU-R Recommendations/Papers/Reports/Fact Sheets to accelerate:

1. Increased awareness and participation in the ITU‐R Study Groups by Power Beaming stakeholders.

2. Consensus building among Power Beaming USA stakeholders on next steps, perhaps to include:

2.1. Cooperation and collaboration within and outside Power Beaming community.

2.2. Agreement on organizations that will coordinate and guide next steps assignments.

2.3. Revising existing and/or developing new USA directives, policies, regulations, etc.

2.4. Economic stimulus (e.g., job creation) during disaster, emergency response and recovery periods, and even during normal conditions.

3. Identifying Power Beaming applications for consideration such as emergency energy response related to - solely within the USA borders (i.e., states/territories/etc.) - Disaster & Emergency Response and Recovery wireless power transmission (WPT) (e.g., natural disasters, refugee support, conflicts, etc.).

4. Launch of a USA consortium Power Beaming demonstration/pilot project related to - solely within the USA borders (i.e., states/territories/etc.) - Disaster & Emergency Response and Recovery wireless power transmission (WPT). This is proposed in the ‘near future’ under organization(s) coordinating and guiding next steps.
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U.S. Radiocommunications Sector

Fact Sheet



		Working Party:  ITU-R WP 1A

		Document No:  USWP1A23_08_rev1 - WD PDR Report SM.2451 on WPT-EV



		Ref:  ITU-R SM.2451
 

		Date:  2 March 2021



		Document Title:   Continuation of previous US contribution to update the “Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451”, Assessment of impact of wireless power transmission for electric vehicle charging on radiocommunication services.



		Author(s)/Contributors(s):

Ky Sealy

WiTricity Corp.



Jon Sirota

WiTricity Corp.

		

Email:  ky.sealy@witricity.com
Phone:  +1 617-926-2700 x3002


Email: jon.sirota@witricity.com
Phone:  +1 617-926-2700 x2239



		Purpose/Objective: Proposal to finish corrections, clarifications, and updates to SM.2451-0 including the previously contributed new appendix with a recent study on impact of WPT-EV on amateur radio performed on an OATS.  Subsequently the working document towards a preliminary draft should be elevated for adoption.



		Abstract:  The United States Delegation to WP1A contributed to the June 2020 meeting that was subsequently postponed until November 2020.  The contribution included the addition of a new study included in Annex 12 as well as some corrections and clarifications in the report SM.2451.  Due to the limited meeting time to finalize the working document, the meeting determined that work should continue on the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451-0.



This document proposes updates in-line with the previous U.S. contribution and proposes the following, in addition to other editorials and clarifications:

· Noting that a primary point of discussion in the document is the main body text describing the results of various studies; this document proposes revised main body text to provide a well-balanced summary of the various studies – including background, results, AND limitations of the studies.

· Noting that some have expressed question or concern about the background environmental noise levels in the Annex 12 study and whether they represent typical conditions; this document proposes to add information to the Annex 12 study about additional data collected regarding the background environmental noise levels at the test site.  Some of this data has already been available and some is newly available during the US WP1A discussion on this contribution.



For the benefit of the U.S. Delegation, additional information is provided in the attached document. This was also agreed upon by the attending interested U.S. November 2020 delegates to WP1A.  This information can be used by the U.S. Delegation to assist in discussions and to make any additional clarifications deemed necessary by the next meeting.
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Background

In preparation for consideration of the topic at the World Radiocommunication Conference (WRC-19), Study Group 1 completed, and the ITU published, Report ITU-R SM.2451, Assessment of impact of wireless transmission for electric vehicle charging on radiocommunication services, in June 2019.  The United States proposed updates to Report ITU-R SM.2451 for the May/June 2020 meeting, which meeting was subsequently postponed.  In November 2020 WP1A created a Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451 based on various contributions, including the United States’ contribution, which also included a new Annex 12. Due to the time-constraints of the virtual meeting, it was not possible to complete this effort.  This contribution is a continuation of the previous efforts and provides additional information.



Discussion

The United States has undertaken a continued review of the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451.  Upon further scrutiny of the main body text under discussion in the document, the United States recommends that the referenced conclusions from the various studies contained in Annexes, contain three summarized components consisting of the following: 1) a short background of the study, 2) a brief recognition of the limitations of the study, and 3) a short summary of the results of the study.  It is important that the main body text be an unbiased summary of the studies performed without unnecessary redundancy.

As an example, the study in Annex 10 is referenced in section 4.5 for impact considerations on amateur radio.  In this case the main body text suggests that protection levels (from WPT-EV) be derived based on ITU-R Recommendations F.240 and ITU-R M.1044 and generally concludes that levels between -45 dBµA/m and -61.5 dBµA/m are appropriate.  Unfortunately, these suggested levels are only based on a combination of theoretical calculations and use of data from measurements with uncalibrated equipment using a similar metrology for measuring white-gaussian noise (WGN) as described in ITU-R P.372 for man-made noise (MMN).  These WGN and MMN measurement methods, as prescribed in ITU-R SM.1753 are insufficient for EMC testing.  Furthermore, the levels suggested are far below levels which can be measured in an EMC chamber or any accredited OATS due to the fact they are lower than the system noise of the measurement equipment when using standardized EMC metrology.  Finally, the referenced protection criterion in F.240 and related referenced documents does not include consideration for ITU-R signal types of “N0N”, for which the harmonics from a WPT-EV system would be considered.  Accordingly, appropriate information as to the context of these suggested levels must be given along with the metrology used for such a measurement.

Another example of imbalanced conclusions without appropriate context is given section 4.4 and is repeated in section 5.2.1, where large portions of the text are copied from Annex 8 and its attachments.  In this study, ITU-R Recommendations BS.560 and BS.703 are referenced in addition to a BBC Whitepaper WHP 332[footnoteRef:1].  In this case, EBU has previously proposed and continues to propose setting limits on WPT-EV in the LF and MF bands based primarily upon theoretical analytical calculations using protection ratios that also do not apply to ITU-R “N0N” type single-carrier noise or interferers.  The worst-case of these protection ratios (56 dB, derived from 40 dB + 16 dB for worst-case baseline and offset values) is used in combination with the BBC whitepaper.  However, the following issues must be considered when applying such methods to find reasonable limits: [1:  http://downloads.bbc.co.uk/rd/pubs/whp/whp-pdf-files/WHP332.pdf] 


1. ITU-R Recommendation BS.560 is based on the interference between two AM broadcast stations for conditions of excellent reception quality of radio broadcasts.  AM Radio Broadcasts are modulated and therefore have side-lobes and can be indicated as an ITU-R signal type of “A3E” or “A8E” which are very different from single-carrier harmonics or emissions caused by WPT or other general switch-mode electronics which are of an ITU-R signal type “N0N” (https://en.wikipedia.org/wiki/Types_of_radio_emissions).  Accordingly, the protection ratios in BS.560 do not directly apply.  However, in a white-paper, WHP 332, BBC has attempted to make such a correlation.

2. The “40 dB” value used from ITU-R BS.560 is used without correct context and in an incorrect way.  There is significant discrepancy on this value even within ITU-R BS.560.  For example, BS.560 states immediately after indicating a recommended 40 dB protection ratio that “The protection ratio values specified above will permit a service of excellent reception quality.  For planning purposes, however, lower values may be required.  In this respect, proposals have been made by some countries and organizations (See Annex 3).”  Then an immediate Note 2 follows, “NOTE 2- A co-channel protection ratio of 26 dB was used by the Regional Administrative MF Broadcasting Conference (Region 2) for both ground-wave and sky-wave services.”  Note 3 follows and says, “NOTE 3 – Co-channel protection ratios of 30 and 27 dB were used by the Regional Administrative LF/MF Broadcasting Conference (Regions 1 and 3) (Geneva, 1975), for ground-wave and sky-wave services, respectively.”  This is further clarified in Annex 3, Section 6.1 under “RF protection ratios for sky-wave services” “Bands 5 (LF) and 6 (MF)” where it states, “As a result of the studies carried out by the EBU, in bands 5 (LF) and 6 (MF), a co-channel RF protection-ratio value of 27 dB has been proposed and in fact adopted, by the Region Administrative LF/MF Broadcasting Conference (Regions 1 and 3) (Geneva, 1975)”.

· In short, the appropriate values may vary from 26 dB to 40 dB and these represent “excellent reception quality” for AM radio although “lower values may be required” for planning purposes.  It appears that a more acceptable value is “27 dB” as having been adopted by the “Regional Administrative LF/MF Broadcasting Conference”.

3. The additional “16 dB” that is applied is based on one specific offset condition between two broadcast stations.  In reality, the protection ratio varies based on the offset according to Figure 1 in BS.560 and results mostly in protection ratios that are lower than the baseline except for some very specific co-channel offset conditions.  Furthermore, there are four RF protection ratio offset curves yet only the worst-case curve “A” is referenced to obtain the 16 dB value.

4. According to ITU-R Recommendation BS.703 and Note 1 in BS.560, 60 dBµV/m (LF) and 66 dBµV/m (MF) are used in the EU as minimum levels for planning of receiver sensitivity.  BS.703, however, states, “These values are based upon an AF signal-to-unweighted noise (r.m.s.) ratio of 26 dB and are related to a modulation of 30%.”  These minimum carrier signal levels translate to 8.5 dBµA/m (LF band) and 14.5 dBµA/m (MF band) (in the far-field only). It is important to recognize that under the weakest signal conditions for a broadcast signal, the audio-frequency signal-to-noise ratio (AF SNR) is much less than it would be for typical broadcast signal conditions.  To further support the importance of this fact and corresponding quality of the broadcast, Section 6 in BS.703 indicates that, “the AF signal-to-noise ratio will improve linearly to at least 40 dB, with increasing input signal level.”  As a result, the broadcast quality for the worst-case sensitivity conditions described in BS.703 would be poorer than the conditions considered in BS.560, wherein the background ambient noise was not a primary factor used for determining the protection ratios.

5. WPT-EV systems (and generally WPT systems utilizing magnetic field energy transfer), as a potential interferer, utilize a predominant localized evanescent (near-field reactive) magnetic field.  Impact assessments show that primary concerns for broadcast receivers that could be near these types of systems occur within a 10 m distance.  For the LF and MF bands, the shortest wavelength of interest is ~100 m.  In this case any magnetic H-Fields from the WPT-EV system would exist within the near-field of broadcast receivers.  In the near-field, the assumption of far-field characteristic free-space impedance (i.e., ~377 Ω) is no longer valid, but rather the free-space conversion impedance will decrease.  To further this issue, localized evanescent fields do not behave in the same way as near-field fields created by far-field antennas.  The figure below gives an example of characteristic free-space impedance as a function of the ratio between distance and wavelength for a specific source structure.
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“The wave impedance measures the relative strength of electric and magnetic fields.  It is a function of source structure.”[footnoteRef:2] [2:  https://www.rfcafe.com/references/electrical/near-far-field.htm ] 




Given these issues, it can be summarized that the use of ITU-R Recommendations BS.560 and BS.703 for analysis of appropriate limits for WPT is not strictly appropriate and furthermore is used out of context.  Specifically, it is incorrect to combine these two recommendations and only consider a 40 dB baseline protection ratio combined with the minimum recommended sensitivity of to 8.5 dBuA/m (LF) and 14.5 dBuA/m (MF) (converted from the electric field sensitivity values using far-field assumptions).  This is especially true considering that, in the weakest field conditions, an audio-frequency signal-to-noise ratio (AF SNR) of only 26 dB (as opposed to 40 dB in typical conditions) is expected, and hence the presence of background noise is likely to impact radio quality assessment of protection needed.  The fundamental difference in AF SNR and associated signal conditions might have been one reason why BS.560 indicates a wide variation in baseline protection ratios from 26 dB to 40 dB.

Furthering this rationale, sections 4.4 and 5.2.1 (based on Annex 8) of ITU-R SM.2451 utilize unstated assumptions and suggest extremely restrictive magnetic field limits for WPT-EV systems. These calculations are based solely on the very worst-case conditions of interference and unique parameters of a victim receiver and the broadcast station; as a result, the magnetic field limits suggested are far below what can be reasonably measured using well-known and well-accepted standardized EMC methods, which are used globally for assessment of EMC regulation.  To correctly consider ITU-R BS.560 and BS.703 with the appropriate considerations and parameters mentioned in the document, the following equations are more inclusive in considering the wide range of limits that could apply for an excellent AM radio reception quality condition in the LF and MF bands.

EQ1: 

where: 

 is the range of limits imposed on a potential magnetic field interferer (in dBµA/m),

 is the minimum sensitivity field level planned for a broadcast receiver (in dBµV/m),

 is the range of protection ratios that might apply depending on various parameters (in dB), and

 is the conversion factor in decibels for the E-Field strength (dBµV/m) to H-Field limit (dBµA/m).  This factor is dependent on the distance between the interferer and the receiver, the wavelength of the desired received signal, and the mode of reception by the receiving antenna (i.e., E-Field versus H-Field reception capability and antenna polarization).  In the very worst-case (i.e., far-field assumption of interferer signal or no H-Field suppression AND worst-case polarization of interferer alignment with receiving antenna) the highest expected value would be 51.5 dB, which corresponds with a perfect reception of the interfering signal utilizing the far-field free-space assumption of 377 Ω (i.e., 51.5 dB = 20 log10 377 Ω).  However, it is conceivable that this value could be as low as -∞ dB in the case where the polarization of the interferer does not match the polarization of the receiver.

Considering  (i.e., range of protection ratios), it is important to understand the potential protection ratio parameters of the AM Broadcast System (transmission and reception).  Namely, , based on the information given in ITU-R Recommendations BS.560 and BS.703 can be written in the following way:

EQ2: 

where: 

 is the baseline protection ratio in BS.560 in the LF and MF bands which range from 26 dB to 40 dB with 27 dB having been “proposed and in fact adopted, by the Regional Administrative LF/MF Broadcasting Conference”.  In other words, the baseline protection ratio applied depends on various circumstances and/or parameters.

 is the relative protection ratio offset from the baseline protection ratio.  The actual offset is both a function of the broadcast transmission and type (e.g., audio compression in transmission typical of that applied in a studio, bandwidth of the modulating signal, modulation index, etc.), the receiver (e.g., selectivity, bandwidth, noise rejection etc.), and offset frequency from the carrier.  In other words, the relative protection ratio offset is a function of the carrier-frequency separation and a complex set of transmission and reception parameters.  This value ranges from -55 dB to +16 dB depending on the specific frequency offset and other parameters (with +16 dB being the peak for only one single condition).

 is the sensitivity factor when considering the original signal strength and quality at the receiver.  In particular, BS.703 provides minimum suggested usable E-field strength for an average receiver.  BS.703 indicates that an audio-frequency signal-to-noise ratio for such values corresponds to 26 dB; however, the text also states that “the AF signal-to-noise ratio will improve linearly to at least 40 dB, with increasing input signal level.”  It is unclear exactly how these SNR differences would impact a qualitative assessment; however, it is reasonable to consider that the qualitative expectations of a listener with a weak signal reception are not the same as the qualitative expectations for a strong signal reception.  Accordingly, the protection ratio may need to be adjusted to consider equivalent qualitative interference conditions.

 is a noise type relaxation factor which must be considered given that an interferer, for the conditions being discussed, is not likely to be equivalent to a broadcast station.  This is especially true when the interferer is a plain-carrier interferer (i.e., SCN).  BBC WHP 332[footnoteRef:3] provides a single study based on fixed and controlled parameters in a laboratory condition.  The abstract and conclusion suggest a relaxation value of 22 dB for small offsets, but a review of the data indicates values between 22 dB and 30 dB (corresponding to overall protection ratios between 18 dB and 10 dB respectively) could be appropriate.  The whitepaper also claims that there should be no relaxation for larger offsets, but very little data is available to confirm such a conclusion or to verify the suggested primary mode of audible interference in these cases. [3:  http://downloads.bbc.co.uk/rd/pubs/whp/whp-pdf-files/WHP332.pdf ] 


Putting all of this information together, the range of possible H-Field limits can be deduced – although these values depend heavily on a wide range of conditions as well as the method being used to apply the associated limit (e.g., standard EMC metrology such as that in SM.329 and CISPR standards only considers worst-case setup whereas other metrologies such as those in ITU-R SM.1753 use statistical considerations).

The following values are used to obtain a range corresponding to available information:

 = 60 dBµV/m (for MF Band) to 66 dBµV/m (for LF Band)

 = -59 dB to +56 dB (based on the range of condition indicated from the corresponding calculation)

 = 51.5 dB (for far-field free-space impedance and corresponding polarization) to 29 dB (for one possible near-field condition)

 = 26 dB to 40 dB (from BS.560-4)

 = -55 dB to +16 dB (from BS.560-4)

 = 0 dB (corresponding to SNR differences but set to 0 since correlation is unclear and not included in assessment of BS.560)

 = 0 dB to 30 dB (depending on interferer type and frequency offset as well as baseline PR)

This range results in a worst-case H-Field limit of -47.5 dBµA/m (60-56-51.5=-47.5 from eq1.), corresponding to the value suggested by EBU in SM.2451 for the MF band.  Applying more reasonable conditions would result in a value of -1.5 dBµA/m (60-10-51.5=-1.5 from eq1.) for the MF band and +4.5 dBµA/m (66-10-51.5=+4.5 from eq1.) for the LF band, which corresponds to a plain-carrier interferer within some reasonably small offset. Finally, a maximum considered limit of +96 dBµA/m (66+59-29 from eq1.) for the LF band would be unreasonably higher than typical EMC limits but is indicated solely to show that parameters and conditions must be considered.

In all of the examples and studies referenced above, the United States recognizes the importance of including relevant studies; however, appropriate context of the study along with the conclusion must be brought forth in the main body text in a succinct and clear way.

In addition to these clarification for the main body of the text, there has been some discussion about the background or ambient noise conditions for the study in Annex 12, “Impact Studies on HF Amateur Radio in United States for WPT-EV”.  Much of this discussion stems from a misunderstanding of the types of noise experienced by radio, as referenced in ITU-R Recommendation SM.1753, and the differences with how each type of noise is measured.  In particular, the impact study in Annex 12 references typical EMC measurement metrology and methods as specified by CISPR and ITU-R Recommendation SM.329.  These standardized EMC methods are used to ascertain levels for potential interference noise, usually time-varying single carrier noise (SCN) being dominate from general electronic systems, such as WPT-EV.  Due to the time-varying nature of the SCN combined with the fact that such SCN from an electronic system may have a non-uniform radiation pattern, peak measurements are made to find the worst-case conditions (e.g., worst case rotation, setup, etc.) for potential interference.  Once the worst-case conditions are ascertained, the worst-case peak, quasi-peak, and average values of the SCN can be obtained. 

On an Open Area Test Site (OATS) there may also be some noise present in the environment consisting primarily of both white-gaussian noise (WGN) and SCN.  In order to distinguish noise from the environment as opposed to noise from the potential interfering electronic system or equipment under test (EUT), the EMC test engineer reviews the spectral plots and measurements with the EUT turned off and on to observe the differences.  In static plots, the time-varying nature of the SCN is not captured and therefore a peak-hold plot is provided to help general observers understand what noise might be emanating from the equipment under test (EUT) versus what is present in the ambient environment.  With this in mind, measurements taken using this standardized EMC metrology will inevitably appear to be higher than other types of radio noise measurements wherein only WGN is measured primarily for radio planning purposes (using methods described in SM.1753).  

More particularly, there has been suggestion that the background ambient noise plots in Annex 12 might be abnormally higher than typical residential environments due to the fact that the apparent noise levels in the plot are higher than the man-made noise (MMN) levels indicated in ITU-R Recommendation P.372.  Fundamentally this comparison is flawed because levels in ITU-R P.372 are based on statistical median measurements of white-gaussian noise (WGN) only.  All single-carrier noise (SCN) and impact noise (IN) is removed from the MMN levels as indicated in ITU-R Recommendation SM.1753, which is the basis for the P.372 MMN levels.  Furthermore, these P.372 measurements are taken over several seasons and across 24-hour periods to obtain the statistical results.  For comparison of understanding, it is important to note that ITU-R P.372 MMN has the following distinct characteristics in the spurious bands of interest below 30 MHz:

· ITU-R P.372 represents ONLY WGN (not SCN) and ITU-R SM.1753 clearly indicates that both SCN and WGN are important.  ITU-R SM.1753 also clearly states that “it is virtually impossible to find a location that is not at least temporarily dominated by noise or emissions from a single source…” and that “it may be unrealistic to exclude these components from radio noise measurements.”  ITU-R SM.1753 also indicates that “ITU-R P.372 … specifically excludes emissions from single, identifiable sources.”  ITU-R SM.1753 reiterates how important both the SCN and WGN are to radio by noting that, “radiocommunications have to cope with all unwanted signals, whether it is noise or interference, to function properly.  For practical reasons it may therefore be desirable to measure the sum of both.”  Particularly in the HF band, it also notes that, “In the HF frequency band, it is virtually impossible to find a frequency that is free of wanted emissions for the whole 24 h measurement period.”

· The ITU-R P.372 values that are being referenced are based ONLY on man-made noise (MMN) which specifically removes any natural environmental effects.  More particularly, ITU-R SM.1753 states that “Even on one frequency the radio noise level, especially when dominated by MMN, varies depending on time and location.  In frequency bands below 30 MHz, noise levels mainly change over time due to propagation conditions.”

· The ITU-R P.372 WGN MMN values below 30 MHz are based on median values of measurements which occurred in at least 10 locations over 24-hour periods and across multiple seasons.  Specifically, in ITU-R SM.1753, it states that in addition to a standard measurement period of 24 hours, it is important “To take into account variation due to seasons, HF measurements may be repeated a number of times each year.”  This is noteworthy considering that HF propagation conditions change frequently.

· The ITU-R P.372 WGN MMN values are based on RMS measurements – not peak or quasi-peak.  The ITU-R P.372 values do not represent the only source of noise and clearly do not represent the dominant source of noise, which is SCN as also indicated in ITU-R SM.1753.

The impact study in Annex 12 contributed previously contained some comparisons as seen by the amateur radio receiver; however, some additional measurements were taken by TDK RF Solutions of the ambient environment using similar metrology to that used to measure MMN in P.372.  This is shown below for reference.
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The primary differences in the measurement done by TDK for this plot included the following: 1) these measurements were taken using a standard CISPR loop antenna rather than a monopole antenna, 2) these measurements were taken over a short period of time only (during the day only when the levels are expected to be highest), 3) these measurements were taken in only one season (close to time period of original data in Annex 12), 4) these measurements were taken only at the single site and do not include other locations.  In any case, these additional measurements taken at the accredited OATS are for reference only and indicate that the background noise is typical of a residential/commercial environment.

This conclusion that the ambient environment noise is typical of residential/commercial environments is further supported by independent data and tests shared with the European CEPT SE 24 group[footnoteRef:4].  In a separate study performed entirely independently by Swiss amateur radio experts (USKA) and Brusa[footnoteRef:5] using a different WPT-EV system operating in a residential Switzerland neighborhood, ambient environment measurements were also taken and compared with those taken in Texas, U.S.A. (referenced in the Annex 12 study).  The measurements in Switzerland were also taken by BAKOM using the standardized CISPR EMC settings, as is typical globally for such measurements.  In the USKA/Brusa study[footnoteRef:6], the independent assessors reference the data from the contributed U.S. study in Annex 12 and provide the following plot for reference. [4:  https://www.cept.org/ecc/groups/ecc/wg-se/se-24/client/introduction/]  [5:  https://www.cept.org/ecc/groups/ecc/wg-se/se-24/client/meeting-documents/file-history/?fid=62748]  [6: https://www.cept.org/Documents/se-24/62748/wi6026-01_rev1_interference_between_ev_inductive_charging-and-radio-amateur-service] 
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Finally, since the time that the Annex 12 contribution was provided by the U.S.A., additional characterization of the amateur radio monopole antenna used in the study (HD-FMJ antenna by Alpha Antennas) has been performed as well as characterization of the receiver (Airspy HF+ Discovery software defined amateur radio receiver).  Characterization of the antenna and the receiver together allow direct conversion of the data seen by the receiver to an equivalent E-Field.  This E-Field conversion gives appropriate context to the qualitative data and reinforces the fact that the conversion between E-Field and H-Field is not appropriate within the 10 m distance of measurement.  The figure below provides the E-Field equivalent for the single worst-case measurement condition taken for qualitative analysis (noting that many other cases did not show interference at all and thus were excluded from the report).
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One can formally conclude from the referenced information that the impact study provided by the U.S.A in Annex 12 is valid, and the environment in which the measurements were taken is both typical and appropriate for performing the impact study.  For clarification of these facts, the United States provides this information for discussion and relevant inclusion in ITU-R Report SM.2451.



Proposal

In the proposed revision, the United States proposes the following succinct summary of changes to the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451:

· Editorial corrections

· Reference to ITU-R SM.329 in related ITU-R Recommendations, Reports

· Clarifications and succinct summaries of referenced Annexes in the main body text

· Additional information related to the environmental background noise in Annex 12

The Unites States also proposes to elevate the status of the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451 based on this contribution for subsequent adoption as an update to ITU-R SM.2451.

Attachment: Proposed revisions to the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451

NOTE: For clarity, all changes shown in the contribution are based on a clean draft of the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451 as provided in Annex 11 of the Chairman’s report for the November 2020 ITU-R WP1A meeting.


Attachment

Proposed revisions to the WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT REVISION OF REPORT ITU-R SM.2451



[U.S Note: All tracked changes in the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451 should be accepted. All proposed changes are shown from the accepted prior changes. No further changes proposed prior to this point.]

Related ITU Recommendations, Reports

Recommendation ITU-R SM.329

Recommendation ITU-R P.372

Recommendation ITU-R SM.1056

Recommendation ITU-R SM.1753

Recommendation ITU-R SM.1896

Recommendation ITU-R SM.2129-0

Report ITU-R SM.2153

Report ITU-R SM.2303.

…

[bookmark: _Toc10633163][bookmark: _Toc14698428][bookmark: _Toc14947724][bookmark: _Toc14955651]3.3	79-90 kHz WPT-EV usage scenario

3.3.1	Brief Explanation of WPT systems being standardized by SDOs

…

During operation, the voltage generated by the Power Converter excites the Compensation Network that operates using resonance with the Primary Device coil. A resultant sinusoidal current in the Primary Device coil then induces a proportional magnetic field. The energy is coupled between the Primary Device and the Secondary Device through the means of this magnetic field. Both coils can be described using a model of a loosely coupled transformer structure. Because the current generated in the Primary Device coil is sinusoidal, the resultant and not modulated during power transfer, the field produced is a Continuous Wave (CW).

…

4.3.5	Impact studies for the amateur service

In the studies presented in Annex 7 field measurements were conducted for the 135.7-137.8 kHz and 472-479 kHz amateur frequency bands. These frequencies allocated to the amateur service on a primary or secondary basis are unlikely to be affected by the emissions at the operating frequency of WPT-EV.

Limited information is available about the harmonic radiated emissions from WPT-EV operating at this frequency other than in Annex 12. In the studyies presented in Annex 12, field measurements were conducted for the 3.50-4.00 MHz, 7.00-7.30 MHz, 10.10-10.15 MHz, and 14.00-14.35 MHz bands.  The study was performed on an accredited Open Area Test Site (OATS) with ambient environment noise typical of a residential and lite commercial area. While general conclusions cannot be drawn about every ambient environment or type of amateur radio equipment, [tThe conclusion of this study indicates that the amateur services in the studied bands are unliketly to be significantly impacted by the harmonic emissions of WPT-EV systems designed in accordance with the noted SDOs.]  Of course, the degree to which these WPT-EV will disturb amateur service communications will depend inter alia on the pre-existing background noise levels at the specific reception sites as well as the characteristics of the specific WPT-EV system. The tests in Annex 12 included many non-interference qualitative tests; however, off-air reception of one worst-case condition resulted in an amateur service signal (strength unknown) in the presence of an operating WPT-EV system with a harmonic located at the same frequency. This study allows conclusions to be drawn only for the referenced conditions and further studies of impact are required. The matter of harmful interference from harmonic radiated emissions is also covered in § 4.5.

…

4.4 	Limits of WPT-EV radiated emission for the protection of AM broadcasting 

[Editor’s note: the following paragraph, includes proposed changes made in input 1A/17 (USA). However, these changes are contested in input 1/59 (EBU) which proposes to retain the text as it is in SM.2451-0. Further discussion is needed.]

Various limits have been proposed for absolute maximum levels for the electric and magnetic field strengths for inductive applications operating over short ranges and at implied, though not specified, low power levels. There are proposals to adapt or extend these same limits to medium/high power inductive power transfer applications such as WPT-EV, which will operate at powers of the order of tens to hundreds of kilowattsW. However, it is possible based on theoretical studies in Annex 8 that adherence to existing field strength limits might not  offer adequate protection to avoid interference of any type to radio services in some circumstances.  It should be noted, however, that impact studies such as those in Annex 12 show that the type and effective aperture of the receiving antenna along with its distance can make a difference in the results.[Editor's note: The USA proposes either removing the information below or creating a succint summary of the information since it is largely duplicated from an Annex.

See further below for a proposed replacement text by EBU]



[Editor’s note: The following text is proposed by EBU as succinct summary of the initial information (Stricked through above) to avoid duplication with the related Annex

The modifications to the text below are proposed by the USA. No agreement is reached on the final text.Inputs supporting the proposed modification are required]

It is assumed that interference into an AM broadcast receiver will be a single sinusoid, harmonic of the WPT fundamental frequency that falls within an (approximately[footnoteRef:7]) 10 kHz wide AM Broadcast channel and hence into the acceptance bandwidth of the receiver. Further studies may be required to understand how such a single sinusoid may be different from an interfering broadcast station for which ITU-R Rec. BS.560 provides protection criteria between AM radio stations. Annex 8 uses provisions of ITU-R Rec. BS.703, [Characteristics of AM sound broadcasting reference receivers for planning purposes]; however, it must be recognized that the planning signal strengths only have a stated signal-to-noise ratio of 26 dB as opposed to 40 dB for typical conditions. In Annex 8, using only thea very worst-case 56 dB protection ratio (40 dB baseline + 16 dB worst-case offset) as specified for interference between AM radio stations, would give rise to a tolerable level of interference at the receiver operating in the MF broadcast band of: [7:  9 kHz In Regions 1 & 3 and 10 kHz in Region 2] 


•	–47.5 dBμA/m. – at the location of the receiver

A more thorough derivation of this along with an equivalent figure for the LF Broadcast band is given in Annex 8. This figure is ‘worst case’ and dependent on the precise frequency of the interfering harmonic; there being a 20 dB variation across the circa 5 kHz audio bandwidth of a typical receiver. Subsequent work carried out by the BBC and reported in Attachment 6 to Annex 8 shows that this figure can be relaxed (using the same noted assumptions indicated above) to:

•	–43.0 dBμA/m. – at the location of the receiver

The tolerable interference level is valid at the location of the receiver itself. In any generic formulation of limits for a ‘device’ the interference level must be specified at a standardised distance from the device itself. In many existing standards (e.g. in CISPR) the standard measurement distance is always specified as being 10 m from the device. It is possible that a victim receiver might not be found at the standardised measurement distance and so a correction may need to be applied. 

More detail on the reasons for this and the necessary constraints are given in Section 5.4.1 and considerable detail on the derivation of all the figures in this section are given in Annex 8.

[bookmark: _Toc10633170][bookmark: _Toc14698435][bookmark: _Toc14947731][bookmark: _Toc14955658]4.5	Impact of spurious and harmonic radiated emissions on the amateur service and relevant protection requirements

The three frequency ranges being considered for WPT-EV do not overlap with, and have reasonable separation from, the 135.7-137.8 kHz and 472 kHz amateur frequency bands. Therefore, receiver sensitivity suppression (out-of-band) has not been considered a problem.

Amateur frequency bands from 472 kHz upwards are potentially affected by harmonic radiation from WPT-EV operating at 79-90 kHz and possibly from WPT-EV operating at 20 kHz and 60 kHz.

Report ITU-R SM.2303 states that interference to amateur services was not studied. Subsequent papers submitted to ITU-R have suggested that the harmonic radiated emissions limits, as defined by ITU-R and/or CISPR could, by themselves, fall short of providing adequate protection from harmful interference to amateur services from WPT-EV in this frequency range. Additional studies are provided in Annex 12 on this topic. Protection levels for the amateur service, which are set out in Recommendations ITU-R F.240 and ITU-R M.1044 and used in the studies in Annex 10, can be used to guide the development of appropriate protection criteria though these recommendations do not apply to single-carrier interference specifically.

Annex 12 also contains an impact study of WPT-EV harmonic emissions emanating from a system following SDO requirements in the 79-90 kHz band. Impact is dependent on distance, antenna type, and other factors such as background ambient noise. Issues of wideband noise from WPT-EV systems has not been studied, but the developed protection requirements could be applicable to such radiation, which may also be common to typical power electronics such as switch-mode power supplies, and are not harmonically related to WPT-EV specifically. The likely separation distance from systems operating at 20 and 60 kHz is likely to provide reasonable protection from harmonic radiated emissions from the WPT-EV systems, although this remains to be validated. 

The high duty cycle of 79-90 kHz WPT-EV systems, their planned location close to or inside dwellings (and therefore close to amateur service antennas), and their anticipated deployment density show that harmonic radiated emissions from WPT-EV systems in this frequency range need to be controlled if harmful interference is to be avoided. 

Specifically, the adoption of radiated emission limits from inductive device limits for other applications and devices by themselves is one option but might not provide the level of protection required. See Annex 12 for further details.

The study in Annex 10 models the protection necessary for the amateur service for WPT-EV based on protection ratios from ITU-R F.240, which do not include single-carrier interference similar to what would be expected by a harmonic interferer from a WPT-EV system. The radiated emission limit suggested by this study to provide appropriate protection is:

−45.5 dBµA/m at 300 kHz reducing by 8 dB per frequency decade to −61.5 dBµA/m at 30 MHz.

Measurements conducted at 10m distance in a 10 kHz bandwidth.

However, according to Annex 10, the necessary limits for harmonic radiated emissions from WPT-EV systems can be relaxed from this level by about 20 dB if:

a)	all WPT-EV systems adopt a harmonized, tightly tolerance frequency of operation; and

b)	the phase noise and noise sidebands from WPT-EV are no higher than the above limit.

[bookmark: _Hlk37159365]Some harmonic radiated emission data has been provided for WPT-EV systems operating at 79‑90 kHz. Annex 12 represents some of this data collected with a WPT-EV system that follows previously noted SDO requirements highlighted in § 3.3.1. The single-carrier harmonic emissions from the WPT-EV system shown are higher than levels suggested in Annex 10 and do not show harmful interference for the stated conditions.

…

[bookmark: _Toc10633173][bookmark: _Toc14698438][bookmark: _Toc14947734][bookmark: _Toc14955661]5.2	Mitigation measures

5.2.1	Mitigation Strategies to reduce the impact on the broadcasting service

The operation of AM broadcast transmitters is covered by the Radio Regulations. In Regions 1 and 3 the relevant instrument is the Geneva 1975 Frequency Plan (GE75) and in Region 2 the Rio de Janeiro 1981 Frequency Plan (RJ81). These international agreements allocate operating frequencies to LF and MF transmitters such that they do not cause interference to each other based on factors such as geographical separation, transmitter power and antenna characteristics. The underlying basis for the plans is Recommendations ITU‑R BS.703 and ITU‑R BS.560. Importantly, the regional assignment plans set the transmitter operating frequencies on a grid or raster; under the GE75 Plan each (carrier) frequency is a multiple of 9 kHz and under the RJ81 Plan a multiple of 10 kHz.

A significant benefit of having all the carriers on a common raster is that co-channel interference is up to 16 dB less intrusive than if the frequencies were chosen randomly. This can be seen in Fig. 1 of Recommendation ITU-R BS.560.

The sameA similar principle can be applied to a WPT-EV system if its operating frequency can be chosen and fixed to be a multiple of 9 kHz or 10 kHz. If the operating frequency is chosen in this way any harmonics will also (automatically) lie on the broadcast frequency raster. Studies to investigate the subjective effects of interference from an un-modulated carrier situated on or off the raster were carried out by the BBC in November 2017 and are described in BBC Research and Development White Paper WHP 332, November 2017 – Wireless Power Transfer: Plain Carrier Interference to AM Reception, which is reproduced as Attachment 6 to Annex 8. 

[Editor’s note: USA Proposes either removing the information below or providing succinct summary since it is redundant from the referenced Annex.

See further below for a proposed replacement text by EBU]



[Editor’s note: The following text is proposed by EBU as succinct summary of the initial information (Stricked through above) to avoid duplication with the related Annex

The modifications to the text below are proposed by the USA. No agreement is reached on the final text. ]

The technique and its potential application are described in detail in Annex 8 and could form the basis of a mitigation strategy. For ‘on raster’ operation, the tolerable level of interference can, as stated in se Section 4.4 above, be relaxed.



[USA Note: The additional information proposed by EBU regarding details of the study and its suggested limits in Annex 8 are both redundant and irrelevant to the topic of “mitigation strategies” and are therefore left out in this section.  Section 4.4 contains appropriate references and information.]

…

Annex 12

Impact Studies on HF Amateur Radio in United States for WPT-EV

[USA Note: Several figures were removed in the working document and this document proposes adding some new figures.  Figure numbering and references will need to be editorially updated accordingly.]

…

A12.2	Characteristics of Standardized WPT-EV Systems

For the purposes of this impact study, only WPT-EV systems designed to meet the SAE J2954 and related WPT-EV standards, with specific characteristics outlined in § 3.3.1, were considered.

…

A12.3.2	Characteristics of the OATS

…

While it is generally expected that ambient conditions would be even lower in un-populated areas of the U.S. (e.g., forests, mountains, fields, etc.) where many amateur radio operators enjoy setting up portable stations for low-noise conditions, it is not expected that WPT-EV systems would be generally located nearby (e.g., much greater than 30 m) in such areas.



After testing, additional questions were raised as to the levels of ambient emissions shown in previous figures and whether the test environment is typical to those in which a WPT-EV system would operate (e.g., residential / commercial).  The peak-hold ambient figures shown cannot be compared to the ITU-R P.372 man-made noise (MMN) levels because the measurement methods for MMN white-gaussian noise (WGN) and single-carrier noise (SCN) such as harmonic emissions from WPT-EV are very different.  More particularly, there has been suggestion that the background ambient noise plots in Annex 12 might be abnormally higher than typical residential and commercial environments since the apparent noise levels in the plot are higher than the man-made noise (MMN) levels indicated in ITU-R Recommendation P.372.  Fundamentally this comparison is flawed because levels in ITU-R P.372 are based on statistical median measurements of white-gaussian noise (WGN) only.  All single-carrier noise (SCN) and impact noise (IN) is removed from the MMN levels as indicated in ITU-R Recommendation SM.1753, which is the basis for the P.372 MMN levels.  Furthermore, these P.372 measurements are taken over several seasons and across 24-hour periods to obtain the statistical results.  For comparison of understanding, it is important to note that ITU-R P.372 MMN has the following distinct characteristics in the spurious bands of interest below 30 MHz:

· ITU-R P.372 represents ONLY WGN (not SCN) and ITU-R SM.1753 clearly indicates that both SCN and WGN are important.  ITU-R SM.1753 also clearly states that “it is virtually impossible to find a location that is not at least temporarily dominated by noise or emissions from a single source…” and that “it may be unrealistic to exclude these components from radio noise measurements.”  ITU-R SM.1753 also indicates that “ITU-R P.372 … specifically excludes emissions from single, identifiable sources.”  ITU-R SM.1753 reiterates how important both the SCN and WGN are to radio by noting that, “radiocommunications have to cope with all unwanted signals, whether it is noise or interference, to function properly.  For practical reasons it may therefore be desirable to measure the sum of both.”  Particularly in the HF band, it also notes that, “In the HF frequency band, it is virtually impossible to find a frequency that is free of wanted emissions for the whole 24 h measurement period.”

· The ITU-R P.372 values that are being referenced are based ONLY on man-made noise (MMN) which specifically removes any natural environmental effects.  More particularly, ITU-R SM.1753 states that “Even on one frequency the radio noise level, especially when dominated by MMN, varies depending on time and location.  In frequency bands below 30 MHz, noise levels mainly change over time due to propagation conditions.”

· The ITU-R P.372 WGN MMN values below 30 MHz are based on median values of measurements which occurred in at least 10 locations over 24-hour periods and across multiple seasons.  Specifically, in ITU-R SM.1753, it states that in addition to a standard measurement period of 24 hours, it is important “To take into account variation due to seasons, HF measurements may be repeated a number of times each year.”  This is noteworthy considering that HF propagation conditions change frequently.

· The ITU-R P.372 WGN MMN values are based on RMS measurements – not peak.  The ITU-R P.372 values do not represent the only source of noise and clearly do not represent the dominant source of noise, which is SCN as also indicated in ITU-R SM.1753.

The previous comparisons made were done using peak measurements (using methods described in ITU-R SM.329, annex 2) as seen by the amateur radio receiver; however, some additional measurements were taken by TDK RF Solutions of the ambient environment using similar metrology to that used to measure MMN in ITU-R P.372.  This is shown below for reference.



Figure A12-XX

Additional TDK WGN Ambient Measurements



[image: ]

The primary differences in the measurement done by TDK for this plot and the method described in ITU-R SM.1753 included the following: 1) these measurements were taken using a standard CISPR loop antenna rather than a monopole antenna, 2) these measurements were taken over a short period of time only (during the day only when the levels are expected to be highest), 3) these measurements were taken in only one season (close to the time period of the original study), 4) these measurements were taken only at the single site and do not include other locations.  These additional measurements taken at the accredited OATS are for reference only and are not definitive by themselves.

The conclusion that the ambient environment noise is typical of a residential environment is further supported by independent data and tests shared with the European CEPT SE 24 group [23].  In a separate study performed entirely independently by Swiss amateur radio experts from USKA and Brusa [24], using a different WPT-EV system operating in a residential Switzerland neighborhood, ambient environment measurements were also taken and compared with those taken in Cedar Park Texas, U.S.A.  These measurements taken in Ersigen, Switzerland next to an amateur radio station in a residential neighborhood were also taken by BAKOM using the standardized CISPR EMC settings as is typical globally for such measurements (and as described in Annex 2 of ITU-R SM.329).  In the USKA/Brusa study [25], the independent assessors reference the data from the contributed U.S. study and provide the following comparison plot for review.

Figure A12-XX

Ambient comparison measurements performed in a separate study by USKA & Brusa

[image: ]

…

A12.3.4.1.2		Amateur Radio Monopole Antenna Testing

…

In addition to the various plots collected from the calibrated spectrum analyser, the amateur radio transceiver and receiver were used to assess qualitative audio impact of the WPT-EV system on communications.  In general, at the various distances, no visual or audio impact in the tested amateur radio bands (80 m, 40 m, 30 m, 20 m) was detected above the ambient environment levels present at this site whenever the vehicle was reasonably aligned and rotated on the turn table. However, in one specific worst-case condition where the ground assembly coil and vehicle assembly coil were misaligned to maximum offset, the turn table was set to a specific angle relative to the amateur monopole antenna, and the antenna had an NVIS line attached to increase near-field sensitivity at a distance of 10 m from the WPT-EV system, audio characteristics from the WPT-EV were detectable as a faint “whistle”.  In this same condition, a soft  SSB voice transmission was also recorded directly over top of the interference signal at 3.825 MHz. 

Despite the faintly heard WPT-EV interference, this voice transmission was clearly audible and intelligible.  A before and after image of the recorded transmission using the Airspy HF+ Discovery receiver and SDRSharp radio software are shown below along with an overlay.

The interference signal from the WPT-EV system at 3.825 MHz using the SDRSharp software is shown below.

Figure A12-66

SDR# Software snapshot of WPT-EV interference signal at 3.825 MHz in worst-case condition
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Figure A12-67

SDR# Software zoomed snapshot of WPT-EV interference signal at 3.825 MHz in worst-case condition
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A distant amateur radio voice transmission occurred at the same frequency as the WPT-EV harmonic interference captured and is shown below.

Figure A12-68

SDR# Software zoomed snapshot of distant amateur radio verbal audio broadcast at 3.825 MHz
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An overlay of the interference and the SSB AM transmission together and shown below.

Figure A12-69

SDR# Software zoomed snapshot of distant amateur radio verbal audio broadcast at 3.825 MHz 
with WPT-EV interference signal underlay

[image: ]

Following the qualitative testing, additional characterization of the amateur radio monopole and the software-defined receiver (SDR) were performed to convert the signal strengths from the levels shown in the software to vertically polarized electric-field levels.  The result of this conversion is shown in the figure below.

Figure A12-XX

SDR# Software zoomed snapshot of distant amateur radio verbal audio broadcast at 3.825 MHz 
with WPT-EV interference signal underlay and E-Field levels
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A12.4	Summary of Results

[bookmark: _Hlk35946458]A WPT-EV system as defined by the referenced SDOs operating at ~11 kW input power and ~90% efficiency AC grid input to DC battery output mounted on a Nissan Leaf with a 62 kWh battery was measured on a third-party accredited Open Area Test Site (OATS).  The characteristics of the ambient environment were collected for comparison of emissions with the WPT-EV system transferring power and turned off.  Ambient characteristics measured using a recommended HF amateur radio monopole antenna for the designated operating bands were collected at the OATS and compared directly with the same measurement performed in a rural area separated by ~1300 miles or ~2100 km.  In the 80 m and 40 m bands, the ambient measurements showed similar characteristics, whereas in the 30 m and 20 m bands, the levels in Nibley, Utah were typically up to ~10 dB lower than those in Cedar Park, Texas. Other ambient environment comparisons were also made, including one in Erigen, Switzerland. These additional comparisons indicate that the ambient conditions of the study are similar to other residential environments around the world. The ambient environment comparison, however, can be applied to other locations and amateur installations only if the environment and ambient conditions are similar to what they are in the specific locations measured.

The WPT-EV system was setup to operate continuously at full-power transfer and in worst-case misaligned conditions.  Radiated emission data in the 9 kHz to 30 MHz range was collected by a third-part accredited lab using calibrated equipment used to perform certification measurements required by local administrations. Measurements were performed with a standard calibrated CISPR 60 cm loop antenna at a distance of 10 m. The magnetic loop antenna showed the WPT-EV operating fundamental as well as some other emissions above the ambient conditions present at the OATS.  Detailed quasi-peak and average measurements were also taken with the magnetic loop antenna on discernible WPT-EV odd harmonics seen above ambient conditions in the 80 m to 20 m amateur radio bands.  Radiation patterns were obtained for the fundamental as well as the measured harmonics.

For direct comparison and correlation with the calibrated measurements taken, additional data was collected by licensed amateur radio operators using a monopole antenna with a large effective antenna height. The amateur radio antenna was placed at distances of 10 m, 20 m, and 30 m over real earth from the WPT-EV system that was located on the OATS (and rotated for maximum interference potential). In several unique cases, very narrow-band harmonics were discernible with the amateur radio monopole antenna but their amplitude was no higher than the typical ambient peaks seen without the WPT-EV system operating. 

Qualitative listening tests were also conducted in the presence of WPT emissions. One amateur service signal operating in the far-field (field strength unknown)with an average E-Field strength of ~16 dBµV/m (-35 dBµA/m) was heard at a frequency coinciding with a WPT harmonic and resulted in an intelligible and audible voice transmission yielding non-harmful interference.  In this case, the approximate amateur signal-to-ambient-noise-peak ratio was about 13 dB with the ambient noise peaks occurring at an average of ~-2 dBµV/m (-53.5 dBµA/m).  In the near-field, where the WPT-EV system is located at a 10 m distance, the calibrated H-Field EMC measurements cannot be converted to E-Field using far-field approximations.  Further work is encouraged to examine the full impact of the measured levels of WPT emissions on general communications in the amateur service in multiple environments.
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[bookmark: _Hlk56507055]FAQs for US Contribution for Report SM.2451





This information is provided for additional background on the contribution to help answer questions related to the US contributed impact study.


Background


[bookmark: _Hlk56507158]The U.S. has proposed revision to Report SM.2451 to update the main body and to add an impact study on amateur radio service.  The impact study was carried out by an accredited third-party EMC lab in conjunction with amateur radio operators and a team from SAE J2954 that provided a WPT-EV system.  The impact study was undertaken to show that standardized WPT-EV systems do not produce harmful interference to existing radio services.  Quantitative data was collected in a realistic environment using standardized EMC measurement procedures accepted worldwide. These procedures have been designed to capture worst case emissions by using quasi-peak measurements with standardized antennas, measuring at multiple angles around the equipment under test, and capturing multiple polarizations. EMC emission limits worldwide are based on these measurement techniques. 


It is critical to understand the differences between these standardized EMC measurement techniques designed for single carrier noise and those used to characterize white gaussian noise, as being proposed by the EBU and IARU. Techniques used for the latter, because of the random nature of the noise, use long measurement windows and statistical approaches for characterization. This measurement approach is not practical for EMC measurements and is not considered when EMC limits are defined, and it is not technically valid to compare the results of measurements using such different approaches in order to promote a particular viewpoint on WPT-EV systems.  


Because of the importance of WPT-EV technology to the future of clean transportation, it is important to continue with known practical, realistic, and unbiased EMC limits for WPT-EV and to demonstrate such limits will not cause harmful interference on existing radio services.


Questions/Comments and Answers Relating to the Impact Study


What is the impact study and are its conclusions valid?


The impact study on amateur radio is very extensive and provides important context for real-world impact in the studied amateur radio bands.  The study provides both a detailed quantitative analysis as well as a qualitative analysis.  All conclusions are valid, and the site used is accredited for EMC measurements.  


Is the measurement site noisier than a typical environment?


IARU claims the site is noisy because they are comparing the peak single-carrier noise (SCN) to white-gaussian noise (WGN) as defined in ITU-R Recommendation SM.1753.  By definition, the SCN will always be higher than WGN.  Both are important to the impact of radio and neither can be neglected.  The impact study used standard CISPR EMC settings.  The measurements clearly show actual values for the harmonics in question based on lowering the resolution bandwidth (RBW) to 200 Hz and performing peak, quasi-peak, and average measurements in accordance with CISPR procedures and settings.  The actual measurements are performed at this lower 200 Hz RBW whereas all peak scans (for comparison and determination of SCN) were performed with a 9 kHz RBW from 150 kHz to 30 MHz as is typical of EMC measurements.


In addition to the quantitative values from the impact study, a quantitative comparison (using the same settings) was performed between the site in Texas and a more rural site in Utah using a standard amateur radio antenna.  The SCN and WGN were reasonably comparable (particularly in the 80 m band) thus showing that the qualitative impact assessment is reasonable across multiple similar sites.  It is incorrect for IARU to assess the site as noisy by comparing the quantitative peak ambient data to ITU-R P.372 because ITU-R P.372 has the following distinct characteristics:


· ITU-R P.372 represents ONLY WGN (not SCN) and ITU-R SM.1753 clearly indicates that both SCN and WGN are important.  ITU-R SM.1753 also clearly states that “it is virtually impossible to find a location that is not at least temporarily dominated by noise or emissions from a single source…” and that “it may be unrealistic to exclude these components from radio noise measurements.”  ITU-R SM.1753 also indicates that “ITU-R P.372 … specifically excludes emissions from single, identifiable sources.”  ITU-R SM.1753 further clarifies how important both the SCN and WGN are to radio by noting that, “radiocommunications have to cope with all unwanted signals, whether it is noise or interference, to function properly.  For practical reasons it may therefore be desirable to measure the sum of both.”  Particularly in the HF band, it also notes that, “In the HF frequency band, it is virtually impossible to find a frequency that is free of wanted emissions for the whole 24 h measurement period.”


· The ITU-R P.372 values that are being used by IARU/EBU are based ONLY on man-made noise (MMN) which specifically removes any natural environmental effects.  More particularly, ITU-R SM.1753 states that “Even on one frequency the radio noise level, especially when dominated by MMN, varies depending on time and location.  In frequency bands below 30 MHz, noise levels mainly change over time due to propagation conditions.”


· The ITU-R P.372 WGN MMN values below 30 MHz are based on median values of measurements which occurred in at least 10 locations over 24 hour periods and across multiple seasons. Specifically, in ITU-R SM.1753, it states that in addition to a standard measurement period of 24 hours, it is important “To take into account variation due to seasons HF measurements may be repeated a number of times each year.”  This is particularly important considering that HF propagation conditions change frequently.


· The ITU-R P.372 WGN MMN values are based on RMS measurements – not peak.  The ITU-R P.372 values do not represent the only source of noise and clearly do not represent the dominant source of noise which is SCN as also indicated in ITU-R SM.1753.


Is all of the energy transferred at the fundamental, if so, why are there spurious emissions?


The standardized WPT-EV systems utilize only evanescent (reactive nearfield) fields for energy transfer (common to typical passive components like inductors and transformers found in many electronics) and ~100% of the energy is transferred at the fundamental frequency.  Very little energy is propagated into the far-field.  It is important that the little energy that is propagated into the far field does not create harmful interference to radio services; for this reason the SAE J2954 cooperative research program (CRP) performed this impact study utilizing a world-renowned EMC lab.  It is unrealistic to assume that no additional far-field emissions occur from any switch-mode electronics.  Even radio broadcast systems and more particularly many amateur radio transceivers have harmonics and other spurious emissions during operation.  WPT-EV standards such as SAE J2954, IEC 61980, ISO 19363 and others take EMC and protection of important radio services very seriously.  For this reason, the SAE J2954 CRP was setup to investigate these issues and specific EMC methods and limits have been recommended for use.  Manufacturers of WPT-EV systems are expected to comply with the appropriate EMC limits and perform necessary mitigation measures for EMC compliance in accordance with standardized practices, limits, metrology, and methodology.


Are steps taken to reduce harmonic currents in the ground assembly coil facilitating wireless power transfer?


As can be seen by Figure A12-4 in the impact study, standardized WPT-EV systems often have filters with 5th order or higher characteristics.  Some amateur radio transceivers do not even employ this level of filtering.  The filters are typically resonant filters that do not rely only on resonance with the WPT-EV ground assembly coil, but also contain other passive components such as inductors which provide additional low pass filtering.


With respect to the note in the impact study regarding a “trapezoidal waveform”, it is important to recognize that such a trapezoidal voltage (i.e. potential) waveform only exists within the system and the actual current (and voltage) waveforms seen at the point of evanescent emission (i.e., the GA coil) is sinusoidal as indicated in the impact study.  The current in the ground assembly coil is the dominant source of the fundamental evanescent magnetic field emission.


What is the tolerance on the 85 kHz and to what degree does the frequency vary before it is locked for charging?


SAE J2954 and IEC 61980 standardized systems are expected to operate and be designed nominally for operation at 85 kHz.  Both standards require tolerance of the fixed frequency operation to occur within ± 50 Hz; however, this tolerance is not for allowing variation or sweeping of the fundamental but rather to account for standard manufacturing and temperature tolerances of a given system.  In the standards, WPT-EV systems are allowed to operate at a fixed frequency between 79 and 90 kHz as long as the frequency is fixed prior to power transfer.  However, to date, all standardized reference systems in these standards operate at a fixed frequency of 85 kHz.  Other standards such as the Chinese GB-T standard requires fixed frequency operation at 85.5 kHz.


Misalignment may affect the emission profile, what is meant by “minimum alignment tolerance” in the impact study?


All standardized WPT-EV systems must work within these alignment tolerance requirements and meet specified performance criteria.  All EMC limits and EMF limits account for these worst-case alignment tolerances, and testing is done in the very worst-case condition.  Outside of this alignment tolerance, WPT-EV systems are not allowed to operate, unless they are shown to meet all the same EMC and EMF limits.  In all EMC testing related to WPT-EV systems, the WPT-EV system is put in the worst-case (e.g., worst misalignment) conditions to find the highest emissions and ensure that these emissions are below the limits.  It is not typical for a WPT-EV system to be in this worst-case condition in the real-world, however.  For this reason, all WPT-EV EMC tests should overestimate the actual impact on victim receivers.  The impact study presented also utilizes this case of overestimation and therefore represents the worst-case impact of the WPT-EV system to the amateur radio receiver in the study under the specified conditions.  Furthermore, in the impact study (and in standard EMC tests), the WPT-EV system is rotated to find the peak of each prominent emission as well as worst-case victim antenna polarization.  It is even more unlikely that an amateur radio receiver would see all these worst-case conditions simultaneously, thus reinforcing the assertion that the impact study really does represent the worst-case impact for the studied system.


The impact study utilizes an OATS and the WPT-EV system is raised above the metal ground plane (not touching).  How does this relate to “real-world” conditions?  What measures were taken to ensure emissions from the power electronics and cabling were also kept to a minimum?


It is well-known that EMC test sites (including the Open Area Test Site – OATS) utilize a metal ground plane to obtain repeatable and reliable results across many accredited sites.  The EMC standards and test methods are designed to ensure that the ground plane cannot be used to reduce / shield the emissions in question and therefore the equipment under test (EUT) are isolated from the ground plane.  By isolating the ground plane from the EUT (in this case the WPT-EV system), emissions can be enhanced due to ground reflections thus creating worst-case emissions scenarios with the EUT.


In the impact study, it was stated that the WPT-EV system was “raised 15 cm from the OATS metal floor as recommended by several standards bodies (to better emulate real-world conditions and avoid parasitic metal ground plane interaction).”  In this case, insulating the WPT-EV system from the ground plane at that height was done for two specific reasons:  1) To ensure the OATS metal ground plane does not shield any emissions from any cable or part of the WPT-EV system, and 2) to ensure that the metal parts of the WPT-EV system which are grounded through the AC Mains outlet do not interact directly with the OATS metal ground plane by causing low impedance ground-loops which would otherwise not exist.  It is typical for a WPT-EV system (or any other power electronic system) which contains metal to ground any exposed metal through the AC Mains outlet (as required by safety codes and which can be used in design to reduce EMC emissions when used as an enclosure or as shielding in cabling).  In short, the setup conditions of the WPT-EV system are used to maximize potential radiated emissions for EMC testing while mimicking a real-world setup to the extent possible over a repeatable metal ground plane (since real-earth varies across many locations and labs).


The WPT-EV system in the impact study had some standard EMC mitigation; however, as noted in the study, the level of mitigation was not sufficient to pass standard EMC limits in some frequency ranges.  Since the time of the study, the WPT-EV supplier has performed additional mitigation to reduce unwanted emissions in these frequency ranges, which were deemed to be caused primarily by common-mode currents on a shielded cable emanating from some low-power components in the WPT-EV system.  Some typical mitigation techniques include various forms of common-mode chokes including applying ferrite rings to cables where appropriate.  Almost all switch-mode power electronics have some form of common-mode mitigation to meet standardized EMC limits.





Given the pre-production nature of the WPT-EV system studied and noting that it would not have been able to go into production without additional mitigation, it should be recognized that the impact study does indeed represent a worst-case impact of the WPT-EV system on the amateur radio bands studied.


Was any attempt made to correlate the calculated coil currents in Figure A12-4 with actual measured radiation?


The simulations and measurements shown (Figures A12-4, A12-5, A12-6) are based on the harmonic content of the WPT-EV ground assembly coil current.  As noted, the fields in the ground assembly coil are expected to be evanescent and the coils are not large enough to be effective far-field radiators.  This study did not focus on correlating such emissions with the coil current and the simulations are provided as an informative introduction to WPT-EV systems.  SAE J2954 CRP has performed other studies which can be obtained on the SAE website.  However, some correlation does exist between the fields emanating from a particular WPT-EV coil and the frequency content of the current in that coil.  This relationship / correlation is not straightforward since many factors such as specific coil geometry, materials used, etc. affect the propagation of any of these harmonics into the far-field.


The coil current measurements and harmonic simulations are not actually entirely relevant to the EMC limits nor the impact study in any appreciable way.  Rather the information is provided to indicate that WPT-EV manufacturers and WPT-EV specifications are already taking substantial necessary precautions to filter out harmonics caused by the WPT-EV system at the point of intentional evanescent radiator (i.e., ground assembly coil).  The result is that the current in the coil is sinusoidal as seen in the time-domain waveform.  Additional significant differential-mode filtering in a WPT-EV system to reach levels suggested by EBU (which are below the ITU-R P.372 MMN floor) is unrealistic and not typical for other more common power electronics found world-wide – not to mention that they are  practically immeasurable using standardized EMC metrology.  


All quantitative equipment used in the impact study was calibrated, used in high resolution modes, and is sensitive enough to see all the way down to the local ambient noise floor (noting that actual point measurements use much lower RBWs than large frequency sweeps in accordance with CISPR settings).  All qualitative (amateur radio) equipment used was typical of such commercially obtainable equipment.


The impact report indicates that a source of much discussion is the WPT-EV harmonic levels and then indicates that common-mode currents, which may be unrelated to an intentional emission source, can dominate far-field emissions.  Are these statements relevant?


All emission sources are important.  These statements in the SAE J2954 CRP impact report is relevant to the fact that the ongoing discussion is specific to WPT-EV and is not generalized to other power electronics or even other wired EV chargers.  The primary difference between a wired EV charger and a wireless EV charger is the fact that a ground assembly and vehicle assembly coil exist for galvanic isolation.  If this statement were not relevant, then WPT chargers and wired chargers would be treated in the same way.  Furthermore, these statements exist to reinforce the notion that WPT-EV serves as no more of an EMC threat than does a wired EV charger when considering that such common-mode currents exist in both wired and wireless systems.  Of course, it is important for all power electronics to meet EMC requirements which serve to ensure efficient use of the radio spectrum.  All WPT-EV systems are expected to meet standard EMC requirements, like any other power electronics system, to meet EMC limits.  The spectrum is an important shared resource for many technologies.


The impact study refers to “scaling” limits and Figure A12-10 shows more than one scaling of FCC’s Part 18.  What is meant by “scaling” and the word “conservatively” when referencing the method of scaling?


The context of this word comes from the following statement in the impact study, “The FCC Part 18 limits shown in the plots are based on conversion and scaling from the 300 m limits to magnetic field limits at 10 m based on ANSI C63.30 [20] scaling as proposed by Joseph McNulty of the FCC [19]. Additional scaling has been proposed such as SAE’s J551-5 scaling procedures that result in similar limits at 10 m as seen in the comparison chart below. The extrapolations are conservatively based on the principle that field strength decays at a 20 dB/decade rate in the far-field region of a radiating source and decays at a rate of 60 dB/decade within the near-field region.”


For reference, the FCC Part 18 ISM equipment limits are given at a distance of 300 m.  Tests are typically performed at 10 m and so the limit is scaled to 10 m distance in the impact study (and in typical EMC testing).  ANSI C63.30 uses scaling based on the FCC’s fairly complex factors as shown in the report.  A “conservative” approximation of the extrapolation is described in text.  Actual extrapolation according to ANSI C63.30 / FCC’s McNulty Scaling is more complicated but better accounts for the physics.


Were the instruments and test setup used to assess the WPT-EV impact suitable?


The tests were performed by TDK RF Solutions at the request of the SAE J2954 CRP.  The purpose of showing the ambient site noise (inclusive of both SCN and WGN) is to comparatively distinguish emissions from the WPT-EV system from SCN present in the environment.  As noted previously, it is incorrect to compare the peak SCN to RMS WGN.  The impact study did not perform assessment of the WGN for comparison with ITU-R P.372 as this was not the intention.  However, TDK RF Solutions did perform some WGN measurements for rough comparison (noting the data was collected with a loop antenna, only on the OATS, and not over 24 hours or multiple seasons as required by ITU-R SM.1753).


Additionally, it should be noted that Table 4 in SM.1753 indicates the receiver equipment requirements.  Quantitative analysis performed in the impact study was collected using equipment that complies with SM.1753 accordingly.  That being said, it is important to note that an impact study cannot only consider WGN as noted by SM.1753, and P.372 is only MMN which is WGN collected in narrow-band and neglects other prominent (as noted by SM.1753) sources of noise such as IN and SCN.  The contributed impact study also considers these other noise sources.  In addition to the impact study, TDK RF Solutions performed a WGN measurement this measurement is shown in the figure below and was not included in the contributed impact study (though it could be considered if requested).  It should be noted that the WGN measurement taken by TDK was not a statistical measurement over a 24-hour period, and it only included the single site (for obvious reasons of comparison), and was taken using the same loop antenna (rather than a monopole).  Given these constraints, it is likely that a full measurement would indicate lower WGN (when considering the statistical median) than otherwise shown (see below) if measured strictly in accordance with ITU-R SM.1753.
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Figure 1: Additional Figure for Impact Study Site Ambient Environment Comparison





It is not correct to compare ITU-R P.372 WGN MMN levels (excluding all real-world IN and SCN) with the impact study’s combined peak ambient SCN and WGN that includes all real-world effects (both natural and MMN) that a radio would experience as outlined generally by ITU-R SM.1753 (upon which ITU-R P.372 is based).  The impact study itself indicates that such a comparison cannot be made directly and that all the values are plotted on one graph in Figure A12-10 simply for information.


The plots on the Graph in Figure A12-10 are referencing different Standards and Recommendations.  Can these be directly compared and why is there a large jump in the receiver noise level?


Not all the plots shown in the chart can be directly compared and this is noted in the figure as well.  This figure is merely a high-level overview of limits and provides a comparison of these limits with the local SCN and broadcasts stations as well as the CISPR Loop sensitivity (as prescribed by CISPR 16-4-4).  The other straight-line plots (i.e. IEEE papers and ITU-R P.372 levels) cannot be compared with the other peak values.  Rather these RMS (root-mean-square) WGN levels can only be compared with one another.  


As indicated in the impact study in the paragraph before Figure A12-42 (in reference to Figures A12-42 to A12-46), “A zoomed in view of the 85 kHz fundamental as well as the 80 m, 40 m, 30 m, and 20 m amateur radio bands are shown below along with the measured quasi-peak and average values. It should be noted that the specifically annotated values in the plot were collected with a much lower RBW (i.e., 200 Hz) than the continuous plots which utilized a higher RBW (i.e. 9 kHz) as prescribed by CISPR. Only peaks that appeared to be somewhat discernible at a low-resolution bandwidth were collected, though some of the peaks were barely above ambient conditions."


As indicated by the text, the continuous visual plots (above 150 kHz) are all at 9 kHz RBW (keeping in mind that the EUT must be rotated 360 degrees to hold worst case emissions from the EUT and the entire spectrum must be scanned at each point of rotation).  Once the emissions have been identified that could be above the limit (or in this case the impact study specifically looked at each harmonic in each amateur band if it could be seen), the RBW is reduced to 200 Hz with a very narrow visible spectrum.  The EMC engineer then ensures the emission is emanating from the EUT (using a variety of techniques well known to EMC) and then performs a measurement of the QP, AVG, Peak with an EMI receiver at the 200 Hz RBW for every small angle of the 360 degrees.  This gives the radiation pattern and the worst-case emission details.  Figures A12-47 to A12-50 show some of these radiation patterns.  In the figures A12-42 to A12-46, the pink dots that are annotated are the worst-case values at the maximum rotated condition over the 360 degrees taken with an RBW of 200 Hz.


The amount of data that was processed in the 3 weeks of collecting the data (not including processing) was very large.  The actual narrow-bandwidth spectrum continuous plots at each 360 degree position using 200 Hz RBW are not typically saved since all of the necessary information is contained by taking the measurements of the signal from the EUT with the EMI Receiver (Quasi-peak, peak, and average).


There appear to be multiple sources of noise in the plots showing noise, but no attempt is made to separate them.  Why?


The impact study does not attempt to separate types of noise, but rather assesses the impact on the amateur radio.  The ambient plots are available merely to comparatively show what emissions emanate from the WPT-EV system versus which are from other local sources of SCN.  The purpose of the impact study was not to assess all types of noise but rather to assess the impact of the WPT-EV system on amateur radio directly.  The impact study was successful in this purpose.  As an additional point of reference and comparison, the SCN at the OATS was compared to SCN at a remote site using a typical amateur radio antenna.  As already noted, additional information regarding a single WGN measurement was also provided in another contribution for information (and added in a figure above for reference).


Why is there a large discontinuity in the ambient noise shown in Figure A12-10?


The change in measurement bandwidth (RBW) at 150 kHz is from 200 Hz to 9 kHz.  This results in an apparent average noise floor change of ~16.5 dB [i.e., 10*log(9000) – 10*log(200)] which clearly explains some of this discontinuity.  With respect to the additional apparent discontinuity, it is important to remember that the ambient scans are in essence a “peak-hold” so that time-varying SCN is captured and not mistaken for WPT-EV system emissions.  It appears in the region in question that there was a lot of SCN and broadcast (some of which is in the amateur band) time-varying signals which should not be mistaken for the WGN floor increase.  The large amount of SCN in this region is typical and can change due to natural propagation phenomenon and the many common household switch-mode electronics that utilize frequencies in these ranges.  By performing a peak hold with the 9 kHz RBW, the SCN can in some cases become indistinguishable from WGN.  As noted previously, however, all measurements of each harmonic (in worst-case angle and condition of WPT-EV system), occurred with a 200 Hz RBW.  A 9 kHz RBW is used to do quick frequency scans (which occur at fine angles 360 degrees around the WPT-EV system) so that all peaks from the WPT-EV system can be captured and compared with peaks not originating from the WPT-EV system.  Since SCN is time-varying by nature, it is much easier to distinguish on-site by the EMC engineer than in a summary chart that includes peaks (from peak-hold) of the SCN.  For more detail and shorter peak-hold conditions, additional charts and values in the study must be used.  The referenced chart is intended as only being informative as noted.


CISP/B/737/CDV Limit Lines are used as a reference but this document has since been rejected by national committees voting in May 2020, why is it included?


At the time of the impact report, the CISP/B/737/CDV had not completed the voting process.  The CISP/B/737/CDV limit line is merely a reference in any case and indications from this study show it may be unnecessarily low given the assessed impact.  By definition, the quantitative EMC measurements and qualitative amateur radio measurements have been performed in a worst-case setup for the system and thus a typical setup would be expected to have very little, if any, interference in the amateur radio bands studied.


Why was an uncalibrated amateur radio monopole antenna used for qualitative assessment?


The Alpha Antenna HD-FMJ monopole antenna is a typical portable amateur radio antenna used and rated highly by many amateur radio operators (as referenced in the study) for use in the HF 80m to 6 m bands.  This antenna is not a calibrated antenna and contains its own matching network for efficient operation with a 50-ohm transceiver.  The intent of the referenced comparisons is not to provide absolute values (though details about the antenna S-parameters are given), but rather to provide relative comparison as seen by a typical amateur radio receiver setup.  These plots are actually what the receiver would see (presented in dBµV) and so should be understood in this way.  A given amateur radio receiver will never see SCN and WGN exactly as it is in an absolute way but rather, its performance will depend on how the antenna is optimized as well as the matching network(s) associated with the setup.  The relative comparison is absolute only in terms of what is “seen” by a typical amateur radio receiver.  Since the impact study is to assess impact on the amateur radio receiver, this comparison is most valid.


Why do the absolute values differ from the relative values shown by the amateur radio antenna (e.g., A12-39 compared with A12-15)?


It is a mistake to compare the absolute values given in figure A12-39 in dBµA/m with relative receiver values given in figure A12-15 in dBµV.  It is very important to carefully look at any chart to ascertain the units and circumstances in which each is derived.  The impact study explains each setup and the units in detail if read thoroughly.  In general, all values collected with the CISPR loop antenna (quantitative measurements) were converted to absolute field values (dBµA/m), whereas all values collected by the amateur radio monopole antenna (qualitative measurements) were “as-seen” (dBµV) by the amateur radio receiver.  Do not mix-up these comparisons; both quantitative and qualitative measurements are used for correlation between the EMC measurements and the impact on the amateur radio bands.


In Figure A12-39, why are there some ambient emissions that appear higher with the WPT-EV system off than on and why are detailed measurements only provided in the amateur radio band?


As previously noted, general spectral scans were taken particularly to identify WPT-EV emission peaks; however, the report focuses on impact in the noted amateur radio bands.  Some data (such as the fundamental) was also collected outside the amateur radio bands.  The peak-hold plots shown are required to ascertain the worst-case peaks in a full 360 degree rotation of the WPT-EV system.  These peak-hold plots are compared with peak-hold plots without the WPT-EV system operating to help ascertain generally what may or may not be from local SCN versus the WPT-EV system.  By definition, the peak-hold of the ambient with the WPT-EV system OFF as well as the ambient with the WPT-EV System ON cannot occur simultaneously.  Comparisons between are intended to assist the EMC operator in distinguishing sources of emissions.  As noted previously also, given the time-varying nature of the SCN, it is easier to separate SCN from WPT-EV emissions on-site.  These separations were performed in detail with lower RBW for each of the amateur radio bands.  No detail is given for bands outside the noted amateur radio bands though some (not perfect) correlation between ambient and ambient + WPT-EV can be seen and is merely informative.  


In Figures A12-43/44, the measured harmonic values appear to be higher than the continuous plots.  Also, the measurements do not necessarily correlate with Figure A12-4.  Why does there appear to be a discrepancy?


As noted, the RBW for the continuous plots shown uses a 9 kHz RBW whereas collection of the point emissions occurs using a 200 Hz RBW.  The ambient with WPT-EV off is based on peak-hold scans which are not time-correlated (since this is not possible to spatially and time-correlate) with the ambient + WPT-EV on.  By nature of being a defined amateur radio band, some time-varying transmissions and other SCN is captured at different times.  In all peak-hold cases for the continuous plots with WPT-EV on, the WPT-EV system is rotated 360 degrees to ensure capture of the worst-case peaks from the WPT-EV system.  The emissions of any given WPT-EV system will not always correlate perfectly with primary coil current for many reasons including:


· The source of emissions is not always the ground assembly coil and some sources may be from common-mode currents as opposed to the primary differential-mode current.


· In addition to the level of a harmonics in the coil current, factors such as geometry, material, etcetera affect how propagation occurs.


· Radiation potential from a given source is never likely to be uniform across frequencies.  This same principal is true for antennas generally.


In general, it is not appropriate to make oversimplifications or generalizations about correlation between evanescent near-field operation versus far-field propagation of EMI since this is a subject of many complex books and constant study.  There is always an explanation, but it may not be immediately obvious.


It can be said, however, that the impact study and the plots represent the worst-case impact as noted due to the fact that all emissions were maximized in rotation, test setup (i.e. misalignment of the system), time, and polarity.


In the table in A12.3.4.2.1, it shows measurements taken at 10 m and 3 m.  These measurements do not necessarily correlate to the theoretical field fall of 60 dB per decade.  Why?


It is well-known that the field strength decay of 60 dB/decade is an approximation and in some cases an oversimplification and overgeneralization that does not account for many physical phenomena.  This is particularly true when the system utilizes evanescent fields such that at some near distance, the field pattern is determined more by geometry and materials than by the propagation medium and other propagation factors.  Additionally, fields may be enhanced by nearby metals and from fringing effects.  It is not unreasonable to consider that some enhancement is caused by the worst-case conditions including utilizing a metal ground plane with the OATS as required for EMC measurements.  For these reasons and many others, it is necessary to perform EMC measurements for WPT-EV systems at a recommended distance of 10 m and that these EMC measurements (by definition) are considered worst-case from a perspective of potential impact on nearby receivers.   


Qualitative Conclusion


The impact study presented focuses on impact on the amateur radio bands.  The impact report represents qualitative and quantitative correlated measurements that represent the worst-case in reasonable environments where a WPT-EV system and a nearby amateur radio receiver might be located.  A 3rd- party accredited and qualified lab was used to perform the assessment utilizing standardized methods, measurements, setup, metrology, and limits.  As concluded by the impact study, “Qualitative audio characteristics were obtained, and a distant radio transmission was picked up operating at the identical frequency of the WPT-EV harmonic seen.  The qualitative result was non-harmful interference resulting in no substantial loss of audibility and intelligibility at a close distance for the worst-case measured condition.”
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		Purpose/Objective: The purpose of this fact sheet is not to provide another redundant contribution on this topic to ITU-R WP1A but rather to propose continuation of the U.S. Delegation’s previous position on this document and to provide helpful information to the U.S. Delegates for the next meeting on this topic.  It is anticipated that contributions from other Sector Members or Delegations might be made towards this document so the US delegation should have appropriate information on hand to determine appropriate positions and responses to those contributions.



		Abstract:  The U.S. previously proposed to suppress this document or at most continue working on the document only as a Report.  At the meeting it was determined to continue work on the document with consideration as a Report although no further substantive updates were made to the document.



In previous contributions on this document, including in Japan’s November 2020 contribution (duplicated from their own previous contribution), some members and delegations have suggested that limits be based on ITU-R Recommendation P.372 Man-Made Noise (MMN) levels.  Fundamentally this suggestion is flawed due to the fact that levels in ITU-R P.372 are based on statistical median measurements of white-gaussian noise (WGN) only, with all single-carrier noise (SCN), and impact noise (IN) removed as indicated in ITU-R Recommendation SM.1753, which is the basis for the MMN levels.  Furthermore, these P.372 measurements are taken over several seasons and across 24-hour periods to obtain the statistical results.  Instead, ITU-R Recommendation SM.329 covers “Unwanted emissions in the spurious domain” and indicates methods of measurements which are more common to EMC measurement methods used widely to resolve SCN from radio systems – including short-range devices (SRDs) for which some administrations (though not necessarily the US – except when communication exists in-band) classify WPT.  (Noting also that many administrations consider WPT as ISM).  ITU-R P.372 MMN has the following distinct characteristics in the spurious bands of interest below 30 MHz:

· ITU-R P.372 represents ONLY WGN (not SCN) and ITU-R SM.1753 clearly indicates that both SCN and WGN are important.  ITU-R SM.1753 also clearly states that “it is virtually impossible to find a location that is not at least temporarily dominated by noise or emissions from a single source…” and that “it may be unrealistic to exclude these components from radio noise measurements.”  ITU-R SM.1753 also indicates that “ITU-R P.372 … specifically excludes emissions from single, identifiable sources.”  ITU-R SM.1753 reiterates how important both the SCN and WGN are to radio by noting that, “radiocommunications have to cope with all unwanted signals, whether it is noise or interference, to function properly.  For practical reasons it may therefore be desirable to measure the sum of both.”  Particularly in the HF band, it also notes that, “In the HF frequency band, it is virtually impossible to find a frequency that is free of wanted emissions for the whole 24 h measurement period.”

· The ITU-R P.372 values that are being used by IARU/EBU are based ONLY on man-made noise (MMN) which specifically removes any natural environmental effects.  More particularly, ITU-R SM.1753 states that “Even on one frequency the radio noise level, especially when dominated by MMN, varies depending on time and location.  In frequency bands below 30 MHz, noise levels mainly change over time due to propagation conditions.”

· The ITU-R P.372 WGN MMN values below 30 MHz are based on median values of measurements which occurred in at least 10 locations over 24-hour periods and across multiple seasons.  Specifically, in ITU-R SM.1753, it states that in addition to a standard measurement period of 24 hours, it is important “To take into account variation due to seasons, HF measurements may be repeated a number of times each year.”  This is noteworthy considering that HF propagation conditions change frequently.

· The ITU-R P.372 WGN MMN values are based on RMS measurements – not peak.  The ITU-R P.372 values do not represent the only source of noise and clearly do not represent the dominant source of noise, which is SCN as also indicated in ITU-R SM.1753.

For the benefit of the U.S. Delegation, additional information is provided in the attached document. This information was agreed upon by the attending interested U.S. November 2020 delegates to WP1A.  This information can be used by the U.S. Delegation to assist in discussions and to make any additional clarifications and decisions deemed necessary in the next meeting.
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Considerations for US Contribution on Suppression of Working Document SM.[WPT-EMISSIONS]





This information is provided for additional background on the contribution to help answer questions related to the US contributed proposal to suppress work on a recommendation towards WPT Emissions limits.


Background on WPT


In discussions, there is often a propagated misnomer regarding Non-Beam WPT in general.  Particularly, it should be noted that Non-Beam WPT is based on principles of coupling using evanescent fields (i.e. near-field reactive) which are not intended to be far-field radiators.  The same evanescent fields are used within inductors, transformers, and other components which are common amongst most all electronics.  The idea of transferring kilowatts using an evanescent field is not abnormal and in-fact, the power level of transfer itself is not the primary issue when considering potential interference considerations.  Accordingly, it should be noted that the interference potential of Non-Beam WPT is not primarily caused by the fact that there is wireless power transfer, and in reality spurious emissions are a common and regularly controlled issue for all types of electronics world-wide.  This is especially true for billions of generalized switch-mode electronics which generate spurious emission for efficient power conversion.  The only difference with wireless power transfer is that the evanescent field may not be completely shielded; however, this is primarily an issue for the fundamental frequency and potential harmonics.  Given this, general spurious emission limits should and generally are applied to WPT in the same way they are to other electronics.


The U.S. has proposed to suppress the working document toward a preliminary draft new Recommendation ITU-R SM.[WPT-EMISSIONS].  The discussion in this document provides context based on conversations that continue to occur with ITU-R and other Standard Development Organizations.


Protection of Broadcast Services and Related Emission Limits


Previously in a working document toward a preliminary draft new Recommendation ITU-R SM.[WPT-EMISSIONS] and currently in ITU-R Report SM.2451 (Attachment 4 to Annex 8), EBU and BBC have previously proposed and continue to propose setting recommendations for limits on Wireless Power Transfer in the LF and MF band based on strictly analytical calculations using a protection ratio from ITU-R Recommendation BS.560 of 56 dB (40 dB + 16 dB for worst-case offset).  This protection ratio is then combined with a minimum assumed sensitivity based on ITU-R Recommendation BS.703 in the LF and MF bands.  Unfortunately, this method of analysis results in limits which can be far below the ITU-R P.372 man-made noise levels and which are entirely unrealistic and unnecessary (see graph in US contribution).  Below are some important considerations when applying such a method to find reasonable limits:


1. ITU-R Recommendation BS.560 is based on the interference between two AM broadcast stations.  AM Radio Broadcasts are modulated and therefore have side-lobes and can be indicated as an ITU-R signal type of “A3E” or “A8E” which are very different from single-carrier harmonics or emissions caused by WPT or other general switch-mode electronics which are of an ITU-R signal type “N0N” (https://en.wikipedia.org/wiki/Types_of_radio_emissions).  Accordingly, the protection ratios in BS.560 do not directly apply.  However, in a white-paper, WHP 332, BBC has attempted to make such a correlation (reference information on Plain Carrier Interference to Broadcast Services below).


2. The “40 dB” value used from ITU-R BS.560 is used without correct context and in an incorrect way.  There is significant discrepancy on this value even within ITU-R BS.560.  For example, BS.560 states immediately after indicating a recommended 40 dB protection ratio that “The protection ratio values specified above will permit a service of excellent reception quality.  For planning purposes, however, lower values may be required.  In this respect, proposals have been made by some countries and organizations (See Annex 3).”  Then an immediate Note 2 follows, “NOTE 2- A co-channel protection ratio of 26 dB was used by the Regional Administrative MF Broadcasting Conference (Region 2) for both ground-wave and sky-wave services.”  Note 3 follows and says, “NOTE 3 – Co-channel protection ratios of 30 and 27 dB were used by the Regional Administrative LF/MF Broadcasting Conference (Regions 1 and 3) (Geneva, 1975), for ground-wave and sky-wave services, respectively.”  This is further clarified in Annex 3, Section 6.1 under “RF protection ratios for sky-wave services” “Bands 5 (LF) and 6 (MF)” where it states, “As a result of the studies carried out by the EBU, in bands 5 (LF) and 6 (MF), a co-channel RF protection-ratio value of 27 dB has been proposed and in fact adopted, by the Region Administrative LF/MF Broadcasting Conference (Regions 1 and 3) (Geneva, 1975)”.


· In short, the appropriate values may vary from 26 dB to 40 dB and these represent “excellent reception quality” for AM radio although “lower values may be required” for planning purposes.  It appears that a more acceptable value is “27 dB” as having been adopted by the “Regional Administrative LF/MF Broadcasting Conference”.


3. The additional “16 dB” that is applied is based on one specific offset condition between two broadcast stations.  In reality, the protection ratio varies based on the offset according to Figure 1 in BS.560 and results mostly in protection ratios that are lower than the baseline except for some very specific co-channel offset conditions.  Furthermore, there are four RF protection ratio offset curves yet only the worst-case curve “A” is referenced to obtain the 16 dB value.


4. According to ITU-R Recommendation BS.703 and Note 1 in BS.560, 60 dBuV/m (LF) and 66 dBuV/m (MF) are used in the EU as minimum levels for planning of receiver sensitivity.  BS.703, however, states, “These values are based upon an AF signal-to-unweighted noise (r.m.s.) ratio of 26 dB and are related to a modulation of 30%.”  These sensitivity levels translate to 8.5 dBuA/m (LF) and 14.5 dBuA/m (MF) when considering an SNR of 26 dB.  It is important to recognize that 26 dB is closer to the PR values indicated in Annex 3 of BS.560.  To further support the importance of the noted SNR value, Section 6 in BS.703 indicates that, “the AF signal-to-noise ratio will improve linearly to at least 40 dB, with increasing input signal level.”





Given these issues, it can be summarized that the use of BS.560 and BS.703 for analysis of appropriate limits for WPT are strictly inappropriate and furthermore used out of context.  Specifically, it is incorrect to combine these two recommendations and utilize a 40 dB baseline protection ratio in tandem with the minimum recommended sensitivity of to 8.5 dBuA/m (LF) and 14.5 dBuA/m (MF) when that sensitivity corresponds to an SNR of 26 dB – not a 40 dB SNR that would be more typical for stronger signals.





[bookmark: _Ref56511625]Plain Carrier Interference to Broadcast Services


Most recently, BBC made a contribution to WP6A for a liaison to CISPR/H which attempted to further justify changing the protection ratio from 27 dB to 56 dB in CISPR’s database (https://www.itu.int/md/R19-SG01-C-0027/en , see Question 1 from CISPR and response).  In this justification, it references BBC’s whitepaper, WHP 332, “Wireless Power Transfer: Plain Carrier Interference to AM Reception”.  This white paper shows that there can be a significant difference in interference to broadcast when the interferer is a plain carrier.  Unfortunately, only a detailed investigation is carried out for conditions where the plain-carrier interferer is within a 50 Hz co-channel offset from the broadcast station and larger offsets remain questionable due to the missing selectivity of the receiver used and noted differences in comparative measurements.  By reviewing the study and looking specifically at Figures 5.1 and 5.2, one could conclude that when the interferer is a plain-carrier, there is a significant advantage such that when the interferer is within 15 dB of the broadcast signal, it is nearly imperceptible and even when it is within 10 dB, the audio remains acceptable though the interferer might be audible.  The Abstract and Conclusions of the white paper; however, only note that, “a relaxation of 22 dB is permissible” for co-channel interference.  The white paper still references the same argument that “40 dB” is a baseline protection ratio (per BS.560) for all other cases and that the minimum sensitivity values indicated in BS.703 are applied in conjunction with that protection ratio.  This, of course, is an incorrect conclusion and does not correlate directly to the study at hand.  Furthermore, the response from WP6A to CISPR/H on Question 1, as contributed by BBC, asserts that the white paper justifies a 56 dB protection ratio despite the fact that the white paper study indicates quite the opposite.  The use of 56 dB for a protection ratio from wireless power is simply incorrect based on the context and assumptions used to arrive at this value.


Conclusion


The United States has proposed that WP 1A suppress the working document toward a preliminary draft new Recommendation ITU-R SM.[WPT-EMISSIONS] given the state of on-going global studies in various SDOs and administrations.  Such a recommendation is both preliminary and unnecessary given the evanescent nature of non-beam WPT and the well-established global limits for similar switch-mode power devices.  Any further interest in this subject should be established in a Report, which is a more appropriate format.  Two such reports already exist for non-beam WPT types, namely ITU-R Reports SM.2451 and SM.2449.
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Background

At the November-December 2020 meeting of Working Party 1A, this meeting revised and agreed to elevate the working document on Report ITU-R SM.2392-0 to a preliminary draft revision. 

The May/June meeting is expected to consider received contributions and finalize the revision. Upon review, the US has noted that some terminology present in this revision is understood in context only to the regular participants in the work. A broader audience may not understand the usage of terminology.  Therefore terminology should be clarified so that usage in this context is not confused with usage in other documents.

Proposal

The United States proposes to add editorially modify the document to remove ambiguity with respect to the usage of terms.
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[bookmark: _Toc461457397][bookmark: _Toc57632472]1	Introduction

Wireless power transmission (or transfer) (WPT) technology is considered as one of game changing technologies. We will be able to become free from lacking electric power when electric power will be supplied wirelessly. Power transmission by radio waves dates back to the early work of Nikola Tesla in 1899. Tesla carried out his first attempt to transmit power without wires in 1899. He used low frequency power of 150 kHz, but his attempts failed. Parallel to Tesla’s first WPT experiments, M. Hutin and M. Le-Blanc proposed an apparatus and method for powering an electrical vehicle (EV) inductively in 1894 using an approximately 3-kHz AC generator [HUT 94]. EVs were developed during the period of time shortly after the steam engine, approximately one hundred years ago. Both inductive WPT, which is called a type of ‘non-beam’ WPTtype’, and the WPT via radio frequency beam, which is called ‘beam’ WPTtype’, were started in the early 20th century. 	Comment by Kevin Graf: This existing sentence establishes “beam” and “non-beam” as the two terms used by this document to describe the two general types of WPT.  “Beam” is also used in the title of both this document and ITU-R SM.2303.  So for present revisions, I will stick with “beam” and “non-beam” and strive for clarification and consistent use of those terms.  Know that other documents use other terms, for example: “radiative” and “non-radiative” as seen in draft IEC documents IEC TC-106 WG9 DTR and 63184 DPAS, or “at-a-distance” and “locally-operated” as seen in FCC 19-126.  Each of these term pairs can lead to slightly different categorizations.  For instance, energy harvesting might be at-a-distance and radiative but not fit cleanly into either “beam” or “non-beam.”

The present development of the WPT via radio frequency beam owes to William Brown in 1960s using microwave technology developed during the World War II. He transmitted the microwave power from a transmitter to a receiver (point-to-point) with the overall (DC-microwave-DC) efficiency of 54% in his laboratory [BRO73]. When we use the microwave frequency, the WPT via microwave is called a microwave power transmission (MPT). A lot of the inductive WPT research projects for a wireless charging of EVs were carried out in 1980s and 1990s [SHI 14]. Commercial products of contactless cables are produced after 1900s. A turning point of the inductive WPT was in 2006, when Massachusetts Institute of Technology (MIT) demonstrated non-beam wireless power technology called resonance coupling WPT [KUR 07]. Nowadays, resonant WPT technologies are coming out to consumer market. Automotive industry looks at WPT for EV applications in near future. Information about WPT using technologies other than radio frequency beam, as partial answers to the Question ITU-R 210-3/1 was published as Report ITU-R SM.2303 in 2014. After the MIT’s demonstration, a variety of WPT technologies including magnetic induction, resonance coupling, transmission via radio frequency beam, etc. are paid attention as game changing technologies. 	Comment by Kevin Graf: I think it is unnecessary to define “MPT.”  Just use “WPT” throughout.  Where applicable, classify it as “WPT at microwave frequencies” or “beam WPT.”

This Report provides introductory information mainly about WPT applications using radio frequency beam.  WPT is the transfer of electrical energy from a source to one or more client devices without electrical contact between the source and client devices.  Beam WPT transfers that electrical energy via directed, radiated electromagnetic waves.   ItThis document also covers beam WPT as well as wider genre of power transmission by non-directed, radiated electromagneticradio waves, which can include non-beam applications such as like energy harvesting.  This document  but does not include cover WPT technologies that do not use radiated electromagnetic waves to transfer power, such as magnetic induction, magnetic resonance, nor and capacitive coupling technologyies.  Those technologies, which are treated covered in the Report ITU-R SM.2303. 	Comment by Kevin Graf: It appears this document has defined its scope to include all “radiative” WPT, which includes technologies beyond the scope of “beam” WPT.  This paragraph would read much more clearly if we switched from “beam” and “non-beam” to “radiative” and “non-radiative.”  Alternatively, if we were to adhere more rigorously to the beam/non-beam scope, that would push coverage of energy harvesting technologies to a different document.

Further studies for the impact between such WPT systems and existing other systems, and safety aspects such as human exposure to electromagnetic fields are necessary in order to realize these applications.

[BRO 73]	Brown, W.C., “Adapting Microwave Techniques to Help Solve Future Energy Problems”, 1973 G- MTT International Microwave Symposium Digest of Technical Papers 73.1, pp. 189-191, 1973.

[HUT 94]	Hutin, M. and M. Le-Blanc, “Transformer System for Electric Railways”, US Patent Number 527,875, 1894.

[KUR 07]	Kurs, A., A. Karalis, R. Moffatt, J.D. Joannopoulos, P. Fisher and M. Soljačić, “Wireless power transfer via strongly coupled magnetic resonances”, Science, Vol. 317, pp. 83-86, 2007.

[SHI 14]	Shinohara, N., “Wireless Power Transfer via Radiowaves (Wave Series)”, ISTE Ltd. and John Wiley & Sons, Inc., Great Britain and United States, 2014.1

[bookmark: _Toc453840339][bookmark: _Toc461200693][bookmark: _Toc461200848][bookmark: _Toc461200955][bookmark: _Toc461457398][bookmark: _Toc57632473]2	Applications developed for use of WPT technologies via radio frequency beam

Major characteristics of the WPT via radio frequency beam are: 1) short to long distance WPT, including contact-based applications, 2) no electromagnetic coupling between a transmitting antenna and a receiving antenna, which is different from an inductively coupled WPT and a resonance coupling WPT, and 3) various applications, e.g. weak powered sensors, high power wireless chargers, huge power transfer from power station, etc.	Comment by Kevin Graf: Please clarify “short to long” with at least order-of-magnitude distance estimates for what is meant by “short” and “long.”

[bookmark: _Toc453840340][bookmark: _Toc461200694][bookmark: _Toc461200849][bookmark: _Toc461200956][bookmark: _Toc461457399][bookmark: _Toc57632474]2.1	Wireless powered sensor network (App ID[footnoteRef:1]: a1) [1: ] 


Recommendation ITU-T Y.2221 [ITU10] defines sensor network as: A network comprised of interconnected sensor nodes exchanging sensed data by wired or wireless communication. Wireless sensor networks (WSNs) are one of the most rapidly developing information technologies and promise to have a variety of applications in next generation networks (NGNs) based on ITU-T Technical Paper Y.2000 [ITU14]. Energy efficiency is quite important. This paper states as follows:

	“The WSN parts may be spatially distributed on the area of many kilometres, especially if a WSN user is managing it via the Internet. At the same time, sensor nodes can be located in the inaccessible places, or the concrete location of each sensor node can be unknown. Also, a WSN may consist of dozens, hundreds or even thousands of sensor nodes. Under these conditions charging of sensor nodes by the user is out of question. That is why a sensor node must have high energy efficiency in order to keep working on small and inexpensive battery for a few months and even years. This ultra-low-power operation can only be achieved by using low-power hardware components.”

[bookmark: _Toc453840341][bookmark: _Toc461200695][bookmark: _Toc461200850]2.1.1	Situation of Japan

Microwave power can drive a wireless sensor without a battery. Wireless power can be actively transmitted to sensors requiring electricity (Fig. 2.1.1). This system could solve the above problem. A rectenna, which consist of an antenna and rectifying circuit with diodes, receives and rectifies a radio wave to direct current (DC). Radio frequency (RF) – DC conversion efficiency is theoretically 100%, and reaches approximately 90% at 2.45 GHz for a developed rectenna.

FIGURE 2.1.1

Image of wireless powered sensors (ZigBee) [ICH12]

[image: ]

The ZigBee/IEEE802.15.4 sensor represents a potential wirelessly powered sensor. The ZigBee network is configured as a coordinator, router, and an end device. The coordinator is just one device in the network and coordinates the network. The router has the function of relaying data from other routers and end devices as well as sensing information. The end device sends data only; otherwise it sleeps. Therefore, power consumption of the end device is lower than the other devices. The router and end device send a total of nearly 2 ms of data every 1.14 s. The coordinator drops either device from its network if it does not receive data from either for 15 s. The out of network device must perform the necessary routines to rejoin the network. When the end device and the router rejoin the network and communicate with each other, they expend 9.46 mW and 57.4 mW, respectively, to do so. When they do not join the network and sleep, they expend 61.8 mW and 57.1 mW, respectively [ICH12]. The electricity consumption is one example that indicates we can drive the ZigBee sensor strictly with microwave power.

Another Japanese proposed wireless powered sensor network is called wireless grid or microwave illumination whose concept is shown in Fig. 2.1.2 [SAK 10] [MAE 13]. The system provides wireless power and wireless information of active RF-ID in the 920 MHz band. The system uses 4 channels (1 W) without carrier sensing for passive RFID for wireless power. 77 channels (1 mW) for active RFID are used for the sensor network. Instantaneous received power should be larger than the power consumed by the sensor. The average consumed power is controlled by changing the duty cycle. A multi-power transmitter is used in the room and a carrier shift diversity is proposed in which multi frequencies are used to reduce standing waves in a closed room. The carrier shift diversity effectively reduced standing waves and created an approximately uniform power density in the room.

FIGURE 2.1.2 

Concept of the wireless grid (microwave illumination) [SAK 10]

[image: ]

Japanese company provides a commercial wireless sensor using WPT in the 920 MHz band [DEN 13]. The distance of application is less than 5 m. The RF-DC conversion efficiency is approximately 60%. The company proposes applications of the wireless sensor for sensing in high temperature environments (85-120oC), sensing on a rotating or moving object, and sensing in severe environments; for example, in outdoor or marine environments, etc. They have developed a high efficiency rectenna whose RF-DC conversion efficiency is approximately 91.6% at 8W, 2.45 GHz and 7 W [FUR 13]. 

A wireless sensor application by using a flying drone is proposed in Japan in 2015. One of weak point of the WPT is a miss match between a required power and system size of the WPT which includes an antenna size and a transmitting radio wave power. When a distance between a transmitting antenna and a receiving antenna of the WPT becomes longer, beam efficiency becomes lower than a user expectation. Even for the WPT sensor, it sometimes happens. By using the flying drone, the distance between a transmitting antenna and a receiving antenna of the WPT becomes shorter and WPT system can be smaller than that without the drone. The proposed WPT system is named a ‘Multicopter Assisted Wireless Batteryless Sensing System (WBLS)”. The first experiment was carried out on July, 2015 at Kyoto University by WiPoT, Kyoto Univ., Mini-Surveyor Consortium, and Autonomous Control Systems Laboratory Ltd. 5.8 GHz, 8.74W microwave power was transmitted from 8 × 8 array antenna (21 dBi) on a flying drone (multicopter) as shown in Fig. 2.1.3. Received and rectified 6.1 mW DC power drives a sensor. Hopeful applications of the Multicopter Assisted WBLS are rescue of victims, WPT-powered sensors at volcano, and inspection of infrastructures (bridges, tunnels), etc. 

fIGURE 2.1.3

Concept of Multicopter Assisted WBLS and its demonstration on July, 2015 in Japan

[image: ]

[ICH 12]	Ichihara, T., T. Mitani, and N. Shinohara, “Study on Intermittent Microwave Power Transmission to a ZigBee Device”, Proc. of 2012 IEEE MTT-S International Microwave Workshop Series on Innovative Wireless Power Transmission: Technologies, Systems, and Applications (IMWS-IWPT2012), pp. 209-212, 2012.

[ITU 10]	“Requirements for support of ubiquitous sensor network (USN) applications and services in the NGN environment.” Recommendation ITU-T Y.2221 (2010).

[ITU 14]	“Applications of Wireless Sensor Networks in Next Generation Networks,” ITU-T Technical Paper Y.2000 (2014).

[DEN 13]	DENGYO Corporation http://www.den-gyo.com/solution/solution10_b.html (in Japanese).

[FUR 13]	Furukawa, M., T. Minegishi, T. Ogawa, Y. Sato, P. Wang, H. Tonomura, M. Teramoto, and N. Shinohara, “Wireless Power Transmission to 10kW Output 2.4 GHz-band Rectenna Array for Electric Trucks Application (in Japanese)”, IEICE Technical Report, WPT2012-7, pp. 36-39, 2013.

[MAE 13]	Maehara, D., R. Akai, G.K. Tran, K. Sakaguchi, S. Sampei, K. Araki, and H. Iwai, “Experiment on Battery-less Sensor Activation via Multi-point Wireless Energy Transmission“, Proc. of 2013 IEEE 24th Annual Int. Sympo. On Personal, Indoor, and Mobile Radio Communications (PIMRC), pp. 2346-2350, 2013.

[SAK 10]	Sakaguchi, K., R.P. Wicaksono, K. Mizutani, and T. Khanh, “Wireless Grid to Realize Ubiquitous Networks with Wireless Energy Supply (in Japanese)“, IEICE Tech. Report, Vol. 109, No. 442.

[bookmark: _Toc453840342][bookmark: _Toc461200696][bookmark: _Toc461200851][bookmark: _Toc461200957][bookmark: _Toc461457400][bookmark: _Toc57632475]2.2	Wireless charginger of mobile/portable devices (App ID: a2)

Wireless charging technologies have been in constant evolution, currently offering support for fast, efficient contact-based charging, as well as wireless charging over-the-air. RF-based wireless charging technology can offer substantial improvements in contact-based charging efficiency, foreign object detection, orientation freedom, and thermal performance compared to coil-based charging technologies. 	Comment by Kevin Graf: This section in particular should be revised once we agree upon terminology in the intro.  It uses different terminology than the rest of the document and, depending on what is meant here by “contact-based,” might include material that is outside the scope of this document and is instead covered by SM.2303.

The technology can be designed and implemented into many different sized electronic devices for the home and office, as well as the medical, industrial, retail and automotive industries, and it ensures interoperability across products.  These devices include wearables, hearing aids, earbuds, Bluetooth headsets, Internet of Things (IoT) devices, smartphones, tablets, e-book readers, keyboards, mice, remote controls, rechargeable lights, cylindrical batteries, medical devices and any other device with similar charging requirements that would otherwise need a battery or a connection to a power outlet.

Wireless charging transmitters use narrowband spectrum, typically 400 kHz or less, to transmit RF energy to its client device. The contact transmitter is inactive until an authorized client device has been identified, authenticated, and determined to be in contact with the WPT charger pad. Wireless charging over-the-air operate in similar spectrum, and rely on antenna arrays and beam focusing techniques to transmit RF energy to precise client device locations. Because the power transmissions from wireless charging systems are directed to a client device, they are inherently compatible with other spectrum users, as they focus their energy on specific locations and transmit only when an authorized client is present.

[bookmark: _Toc453840343][bookmark: _Toc461200697][bookmark: _Toc461200852]2.2.1	Situation of Japan

Sensors are suitable devices to take advantage of WPT via radio waves because they are very low power devices. However, various kinds of mobile devices exist that operate using battery storage and WPT should be applied for wireless power feeding or wireless charging of these various mobile devices. For this purpose, a concept termed ubiquitous power source (UPS) was proposed near the end of 1990s [SHI 04] [SHI 05] and is based on the concept that microwaves are everywhere at all times (ubiquitous) and are always available for WPT. 

The concept of UPS is shown in Fig. 2.2.1(a). Microwave power at 2.45 GHz (industrial, scientific, and medical (ISM) band frequencies reside in the 2.40-2.50 GHz range) is transmitted from the edges of a ceiling to charge mobile phones. It is quite possible to create a uniform microwave power density in a UPS room with antennas installed at the ceiling edges. Slot antennas are selected as the transmitting antennas because of their reduced cost. For the same reason, a frequency stabilized and phase controllable magnetron is used. However, because the UPS concept is based on a “wireless power source all the time and everywhere,” the design of UPS is limited by safety issues associated with prolonged exposure to microwaves by human beings. The safety level set is under 1 mW/cm2 for continuous exposure over the entire human body. For an experimental room of 5.8 × 4.3 m, approximately 150 W of microwave power was transmitted from a magnetron to create a uniform microwave power density of 1 mW/cm2 or less. High-efficiency rectennas are also necessary for operation at a microwave power density of 1 mW/cm2 or less. Under these conditions, an experiment was successful at charging mobile phones, as shown in Fig. 2.2.1(b). Furthermore, a mobile phone can still be used in the UPS room because of the difference between the 2.45 GHz microwave power and the 1.9 GHz communication system frequencies.

FIGURE 2.2.1

		(a) The ‘Ubiquitous Power Source’ Concept

		(b) Wireless mobile phone charging experiment
using a UPS [SHI 04]
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As an extension of UPS systems, a phased array should be used to reduce the total transmitting power and to reduce unexpected radiation at positions where power is not needed (Fig. 2.2.2). For directional UPS in a room size equivalent to the UPS experiment described above, only 22 W of microwave power (versus 150 W for the conventional UPS system) is required if the power density around a device is to be 1 mW/cm2. The phase array is still expensive for commercial WPT and UPS. The cost of the array depends on component costs, especially the phase shifter. 

Therefore, systems without phase shifters are proposed to reduce the total microwave power necessary for UPS while lowering the cost [HAS 11].

FIGURE 2.2.2

Present UPS vs future UPS using a phased array

[image: ]

Emergency UPS was proposed and an experiment was carried out in 2009 in Japan [MIT 10], as was discussed in Section 2.4. An image if the experimental system is shown in Fig. 2.2.3. Worldwide, there are some research projects involving emergency base stations for mobile phones by balloon or by airship. However, even if a base station for mobile phones is established for emergencies, a mobile phone cannot be used without electricity. So an emergency UPS system is proposed for rapid and periodic recovery of electricity by wireless power. In the experiment from 2009, a mobile phone was charged using only wireless power from an airship.

FIGURE 2.2.3

Image of an emergency UPS system and photo of experiment (2009)

 [image: ]

[bookmark: _Toc453840344][bookmark: _Toc461200698][bookmark: _Toc461200853]2.2.2	Situation of U.S.

At the TechCrunch disrupt 2013 technology conference, a U.S. based company proposed a commercial wireless charger of a mobile phone using MPT whose frequency is the same frequency as that of WiFi [AOL 13]. It is called ‘Cota’ and can wirelessly deliver 1 W of power at a distance of 30 ft. In the conference, they showed an iPhone 5 being remotely charged from a prototype WPT system. The company claimed that the commercialized version of Cota is ready to ship in 2013‑14 and a consumer version will be ready to ship before 2015. The other U.S. company starts to produce a wireless charger of a mobile phone called ‘Wattup’ in 2015. They use two frequencies; 2.4 GHz (unlicensed) for Bluetooth low energy communication and 5.7-5.8 GHz (Unlicensed Industrial, Scientific & Medical, ISM) band for power transfer.

[AOL 13]	Aol Tech. http://techcrunch.com/2013/09/09/cota-by-ossia-wireless-power/.

[HAS 11]	Hashimoto, K., T. Ishikawa, T. Mitani, and N. Shinohara, “Improvement of a ubiquitous power source”, Proc. of International Union of Radio Science (URSI) General Assembly 2011, CD-ROM CHGBDJK-1.pdf, 2011.

[MIT 10]	Mitani, T., H. Yamakawa, N. Shinohara, K. Hashimoto, S. Kawasaki, F. Takahashi, H. Yonekura, T. Hirano, T. Fujiwara, K. Nagano, H. Ueda, and M. Ando, “Demonstration Experiment of Microwave Power and Information Transmission from an Airship”, Proc. of 2nd International Symposium on Radio System and Space Plasma 2010, pp. 157-160, 2010.

[SHI 04]	Shinohara, N., H. Matsumoto, T. Mitani, H. Shibata, T. Adachi, K. Okada, K. Tomita, and K. Shinoda, “Experimental Study on “Wireless power Space” (in Japanese), IEICE Tech. Report, SPS2003-18, pp. 47-53, 2004.

[SHI 05]	Shinohara, N., T. Mitani, and H. Matsumoto, “Study on Ubiquitous Power Source with Microwave Power Transmission”, Proc. of International Union of Radio Science (URSI) General Assembly 2005, CD-ROM C07.5(01145).pdf, 2005.

[bookmark: _Toc453840345][bookmark: _Toc461200699][bookmark: _Toc461200854][bookmark: _Toc461200958][bookmark: _Toc461457401][bookmark: _Toc57632476]2.3	Wireless power transfer sheet (App ID: b1)

[bookmark: _Toc453840346][bookmark: _Toc461200700][bookmark: _Toc461200855]2.3.1	Situation of Japan

A MPT operating through closed waveguides is a good potential application under present radio wave regulations. Another MPT operating through closed waveguides was proposed and developed in Japan. It is called the “two-dimensional waveguide power transmission (2DWPT) system or surface WPT system” [SHD 07]. In 2DWPT systems, the microwave propagates along a waveguide sheet and is selectively received by special receiving devices on the sheet (Fig. 2.3.1). The 2DWPT system also has an inevitable trade-off between the safety and power transmission capacity. Figures 2.3.2(a) and (b) illustrate an improved waveguide surface which has been demonstrated to enhance electro‑magnetic compatibility (EMC) performance [NOD 11] [NOD 12]. The microwave is received at a waveguide-ring resonator (WRR) coupler which extracts the power from the waveguide across a thick insulator (Fig. 2.3.2(c)). Extraneous objects near or even touching the sheet are not exposed to the strong electromagnetic fields. The WRR coupler has a significantly high quality factor (high-Q) in the resonant state, which is essential to support the selective power transmission. The WRR is connected to a rectifying circuit which is driven in class F. The total efficiency, defined as the ratio of the DC output of the rectifying coupler to the microwave input into the sheet, was 40.4% at maximum where the microwave input was 1 W in the 2.4 GHz band with a 6.4 × 3.6 cm2 coupler on a 56 × 39 cm2 sheet (nearly 100 times the area of the coupler) [NOD 12]. 

FIGURE 2.3.1

Photographs of the 2DWPT system

[image: ][image: ]

FIGURE 2.3.2

Wireless power transfer sheet

		(a) Upper view of the waveguide sheet
around its edge

		(b) Schematic drawing
of its cross section

		(c) Receiver of wireless power [NOD 11] [NOD 12]
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FIGURE 2.3.3

Block diagram of the microwave power supply system using a phased array 
which has seven RF amplifiers along each edge [NOD 13]
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Microwaves are used in the 2DWPT system and the microwave diffuses in accordance with Maxwell’s equations even if the dimension decreases from 3D to 2D. To suppress unexpected radiation, a phased array can be applied to the 2DWPT system, which is equivalent to a 3DWPT system [NOD 13]. Figure 2.3.3 presents a proposed experimental 2DWPT system using a phased array at the University of Tokyo. Results of the experiment indicated that the variation of the efficiency at a receiving point on the sheet using the phased array is suppressed within 2 dB, wherein the variation was more than 10 dB without the phased array system.

The 2DWPT system has been standardized in ARIB (Association of Radio Industries and Business) as ARIB STD-T113[ARI15]. Frequency is 2.498GHz1MHz and its power is below 30W.

[ARI15]	ARIB STD-T113 http://www.arib.or.jp/english/html/overview/doc/1-STD-T113v1_0.pdf (in Japanese).
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[NOD 12]	Noda, A., and H. Shinoda, “Waveguide-Ring Resonator Coupler with Class-F Rectifier for 2-D Waveguide Power Transmission”, Proc. of 2012 IEEE MTT-S International Microwave Workshop Series on Innovative Wireless Power Transmission: Technologies, Systems, and Applications (IMWS-IWPT2012), pp. 259-262, 2012.

[NOD 13]	Noda, A., and H. Shinoda, “A Phased Array Feeding System for 2-D Waveguide Power Transmission (in Japanese)”, Proc. of IEICE, BSC-1-8, March 2013.

[SHD 07]	Shinoda, H., Y. Makino, N. Yamahira, and H. Itai, “Surface sensor network using inductive signal transmission layer,” Proc. of Int. Conf. on Networked Sensing Systems (INSS) 2007, pp. 201-206, 2007.

[bookmark: _Toc453840347][bookmark: _Toc461200701][bookmark: _Toc461200856][bookmark: _Toc461200959][bookmark: _Toc461457402][bookmark: _Toc57632477]2.4	MPT in a pipe (App ID: b2)

[bookmark: _Toc453840348][bookmark: _Toc461200702][bookmark: _Toc461200857]2.4.1	Situation of Japan

In the 1990s in Japan, a micro robot moving in a pipe and powered by MPT in a pipe was developed. The concept is shown in Fig. 2.4.1(a). The MPT in a pipe system was developed at 14 GHz microwaves, as shown in Fig. 4.4.1(b) [SHB 97], propagating down a 15 mm diameter circular pipe, as a circular waveguide, in the TE11 mode (Fig. 2.4.1(b)) with a transmission loss estimated to be < 1 dB/m. The rectenna which was composed of a monopole antenna and a rectifying circuit received the microwave power and fed the rectified DC power to the robot’s inertial drive system composed of a piezoelectric bimorph cell to drive the microrobot. The microrobot received 50 mW of microwave power and was able to move at a rate of 1 mm/sec in the pipe when 1 W of microwave power was transmitted through the pipe.

FIGURE 2.4.1

		(a) The concept of a robot in a pipe powered by MPT

		(b) Conventional method of power conversion from a circular waveguide to a coaxial cable [SHB 97]
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In the 1990s, an MPT system was proposed in Japan for powering an observation robot in a gas pipe [HIR 97] [HIR 99]. The diameter of the gas pipe was approximately 155 mm, which was suitable for propagation of microwaves operating at a frequency of 2.45 GHz. The problems associated with this particular MPT application were (1) an unknown propagation loss in rusty gas pipes, and (2) the complex branching of the gas pipe network. The propagation loss was estimated by experiments and theory and was on the order of −0.1 to −1.0 dB/m. It was concluded that the loss was sufficiently low to propagate microwave power in the gas pipe. 

The complexity of the pipe branch network posed a bigger problem. Theoretically, radio waves cannot propagate to all branches of the waveguide, and some branches would not be serviced with radio waves. Experimental results supported the theory, which indicated that the proposed MPT in a pipe system had limited application.

A new radio wave hose for a WPT application is proposed and developed in 2015 in Japan [ISH15‑1][ISH15-2]. The radio wave hose is plated and processed into a resin hose with a conductive coating. They constructed an experimental system for wireless power transmission using the radio wave hose and confirmed the possibility of wireless power transmission of a 100-mW class on a 5.8‑GHz band. The radio wave hose will be applied for harnessless car as shown in Fig. 2.4.2.

FIGURE 2.4.2

Concept of a harnessless car with radio wave hose of the WPT in pipe [ISH15-1]
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[bookmark: _Toc453840350][bookmark: _Toc461200704][bookmark: _Toc461200859]2.5.1	Situation of Japan

A Japanese building company jointly proposed with Kyoto University a wireless building using microwave power technology [SHI 14]. The proposed power system is shown in Fig. 2.5.1. This system wirelessly supplied electric power using a deck plate consisting of extra cover boards that acted as microwave transmission waveguides. A frequency of 2.45 GHz was selected on the basis of size limitations of the conventional deck plate and a magnetron was used as the microwave transmitter to reduce cost. The flow of microwave power could be controlled by variable power dividers that supplied microwave power only to users requiring it and blocked flow to places where there were no users. Rectennas as DC converters and as DC power sources were placed under the floor. Adjusting the position of the rectenna was quite easy because microwaves were present practically everywhere under the floor. Total efficiency from electricity to DC via microwave transfer was assumed to be 50%. Although the day by day running costs of electricity for the microwave building system is approximately twice that of a conventionally wired home, the initial cost of the building is reduced because of reduced construction costs. Therefore, it was estimated that the overall life cycle cost of the building can be reduced by using the microwave building system.

FIGURE 2.5.1

Wireless building using microwave power transmission
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In the initial phase, the wireless system was considered for office buildings where DC-driven computers and other OA instruments are mainly used. It is estimated that one DC converter requires < 50 W, and > 3 kW of microwave power is provided to a single room, indicating that the system provides sufficient power to run a number of typical electrical devices per room. The microwave traveling through the waveguide in this application serves as a UPS system.

[SHI 14]	Shinohara, N., N. Niwa, K. Takagi, K. Hamamoto, S. Ujigawa, J.-P. Ao, and Y. Ohno, “Microwave Building as an Application of Wireless Power Transfer”, Wireless Power Transfer, pp. 1-9, 2014.4.
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[bookmark: _Toc453840352][bookmark: _Toc461200706][bookmark: _Toc461200861]2.6.1	Situation of Canada

The WPT via radio frequency beam is suitable for a WPT to a moving/flying target. A Canadian group of the Communication Research Centre (CRC) successfully conducted a fuel-free airplane flight experiment using MPT in 1987, which was called SHARP (Stationary High Altitude Relay Platform; Fig. 2.6.1) [SCH 88] [SHA 88]. They transmitted a 2.45 GHz, 10 kW microwave signal to a model airplane, having a total length of 2.9 m and a wing span of 4.5 m, flying more than 150 m above ground level. 

2.6.2	Situation of Japan

In Japan, a fuel-free airplane flight experiments with MPT phased arrays operating at 2.411 GHz for the MILAX project was succeeded in 1992 (Fig. 2.6.2) [MAT 93]. It was the first MPT experiment with the phased array beam forming in the world. The MPT experiments conducted during the SHARP and MILAX projects aimed at a stationary high altitude relay platform in the stratosphere.

FIGURE 2.6.1

The Canadian SHARP flight experiment and the 1/8 model airplane in 1987 [SHA 88]
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FIGURE 2.6.2

The MILAX project airplane experiment showing the model airplane 
and the phased array used in Japan in 1992
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In the early 21st century, the MPT to micro aerial vehicle (MAV) [MYS 12] and Mars observation airplane [NAG 11] [NAG 12] projects, which were MPT systems directed towards small airplanes, were proposed and developed in Japan (Fig. 2.6.3). The MPT to the MAV was proposed by the University of Tokyo. Researchers transmitted 5.8 GHz microwave power to a flying MAV from which a pilot signal of 2.45 GHz was transmitted as a signal for target detection. Rectennas were installed on the body of the MAV. Initially, five horn antennas were used as a phased array. The diameter of the phased array was 330 mm and its element spacing was 2. Microwave power from the horn antennas was 4 W each. 

For the base system, a phased array using 8 microstrip antennas whose element spacing was 1.36 was adopted. Microwave power from the microstrip antennas was 8 W each.

FIGURE 2.6.3

First concept of a MPT to micro aerial vehicle [MYS 12]
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FIGURE 2.6.4

A description of the MPT to Mars observation airplane [NAG 11] [NAG 12]
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The Mars observation microwave airplane system was proposed by Kyoto University and Kyusyu Institute of Technology, Japan. Wide-ranging, continuous observation of the surface of Mars is of interest for understanding the physical properties of that planet. The Mars surface has been mainly observed by a rover, which can neither move rapidly nor observe bumpy areas. Therefore, small airplane observation is receiving attention as an alternative to the rover. In order to realize stable flight in the greatly reduced atmosphere of Mars, the weight of the airplane must be reduced. 

MPT is an excellent possible technology to reduce or even eliminate the fuel requirements of an airplane. A description of a possible future Mars observation airplane is shown in Fig. 2.6.4 [NAG 11] [NAG 12]. An experimental setup is shown in Fig. 2.6.5. The MPT system using a phased array antenna composed of “power-variable phase-controlled magnetrons (PVPCMs)” was used in the experiment. The PVPCM is a derivative technology from the phase-controlled magnetron (PCM) developed at Kyoto University. A PVPCM can transmit 2.45 GHz, 61 dBm microwave power and can control the beam direction using phase control [NAG 11]. The transmitter traces the airplane’s location with a camera using an image processing application [NAG 12].

FIGURE 2.6.5

		(a) Schematic diagram and photograph of the magnetron-based phased array

		(b) Alignment of the six rectennas on the airplane body for ground experiments [NAG 12]
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MPT to a moving rover is another potential application as shown in Fig. 2.6.6. From 2004 in Japan, MPT using active integrated antenna (AIA) technology was developed [SHI 07]. The target of this project was (1) development of very light power-to-weight-ratio microwave power transmitter using AIA technology (with a target below 50 g/W), (2) advancement of the power management of the rectified microwave power at the rectenna, receiver, and rectifier of the microwave power, especially against changes in the connected load, and (3) fundamental experiments of the coexistence of 100 W microwaves and 10 mW wireless communication waves. For the target of the project, MPT to a moving rover was chosen. The microwave transmitting sub-system was composed of a 32 element AIA with a linear polarized rectangular microstrip antenna array and 4 W output 3-stage GaAs high power amplifiers on a bent di-electric base for an expanded cooling area, whose total power is 120 W at 5.8 GHz. The system uses no phase shifter. A photograph of the MPT experiment in an anechoic chamber is shown in Fig. 2.6.7. The rover moved only by means of the microwave power provided by MPT.

Ritsumeikan University’s group in Japan carried out a WPT demonstration to flying drone in 2015 (Fig. 2.6.8) [NIS15]. They used 430 MHz frequency band and approximately 30 W radio wave power to supply a power to the drone. A weight of the drone model was 25 g and it required 2WDC to fly. Presently, the drone could fly above a transmitting antenna at distance of approximately 10 cm. The system is under revision. 

US group in University of Colorado and ISAE, France, are developing a WPT system to flying micro-UAV (unmanned vehicle) in 2015 (Fig. 2.6.9) [Dun15].

FIGURE 2.6.6

Experimental system of MPT for the moving rover [SHI 07]
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FIGURE 2.6.7

Photograph of the MPT rover experiment [SHI 07]

[image: ]

FIGURE 2.6.8

Experimental system of WPT to flying drone [NIS 15] and its demonstration in Japan (March, 2016, in Japan)

[image: ][image: D:\work\My Documents1\disk8(国内学会)\電子情報通信学会\平成28年春\写真\IMG_5665.JPG]

FIGURE 2.6.9

Experimental system of WPT to Micro-UAV
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It is easy to image a point-to-point WPT via radio waves in over km distance instead of a wired power transfer (Fig. 2.7.1). In the 1960s, point-to-point WPT operating in the km range via microwaves was highly expected for WPT application. Brown and Dickinson carried out MPT experiments at JPL in 1975 (Fig. 2.7.2) [BRO 84]. However, the size of the transmitting and receiving antennas was decided by theory and they were too large to realize a commercial point‑to‑point MPT application with reasonable cost as an alternative to wired power transfer. Point-to-point MPT systems were revised and further experiments were proposed in the 1990s (Fig. 2.7.3) [SHI 98] [CEL 97]. They have developed a rectenna array. Under certain conditions, such as providing electrical power to an isolated mountain top or an island where the cost of a wired power supply is too expensive and/or electric power needs are sporadic, the point-to-point MPT system has a distinct advantage over wired power transfer. 

FIGURE 2.7.1

Image of point-to-point WPT
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FIGURE 2.7.2

1 Mile point-to-point MPT experiment with 26 m parabolic antenna and 450kW-2.388 GHz Klystron as a transmitter and 3.4 × 7.2 m Rectenna array as a receiver
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FIGURE 2.7.3

50 m point-to-point MPT experiment with 3 kW-2.45 GHz magnetron in Japan (1995)
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[bookmark: _Toc453840355][bookmark: _Toc461200709][bookmark: _Toc461200864]2.7.1	Situation of Japan

On February 2015, two long distance WPT experiments were carried out in Japan. One is 55 m distance WPT experiment with 5.8 GHz, 1.8 kW microwave (Fig. 2.7.4). The microwave was transmitted from 2.5 cm thickness phased array with GaN MMIC amplifiers and 5-bit MMIC phase shifters. Efficiency of the GaN high power amplifier is approximately 70% at 7W, 5.8 GHz. The thin phased array and GaN amplifiers were developed by Mistubishi Electric Corp and a rectenna was developed by IHI Aerospace. In this experiment, a recto directive target detecting and rotating electromagnetic vector (REV) method was adopted to detect a position of a rectenna and to control a microwave beam. The target detecting and beam forming system was developed by JAXA and Mitsubishi Electric Corp. The other long distance WPT was carried out at 500 m distance with 2.45 GHz, 10 kW from magnetron phased array by Mitsubishi Heavy Industries (Fig. 2.7.5). Both experiments were conducted by JSS (Japan Space Systems) and supported by METI (Ministry of Economy, Trade and Industry). These were field experiments as results of six year R&D project for a Solar Power Satellite. The R&D project by METI continues until 2017 and more.

FIGURE 2.7.4

55 m point-to-point MPT experiment with 1.8 kW-5.8 GHz phased array with GaN MMIC amplifiers 
in Japan by JSS and METI (2015)
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FIGURE 2.7.5

500 m point-to-point MPT experiment with 10 kW-2.45 GHz magnetron phased array 
in Japan by JSS and METI (2015)
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The size of the antenna and the expense of an MPT system depend on the MPT’s intended range. In Japan, a short-distance point-to-point MPT system has been proposed by NTT Corp. and Kyoto University, which is called MPT for fixed wireless access (FWA). Fig. 2.7.6 shows an image of the proposed system [HAT 12]. The outdoor device communicates with the Internet by the FWA or an optical fiber. The inside device and the outside device wirelessly communicate with each other. The inside device transmits power to the outside device by microwave. The outside device can operate without a battery. For the system, it is preferred that both information and power are carried by the same microwave carrier to reduce the size of the system. At first, a frequency of 24 GHz was selected and a MMIC rectenna with a class-F load output filter was developed, as shown in Fig. 4.5.18 [HAT 13].

FIGURE 2.7.6

Concept of a microwave-driven FWA system [HAT 12].
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In 2015, Kyoto University and MHI group developed a wireless charging system for small electric cart with 2.45 GHz, 100W microwave (Fig. 2.7.7). This is one of point-to-point WPT at short distance. In 2016, the WPT system are investigated for daily use in Kyoto University. 

FIGURE 2.7.7

Wireless charging system for small electric cart
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Highly efficient MPT can be applied not only through closed waveguides, but also over short distances with smaller antennas. Photographs of the wireless charging of an EV using MPT are shown in Fig. 2.8.1. It is convenient to apply MPT for wireless charging both for parked EVs and for EVs in motion because the transmitting and receiving antennas are not coupled. The impedance of the antennas is not changed by a change in the position of the EV nor is the efficiency of MPT changed. Problems of safety and interference by microwaves are diminished for both MPT in a closed waveguide and over short distances because there is almost no diffusion of unexpected microwaves. In short-distance power transfer systems, the magnitude of wireless power can be also increased to the kW range because the transmission does not interact with humans or other living things between the transmitting and the receiving antennas.

FIGURE 2.8.1

Images of wireless charging of EVs (a) for parked EVs, and (b) for EVs in motion
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		(b)





[bookmark: _Toc453840357][bookmark: _Toc461200711][bookmark: _Toc461200866]2.8.1	Situation of Japan

A MPT system for EVs was proposed and implemented (Fig. 2.8.2) [SHI 04]. From 2003 to 2008, the collaborative research between Japanese car company and university was carried out to develop a MPT system between the road and the body of an EV using a microwave frequency of 2.45 GHz (Fig. 2.8.3) [SHI 11] [SHI 11-2]. Magnetrons and slot antennas were used to reduce the system cost. The distance between the transmitting and the receiving antennas was approximately 12.5 cm, a distance of 1  at the 2.45 GHz frequency. The battery on the electric vehicle can be effectively charged using microwave transmissions having a theoretical beam efficiency of at least 83.7% and an experimental beam efficiency of at least 76.0% [SHI 11-2]. This efficiency is sufficiently high to realize the transmission of wireless power using microwaves. For this application, a new GaN Schottky diode was utilized to increase the rectified power and to reduce the EV charging time. 

In 2000, a scaled MPT model for running an EV was developed [SHI 04]. To reduce power loss, the position of the model EV was detected by positioning sensors and microwave power was transmitted only to the position of the model EV.

FIGURE 2.8.2

Short-distance wireless microwave charging road system for EVs [SHI 04]
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FIGURE 2.8.3

Wireless charging experiment with microwaves by Kyoto University, (a) the System, (b) Microwave transmitting antenna on the road, (c) Rectenna array on the body of the EV [SHI 11-2]
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From 2006 to 2008, Japanese company conducted a MPT R&D project for EVs with Japanese three car company [SHI 13-2]. To reduce the power loss, they used (1) 6.6 kV directly to drive the 2.45 GHz magnetrons as microwave transmitters, (2) a blocking wall around which microwaves pass between the transmitting antennas and receivers, and (3) a heat recycling system. The total efficiency, including the heat recycling, was approximately 38% with an output power of 1 kW at a distance of 12.5 cm. The prototype released in 2009 is shown in Fig. 2.8.4.

In 2012, a Japanese branch of Swedish automotive company and Japanese company began to develop a new MPT system for an electric truck. The former system led to mutual coupling problems between the transmitting and receiving antennas because the MPT distance was too short; therefore, the new MPT system was changed from a road-to-body to a top-to-roof configuration (Fig. 2.8.5) [SHI 13-1] [SHI 13-3] to take advantage of the MPT as long distance WPT. The distance between the transmitting antennas and the receiving antennas on the roof-top of the EV was 2-6 m, depending upon the type of the EV used. To keep a high efficiency over the varying distance, a phased array system that can create a flat beam on the receiving antennas was proposed. 

On 6th July 2012, they released a 10 kW rectenna array with an efficiency of 84% operating at a frequency of 2.45 GHz for the mid-distance WPT system (Fig. 2.8.6) [FUR 13]. The received microwave power density was over 3.2 kW/m2 at a distance of approximately 4 m from the transmitter.

FIGURE 2.8.4

Wireless charging experiment with microwaves by Mitsubishi Heavy Industries’ group in 2009 [SHI 13-2]
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FIGURE 2.8.5

Proposed mid-distance wireless charging for EV and the FDTD simulation of the microwave beam [SHI 13-1]
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FIGURE 2.8.6

Photograph of the 10kW Rectenna operating at 2.45 GHz for wireless charging of EVs [FUR 13]
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[SHI 13] 	Shinohara, N. and Yuta Kubo, “Suppression of Unexpected Radiation from Microwave Power Transmission System toward Electric Vehicle”, Proc. of 2013 Asia-Pacific Radio Science Conference (AP-RASC), E3-4 (No. 290450), 2013.

[SHI 13-2] 	Shinohara, N., “Wireless Power Transmission Progress for Electric Vehicle in Japan”, Proc. of 2013 IEEE Radio & Wireless Symposium (RWS), pp. 109-111, 2013.

[SHI 13-3] 	Shinohara, N., Y. Kubo, and H. Tonomura, “Mid-Distance Wireless Power Transmission for Electric Truck via Microwaves”, Proc. of 2013 International Symposium on Electromagnetic Theory (EMT-S2013), pp. 841-843, 2013.

[bookmark: _Toc453840358][bookmark: _Toc461200712][bookmark: _Toc461200867][bookmark: _Toc461200964][bookmark: _Toc461457407][bookmark: _Toc57632482]2.9	Solar power satellite (App ID: c4)

Hugest application of the WPT via radio frequency beam is a solar power satellite (SPS) [SPS 07]. The SPS is designed as a huge solar power satellite in geostationary orbit, 36,000 km above the Earth’s surface (Fig. 2.9.1), where there is no cloud cover and no night throughout the year. The generated power in the SPS is transmitted to the ground via microwave. Because of the theoretically calculated, large antenna size required to achieve high beam efficiency to a far distant target like the SPS, approximately 2 km size antennas at 5.8 GHz are required for the SPS but it is not impossible. Microwave energy is not absorbed by air, cloud, and rain; therefore, it is possible to obtain approximately ten times the solar power, a stable and CO2-free energy source, from the SPS using MPT technology than that from terrestrial solar sources. 

In the MPT system of the SPS, a large phased array with a high efficiency must be employed. The phased array is necessary for steering a power beam to a small rectenna target on the ground within a tolerance of 0.0005 degree; although, the transmitting antenna of the SPS will always move and fluctuate. The power beam must be generated and transmitted without much loss for economic reasons.

FIGURE 2.9.1

Image of solar power satellite

[image: L:\Users\kozo\Documents\SkyDrive\Pictures\FixPuctures\2SPS\SPS\SPSConcept-s.jpg]

[SPS 07] 	Report of the URSI Inter-Commission Working Group on SPS, URSI, 2007, available at URL: http://www.ursi.org/files/WhitePapers/WPSPS-ReportMin.pdf 
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In a WPT system via radio frequency beam, antennas are used to transmit and to receive radio wave. The transmitting and receiving antenna are not electromagnetically coupled. So number of transmitters and receivers are free from circuit parameters of transmitters and receivers. Main theory of the WPT via radio frequency beam is based on Friis’ transmission Formula. The radio wave which transmits wireless power does not need modulation like a wireless communication system. 

The WPT via radio frequency beam is classified as follows (Fig. 3.1 and Table 3.1);

a)	Wide beam to multi-users at short range

b)	WPT in closed area

c)	Narrow beam to single user at short/long range.

FIGURE 3.1

WPT via radio frequency beam technologies

		(a) Wide beam to multi-users

		(b) WPT in closed area
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		(c) Narrow beam to single user
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TABLE 3.1

Classification of WPT applications

		ID

		Application

		a) Wide beam to multi-users at short range

		b) WPT in closed area

		c) Narrow beam to single user at short/long range



		a1

		Wireless powered sensor network

		○

		

		



		a2

		Wireless charger of mobile devices

		○

		

		



		b1

		Wireless power transfer sheet

		

		○

		



		b2

		MPT in a pipe

		

		○

		



		b3

		Microwave buildings

		

		○

		



		c1

		WPT to moving/flying target

		

		

		○



		c2

		Point-to-point WPT

		

		

		○



		c3

		Wireless charging for electric vehicles

		

		

		○



		c4

		SPS

		

		

		○







In the narrow beam WPT and in the WPT in closed area, it is possible to suppress unexpected radiation in spacing with antenna technology. Phased array antenna, which can control beam direction and beam form with phase and amplitude controlled plural antennas, are sometimes used in the narrow beam WPT. The phase array antennas were developed for WPT and WPT field experiments were carried out [SHI 13]. 

The radio wave itself is an electric power. The only difference between the radio wave and the electricity is the frequency. MHz-GHz radio wave is used for the WPT via radio frequency beam, the wireless communications, and remote sensing. DC or 50/60 Hz (commercial power frequency) is used as the electricity. So frequency conversion from the radio frequency to DC/commercial power frequency is only required in the WPT, including not only the WPT via radio frequency beam but also an inductive WPT and a resonance coupling WPT. Rectenna, antenna with rectifying circuit with diodes, is used as a receiver and rectifier in the WPT via radio frequency beam (Fig. 3.21). RF‑DC conversion efficiency of developed rectenna was approximately 90% at 2.45 GHz [BRO 80] [FUR 13] and 80% at 5.8 GHz [MCS 97]. The rectenna can be applied for all WPT via radio frequency beam, for example, at UHF [SAM 09], X-band [EPP 00], K-band [TAK 13], and W‑band [WEI 14]. 

FIGURE 3.21

Rectenna, rectifying antenna

[image: ]

[BRO 80] 	Brown, W.C., “The History of the Development of the Rectenna, Proc. of SPS microwave systems workshop, pp. 271-280, Jan. 15-18, 1980, at JSC-NASA.

[EPP 00] 	Epp, L.W., A.R. Khan, H.K. Smith, and R.P. Smith, “A compact dual polarized 8.51GHz‑rectenna for high-voltage (50 V) actuator applications”, IEEE Trans. MTT, Vol. 48, No. 1, pp. 111-119, 2000.

[FUR 13] 	Furukawa, M., T. Minegishi, T. Ogawa, Y. Sato, P. Wang, H. Tonomura, M. Teramoto, and N. Shinohara, “Wireless Power Transmission to 10kW Output 2.4 GHz‑band Rectenna Array for Electric Trucks Application (in Japanese)”, IEICE Technical Report, WPT2012-7, pp. 36-39, 2013.

[MCS 97] 	McSpadden, J.O., L. Fun, and K. Chang, “A High Conversion Efficiency 5.8 GHz Rectenna”, IEEE MTT-S Digest, pp. 547-550,1997.

[SAM 09] 	Sample, A.P. and J.R. Smith, “Experimental Results with two Wireless Power Transfer Systems”, Proc. of 2009 IEEE Radio & Wireless Symposium (RWS), MO2A-5, pp. 16‑18, 2009.

[SHI 13] 	Shinohara, N., “Beam Control Technologies with a High-Efficiency Phased Array for Microwave Power Transmission in Japan”, Proceeding of IEEE, vol. 101, Issue 6, pp. 1448-1463, 2013.

[TAK 13] 	Takacs, A., H. Aubert, L. Despoisse, and S. Fredon, “K-band Energy Harvesting for Satellite Application”, Proc. of Int. Microwave Sympo. (IMS), WE3G-1, 2013.

[WEI 14] 	Weissman, N., S. Jameson and E. Socher, “W-Band CMOS On-Chip Energy Harvester and Rectenna”, Proc. of Int. Microwave Sympo. 2014, TH2C-5, 2014.

[Editor’s note: Section 4 needs to be reviewed to include updated information on WPT’s standardization worldwide, if new information is available.]

[bookmark: _Toc453840360][bookmark: _Toc461200714][bookmark: _Toc461200869][bookmark: _Toc461200966][bookmark: _Toc461457409][bookmark: _Toc57632484]4	Organizations expected to contribute to WPT’s standardization

Although no standardization organization for WPT for radio waves exists, some organizations to promote the WPT are expected to contribute WPT’s standardization.

[bookmark: _Toc57632485]4.1	Europe 

WiPE (Wireless Power Transmission for Sustainable Electronics) [W13]

[W13] http://www.cost-ic1301.org/ 

COST has been an intergovernmental framework for European Co‑operation in the field of Scientific and Technical Research since its creation in 1971. Its goal is to strengthen the competitiveness of Europe's scientific and technical research for peaceful purposes.

The COST Action aims to address efficient WPT circuits, systems and strategies specially tailored for battery‑less systems. Battery‑free sensors, passive RFID, near field communications (NFC) are all closely related concepts that make use of WPT and energy harvesting systems to remotely power up mobile devices or to remotely charge batteries, contributing to develop and foster the Internet of Things (IoT) evolution.

In this context, this COST Action aims at bringing together RF circuit and system designers with different backgrounds to: 1) provide enhanced circuit and subsystem solutions to increase the efficiency in WPT; and 2) investigate the use of novel materials and technologies that allow minimizing cost and maximizing integration of the electronics with the environment and with the targeted applications.

The COST Action expected benefits include the creation of a wide network of experts both from academia and industry that can address the existing and upcoming challenges in WPT scenarios in an interdisciplinary manner paving the way for the future generations of WPT solutions and the associated regulation.

COST is an ideal framework towards joining efforts at an international level and establishing Europe as a leading scientific and industrial community in the field of WPT.

WiPE Management Committee includes 27 European countries at this time with more than 100 entities participation in regular meetings and workshops. WiPE also organizes a yearly PhD schools on WPT.

WiPE has five research workgroups (WGs). These are:

WG1: 	Far-field WPT systems 

WG2: 	Near-field WPT systems 

WG3: 	Novel materials and technologies 

WG4: 	Applications (space, health, agriculture, automotive systems, home appliances) 

WG5: 	Regulation and Society Impact.

[bookmark: _Toc57632486]4.2	Japan

4.2.1	WiPoT (Wireless power transfer consortium for practical applications) [WI]

[WI] http://www.wipot.jp/english/

The objectives of the consortium are: 1) matching new ideas and solutions to society’s needs regarding WPT technologies, particularly with regards to MPT, and 2) accelerating the development of practical applications of WPT. To achieve these objectives, the WiPoT shares information about not only technology, but also standardization, safety, and user needs. The consortium also advertises WPT technologies, including MPT, throughout the world. The consortium was established in 2013 and has 29 company members, 38 university members, and 3 institute members as of May, 2016.

The consortium considers that microwave power transmission can be base technology of all wireless power transmission and has the following working groups: 

WG1: 	Wide Beam and Low Power Applications

WG2: 	Narrow Beam and high Power Applications

WG3: 	WPT in Closed Area 

WG4: 	Commercialization

WG5: 	Standardization.

4.2.2	BWF (Broadband wireless forum) [BWF]

[BWF] http://bwf-yrp.net/english/

The Forum shall aim at contributing to sound advancement of new radio use systems and services to promote early commercialization and international development of the systems and services using new radio communication technologies. To achieve these aims, the Forum conducts R&D, investigation, information collection, liaison and coordination with related organizations, and dissemination activities, etc., on new radio communication technologies. Its members are 128 bodies As of 11 January 2013.

Its activities are:

(1)	R&D on new radio communication technologies utilizing test beds

(2)	Investigation on new radio communication technologies

(3)	Collection, exchange, and provision of information on new radio communication technologies

(4)	Liaison and coordination with organizations related to new radio communication technologies

(5)	Dissemination and awareness raising of new radio communication technologies

(6)	Other activities necessary for the achievement of the Forum's aim

Technology Application Subcommittee has Wireless Power Transmission Working Group.

The Sub Group-5 in WPT-Working Group of BWF is taking responsibility for drafting WPT using microwave technical standards utilizing the ARIB (Association of Radio Industries and Businesses) drafting protocols. A draft standard developed by BWF will be sent to ARIB for approval.

[bookmark: _Toc57632487]4.3	Other international organizations

IEEE MTT (Microwave Theory and Technique) Society currently promotes the Wireless Energy or Power Transmission and conversion technologies, using either near-field or far-field techniques, for either fixed or mobile access platforms. For the purpose, they established Technical Committee 26 named Wireless Energy Transfer and Conversion in MTTS in 2011 [TC26]. Wireless energy harvesting from radio-frequency (RF) sources is also part of the interest of this committee. In the international microwave symposium (IMS), they conduct student design competitions every year since 2012. 15 teams from 12 countries joined the competition in IMS2014. The TC26 has been organizing an international conference named Wireless Power Transfer Conference (WPTc) since 2013, which started as a workshop in 2011 and was repeated in 2012. Number of the paper submission to this conference is over 170 in 2015.

URSI (International Union of Radio Science) is composed of 10 commissions. URSI organized the inter commission working group (ICWG) on SPS, which is one of MPT applications, and published the white paper on SPS in 2007 with the cooperation of all the commissions including those which cover SPS systems, radio technologies as well as MPT, electromagnetic interference, radio astronomy, and safety issues. URSI general assemblies (GA) which are held every three years have sessions on SPS and/or WPT since 2002 to 2014 (latest). A general lecture of RF energy harvesting and WPT was held in 2014 URSI GA.

[TC26]	IEEE MTTS TC-26 http://www.mtt-archives.org/~mtt26/

[bookmark: _Toc453840366][bookmark: _Toc461200720][bookmark: _Toc461200875][bookmark: _Toc461200970][bookmark: _Toc461457413][bookmark: _Toc57632488]5	Status of sSpectrum for WPT via radio frequency beam

One of expected frequency band for theThe Beam WPT may be considered as an is ISM (Industrial, Scientific, and Medical) application, even for operation outside bands designated for ISM use. Beam WPT systems may also be classified as Short-Range Devices, operating in some bands listed in Recommendation ITU-R SM.1896 and Report ITU-R SM.2153. Since WPT signals do not normally carry intelligence data communications, it in the form of signs, signals, nor pictures, they may not be considered as a conventional radiocommunication service.

The main frequency bands being proposed for WPT applications are 915 MHz (917-920 MHz), 2.45 GHz (2 400-2 500 MHz), and 5.8 GHz (5 725-5 875 MHz). The 902-928 MHz ISM band (in Region 2 only) is generally unsuitable except for short range WPT applications such as wireless powered sensor networks and UPS. The 2.4-2.5 GHz ISM band and 5.725-5.875 GHz ISM band were used for WPT experiments and are expected for narrow beam WPT applications. At frequencies below 800 MHz, the WPT systems are unable to easily generate the desired small area of field. At higher frequencies, the systems become inefficient to due path loss. The 2.4-2.5 GHz ISM band is more desirable than higher frequency bands because propagation impairments are smaller. For those applications where transmission failure due to rain, etc. can be addressed by backup systems, backed-up by for example having standby, alternate energy systems or adequate energy storage, the 5.8725-5.875 GHz ISM band is desirableprovides advantages due to the reduction in aperture sizes. Compared to the 2.45 GHz and 5.8 GHz bands, the 915 MHz band has technical advantages for some applications and is less crowded with consumer electronics. Additional considerations regarding spectrum for Beam WPT applications are provided in Recommendation ITU-R SM.[WPT.BEAM.FRQ]. Impact studies have been carried out in Report ITU-R SM.[WPT.BEAM.IMPACTS].

Annex 1 of Recommendation ITU-R SM.1056 notes power transfer as a future application of ISM. However, Radio Regulations pertaining to ISM imply that the definition and designation of frequency bands for ISM may not have been done with wireless power transmission in mind.

[bookmark: _Toc453840367][bookmark: _Toc461200721][bookmark: _Toc461200876][bookmark: _Toc461200971][bookmark: _Toc461457414][bookmark: _Toc57632489]6	Summary

This Report contains possible applications of WPT via radio frequency beam, technologies employed in those applications and candidate frequency bands. 

Wireless powered sensor network, wireless charger of mobile devices, WPT sheet, MPT in a pipe, microwave buildings, WPT to moving/flying target, point-to-point WPT, wireless charging for electric vehicles and SPS are studied for applications of WPT via radio frequency beam. WPT technologies using wide beam to multi-users at short range, WPT technologies in closed area and WPT technologies using narrow beam to single user at short/long range are being studied and developed.

WPT technologies using wide beam to multi-users at short range have been studied in the 915 MHz, 2.45 GHz, and 5.8 GHz and 900 MHz bands. Wireless powered sensor network and wireless charginger of mobile/portable devices are studied under these technologies. 

WPT technologies in closed area have been studied in the 2.45 GHz and 5.8 GHz bands. WPT sheet, MPT in a pipe and microwave buildings are studied under these technologies.

WPT technologies using narrow beam to single user at short/long range have been studied in the 2.45 GHz and 5.8 GHz bands. WPT to moving/flying target, point-to-point WPT, wireless charging for electric vehicles and solar power satellite are studied under these technologies.

Based on this Report, further studies for the impact between such WPT systems above and existing other systems, and safety aspects such as human exposure to electromagnetic fields are necessary in order to realize these applications.
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[bookmark: dbreak]Background

During the November-December 2020 meeting of Working Party (WP) 1A, the frequency recommendations proposed in this document for the use of Beam WPT systems were discussed, and a consensus was reached on the text of the recommendation. The text of the recommendation is now stable.

An accompanying work plan was created for this document, entitled “Detailed work plan for the development of a working document towards a preliminary draft new Recommendation ITU-R SM.[WPT.BEAM.FRQ]”. According to the agreed upon work plan, at this meeting, a new version of this working document should be produced. Furthermore, the plan states that based on the progress of the aforementioned reports, this document should be considered for status elevation.

Market developments

Current wireless charging systems on the market are mainly inductive markets. Several companies’ products have been approved for Beam WPT in the US, Europe, South America, Middle East and Asia. The FCC website is posted here as it is public information and posts listings for Beam WPT in 900 MHz. [add link to FCC website]

Proposal

In line with the work plan, the United States proposes to update this document based on new information added to working document towards a preliminary draft new Report ITU-R SM.[WPT.BEAM.IMPACTS] and working document towards a preliminary draft revision of Report ITU-R SM.2392-0. The United States also proposes, in accordance with the work plan, to elevate the status of this document to preliminary draft new Recommendation ITU-R SM.[WPT.BEAM.FRQ]. Finally, any proposed frequency bands that the Working Party does not reach an agreement on should not postpone the elevation of this document—as they can be added later as modifications to the upgraded recommendation or in future revisions of the approved document.
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		Frequency ranges for operation of wireless power 
transmission systems via radio frequency beam







Scope

This Recommendation provides guidelines for the use of frequency ranges for the operation of wireless power transmission (WPT) via radio frequency beam, including wireless charging of mobile/portable devices, but not including WPT for electric vehicles.

Keywords

Wireless power transmission, short-range devices, ISM, radio frequency beam

Abbreviations/Glossary 

CISPR:	In French “Comité International Spécial des Perturbations Radioélectriques”, 
	International Special Committee on Radio Interference

ICNIRP:	International Commission on Non‑ionizing Radiation Protection

IEC:	International Electrotechnical Commission

ISM:	Industrial, Scientific, Medical 

RR:	Radio Regulations

WHO:	World Health Organization

WPT:	wireless power transmission

Related ITU Recommendations, Reports

Recommendation ITU-R SM.1056; Recommendation ITU-R SM.1896; Report ITU-R SM.2153; Report ITU-R SM.2392.

The ITU Radiocommunication Assembly,

considering

a)	that wireless power transmission (WPT) is defined as the transmission of power from a power source to an electrical load wirelessly using an electromagnetic field;

b)	that WPT technologies utilize various mechanisms, such as transmission via radio frequency beams, inductive, resonant and capacitive coupling;

c)	that WPT technologies may be useful in applications of wireless charging for different types of devices, including mobile/portable devices;

d)	that WPT standards are currently being developed at national, regional, and international levels for wireless charging technologies;

e)	that wireless charging of mobile/portable devices for applications of WPT via radio frequency beam using beam short range are being studied and developed;

f)	that radiation outside the bands used by WPT should be minimized in order to preserve the RF spectrum of radiocommunication services;

g)	that to mitigate the impact of WPT devices on the operation of radiocommunication services some solutions utilize frequency bands designated for Industrial, Scientific, Medical (ISM) applications;

h)	that issues of non-ionizing radiation exposure are dealt with by international organizations such as the World Health Organization (WHO), the International Commission on Non‑ionizing Radiation Protection (ICNIRP), and International Electrotechnical Commission TC106, and that ICNIRP 2010 provides guidelines for limiting exposure (up to 10 MHz), and ICNIRP 1998 provides Guidelines for limiting exposure (up to 300 GHz);

i)	that wireless powered sensor networks comprise interconnected sensor nodes exchanging sensed data by wired or wireless communication,

j) [New considering to address Beam WPT applications that are out of the scope of this recommendation, including military and aerospace]

recognizing

a)	that WPT has no status in the RR and that, under Nos. 15.12 and 15.13, administrations shall take all practicable steps to ensure this equipment does not cause harmful interference to a radiocommunication service, in particular, to a radionavigation or any other safety service;

b)	that both consumers and manufacturers will benefit from common spectrum bands used for WPT technologies;

c)	that frequency bands designated for ISM applications have been successfully used in the past for development and proliferation of innovative technologies in accordance with the RR;

d)	that some non-ISM bands are taken into consideration for the global or regional harmonized use of specific WPT applications;

e)	that the WPT can be treated separately from data communications, especially when the receiving device receives data communications at a different frequency to the energy transmission;

f)	that some Administrations classify the Beam WPT as an ISM application, even for operation outside bands designated for ISM use;

g)	that some Administrations classify Beam WPT systems as Short-Range Devices, operating in some bands listed in Recommendation ITU-R SM.1896 and Report ITU-R SM.2153;

h)	that duration or power limits can be placed on WPT,

noting

a)	that the International Electrotechnical Commission (IEC) has published a Technical Report IEC/TR 62869 on “Wireless Power Transfer for audio, video and multimedia systems and equipment” developed by TC 100;

b)	that this Recommendation will assist administrations in applying No. 15.13 to prevent harmful interference to a radiocommunication service from WPT equipment used for industrial, scientific and medical applications;

c)	that Recommendation ITU-R SM.1056 on the limitation of radiation from ISM equipment recommends that administrations consider the use of the latest edition of CISPR publication 11;

d)	that Report ITU-R SM.2392 discusses applications of wireless power transmission via radio frequency beam;

e)	that [working document toward preliminary draft new Report ITU-R SM.[WPT.BEAM.IMPACTS]] provides impact studies information related to the use of some Beam WPT systems,

recommends

1	that administrations should consider the use of the frequency ranges listed in the following Table for the operation of Beam WPT systems;

2	that Beam WPT applications not cause harmful interference to radiocommunication services ensuring that they remain protected from WPT operations, including consideration of unwanted radio frequency energy (such as radiated electromagnetic disturbances) falling into all bands;

3	that the occupied bandwidth and e.i.r.p. for the adequate operation of Beam WPT applications should be limited to the absolute minimum based on the other services and applications present in the same frequency band.

TABLE 1

Frequency ranges for operation of Beam WPT systems

		Frequency range

		Suitable Beam WPT technologies and applications



		863-870 MHz

		Wireless Charging of Mobile/Portable Devices

Wireless Powered & Charging of Sensor Networks



		917-920 MHz

		



		2 400-2 500 MHz

		



		5 470-5 770 MHz

		



		5 725-5 875 MHz

		



		Note: The list of frequency bands in this table may not be available for Beam WPT applications in some countries. For example, in some administrations in Europe, the 917-920 MHz band is used by other services.
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1	Introduction



…



3.4	Study D



An over-the-air, distance charging transmitting device (DUT) operating between 915 MHz and 921 MHz was tested for impact to demonstrate interoperability with wireless devices and technologies operating in the same band. The DUT operates on a single channel with a bandwidth less than 400 kHz and maximum declared conducted average power of 40.0 dBm. The DUT is designed to charge other devices at a distance of up to 300 cm. 



The tests were performed in two separate rooms. The first was a real-world test performed in a regular room and on a wooden countertop where other signals were present, as illustrated in Figure 7. The second room was an anechoic chamber, as described in ETSI EN 302 208 V3.1.1 (2016-11) Annex B.1.2 and as illustrated in Figure 8. This anechoic chamber was used to demonstrate whether the results found in the regular room were repeatable in a free-space environment and whether any degradation of signal was due to the noisy environment. The tests were performed in the exact same manner, detailed further below, in each room. The results from each of the tests did not have any discrepancies; as such, only one set of results is presented below. 

[bookmark: _Ref35852325]Figure 7 

Test setup in room 1, open area
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Figure 8

Test setup in room 2, anechoic chamber
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Tests were performed on the following types of wireless devices:

Table 11

Types of devices used, frequencies, and distances in Study D

		No.

		Type of device

		Frequency range (MHz)

		Distances tested (cm)



		1

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50, 70, 100 



		2

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50, 70, 100



		3

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50, 70, 100



		4

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50, 70, 100



		5

		Wireless Microphone and base station

		904.45-927.45

User Selectable

		0, 10, 30, 100, 200



		6

		Assisted listening device

		863.25-864.75 

User Selectable

		0, 10, 30, 100, 200



		7

		Assisted listening device

		904.65-926.85

User Selectable

		0, 10, 30, 100, 200



		8

		RFID reader

		903-927

Hopping

		0, 10, 30, 100, 200



		9

		RFID reader

		865-868

Hopping

		0, 10, 30, 100, 200











Cellphone. The DUT was placed 100 cm from a mobile phone simulating a desktop environment. The cell antenna, cabled to base station simulator, was placed 3 m from the DUT and mobile phone devices. A call from the mobile phone was established to the callbox in the GSM 900 Band, on a specific frequency. After the call was established, the DUT was switched on at 917.5 MHz. The charging signal was verified with a spectrum analyzer positioned in the test area. The call was monitored for 60 seconds. After which the call state was logged (call maintained, or call dropped.). The distance between the DUT and mobile phone was decreased incrementally until the mobile phone was touching the DUT, measured at 0 cm. Testing was performed using 3 different channels.

Figure 9

Cellphone impact test setup

[image: A screenshot of a cell phoneDescription automatically generated]

Figure 10 

 Other In-band device impact test set up

[image: A screenshot of a cell phoneDescription automatically generated]

The results demonstrated that all phones were able to operate without harmful interference on at least one channel and on all channels when separated by 1 m or more from the DUT.



Wireless Microphone and base station. The base-station (receiver) was placed 30 cm from the DUT, and the Microphone (Transmitter) moved through the test distances. Subsequently, the Microphone (Transmitter) was placed 30 cm from the DUT, and the Base-station (receiver) was moved through the test distances.



When operating close to the transmit frequency of the DUT, the audio devices experienced .no harmful interference



Assisted listening device. The Transmitter was placed 30 cm from the DUT, and the Receiver was moved through the test distances. Following this, the Receiver was placed 30 cm from the DUT, and the Transmitter was moved through the test distances.

When operating at close to the transmit frequency of the DUT, the devices experienced interference however setting the audio device frequency away from that of the DUT resulted in little to no harmful interference.



RFID reader. For the first device, scans were performed at 903.250; 904.250; 915.250; 915.750; 920.250; 926.750; and 927.250 MHz. The software transmitting setting was set to 30 dBm. RFID tags were then placed 30 cm from the DUT. For the second, scans were performed at 865.00; 866.00; 867.00; and 868.00 MHz with default settings. RFID tags were then placed 30 cm from the DUT.



At separation distances of 1 m or greater between the DUT and RFID reader and tags, the readers worked without error.
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[bookmark: dbreak]1	Introduction

Wireless Power Transmission (WPT) technology is used to transfer power wirelessly from power sources to devices that use or consume power. Significant innovations in WPT can free users from needing electric power cords or changing batteries if electric power is supplied wirelessly. There are two major categories in WPT technologies. One of them is non-beam WPT technology, which transfers power to devices using magnetically, capacitively or inductively coupled means in the near field region and is typically used to charge devices, such as mobile phones and electric vehicles. The other category of WPT is beam WPT, which transfers power wirelessly using radio waves over longer distances (several meters or more, and the potential to cover wider areas).

Beam WPT regulations, standards, and operational guidelines are currently being developed at national, regional, and international levels for wireless charging technologies of mobile/portable and IoT sensor devices for applications of WPT via radio frequency beam. Report ITU-R SM.2392 “Applications of wireless power transmission via radio frequency beam” indicates diverse applications and technologies of beam WPT in the future. The Report focuses on applications of WPT technologies using radio frequency beam and highlights that such devices may be classified as Industrial, Scientific, Medical (ISM) or short-range devices (SRD). While both ISM and SRD Beam WPT devices are addressed in Report ITU-R SM.2392, Report ITU-R SM.1896 provides a list of frequency ranges for global and regional harmonization of SRDs in its annexes, and Radio Regulations footnote 5.150 provides a list of frequency ranges for ISM devices. To mitigate the impact of WPT devices on the operation of radiocommunication services as finding increasing technology and spectrum demand, some solutions that utilize frequency bands designated for ISM applications and other solutions for spectrum sharing with the incumbent radiocommunication services are discussed. In order to commercialize these WPT technologies, studies on the impact of WPT systems on radiocommunication systems are necessary.

The purpose of this Report is to indicate the possibilities of coexistence with radiocommunication systems by conducting impact studies and demonstrating compliance with international and/or national radio frequency regulations and RF exposure guidelines even in the proposed beam WPT operation conditions. It is also intended to provide guidance to the administrations wishing to allow implementation of beam WPT technologies in the proposed frequency ranges in order to minimize the potential impact of beam WPT on radiocommunication services. Furthermore, this Report is expected to contribute to discussions towards international frequency ranges and regulations for beam WPT applications. 

National regulations, such as those in the United States, offer reasonable protection against harmful interference from these devices in a residential installation, but such limits do not guarantee that interference will not occur in a particular instance. However, as demonstrated in the studies contained in this document, Beam WPT technologies have the benefit of causing little to no harmful interference to other devices at distances equal to or less than 30 cm. Any harmful interference that does exist can easily be mitigated by the user moving the charging device and/or affected device. As such, users are encouraged to try to correct any such interference.

2	Radio characteristics of beam WPT

This section provides examples of the characteristics of the beam WPT system. 
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TABLE 1

Examples of radio characteristics of beam WPT systems

		System

		System 1

		System 2

		System 3

		System 4

		System 5

		System 6

		System 7

		System 8



		Frequency

		915-921 MHz

		915-921 MHz

		915-921 MHz

		917-920 MHz

		2.410-2.486 GHz

		5.738-5.766 GHz

		24.1 – 24.15 GHz

		61 – 61.5 GHz



		Output Power

		4 W 

		15 W 

		Up to 50 W

		1 W

		15 W

		32 W

		CW

		CW



		Antenna gain

		7 dBi

		8.24 dBi

		Not to exceed e.i.r.p.

		6 dBi

		24 dBi

		25 dBi

		#

		#



		e.i.r.p.

		20 W 

		100 W 

		300 W 

		36 dBm

		65.8 dBm

		70 dBm

		50 W

		50 W



		Modulation

		CW

		CW

		CW

		CW or Other modulation

		CW

		CW

		

		



		Bandwidth

		500 kHz

		500 kHz

		500 kHz

		200 kHz

		-

		-

		10 MHz

		10 MHz



		Beacon signals

		Other wireless systems

		Other wireless systems

		Other wireless systems

		Other wireless systems

		Other wireless systems

		Beam-WPT dedicated wireless system

		

		



		Antenna

		Wide-beam

		Wide-beam

		Wide-beam

		Wide-beam

		Beam forming

		Beam forming

		Near field beam focusing

		Near field beam focusing



		Applications

		Wireless Charging of Mobile/Portable Devices 

Wireless Powered & Charging of Sensor Networks



		Note: The technical specifications contained in this table describe some of the characteristics used in the respective studies, and are not meant to be interpreted as regulatory limits, as there may be other Beam WPT systems with higher power than those listed.



# For these units the transmitting antenna has a focal point in its near field.  As a result, e.i.r.p. is not a meaningful concept and does not act as a predictor of distant field strengths









3 Studies on the impact to the incumbent systems

	The possible incumbent systems that may require impact studies are as follows:

–	Wireless LAN (2.4 GHz, 5.6 GHz band);

–	DSRC (5.8 GHz band);

–	IMT (900 MHz band);

–	MCA (920 MHz band);

–	LPWA (920 MHz band);

–	RFID (920 MHz band);

–	Amateur radio (2.4 GHz band, 5.7 GHz band);

–	Radar (5.6 GHz band);

–	Microwave link (5.9 GHz band);

–	N-STAR (Mobile satellite communication system) (2.5 GHz band);

–	Radio astronomy (920 MHz band, 2.3 GHz band, 2.7 GHz band, 4.8 GHz band etc.), adjacent 23.6 – 24.0 GHz

–	EESS (active) (co-frequency 5 470-5 570 MHz, adjacent 5 250-5 470 MHz); 

–	EESS (passive) adjacent 23.6 – 24.0 GHz

· Amateur/Amateur-Satellite, adjacent 24.0-24.05 GHz

–	etc.

3.1	Study A

An over-the-air, distance charging transmitting device (DUT) operating between 915 MHz and 921 MHz was tested for impact to demonstrate interoperability with wireless devices and technologies operating in the same band. The DUT operates on a single channel with a bandwidth less than 400 kHz and maximum declared conducted average power of 37.4 dBm. The DUT is designed to charge other devices at a distance of up to 30 cm. Additionally, the DUT is compliant with Title 47, Chapter I, Subchapter A, Part 15 of the United States Electronic Code of Federal Regulations, which, inter alia, requires that devices cause no harmful interference and accept interference caused by the operation of an authorized radio station, by another intentional or unintentional radiator, by industrial, scientific and medical (ISM) equipment, or by an incidental radiator. 

The tests were performed in two separate rooms. The first was a real-world test performed in a regular room and on a wooden countertop where other signals were present, as illustrated in Figure 1. As an example of the types of signals present, a nearby train station regularly emits 900 MHz signals that are detectable in the room. The second room was an anechoic chamber, as described in ETSI EN 302 208 V3.1.1 (2016-11) Annex B.1.2 and as illustrated in Figure 2. This anechoic chamber was used to demonstrate whether the results found in the regular room were repeatable in a free-space environment and whether any degradation of signal was due to the noisy environment. The tests were performed in the exact same manner, detailed further below, in each room. The results from each of the tests did not have any discrepancies; as such, only one set of results is presented below. 

[bookmark: _Ref35852325]Figure 1 

Test setup in room 1, open area

[image: ]

[bookmark: _Ref35852366]Figure 2 

Test setup in room 2, anechoic chamber
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Tests were performed on the following types of wireless devices:

Table 2

Types of devices used, frequencies, and distances in Study A

		No.

		Type of device

		Frequency range (MHz)

		Distances tested (cm)



		1

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50, 70, 100 



		2

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50, 70, 100



		3

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50, 70, 100



		4

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50, 70, 100



		5

		Wireless Microphone and base station

		904.45-927.45

User Selectable

		0, 10, 30, 100, 200



		6

		Assisted listening device

		863.25-864.75 

User Selectable

		0, 10, 30, 100, 200



		7

		Assisted listening device

		904.65-926.85

User Selectable

		0, 10, 30, 100, 200



		8

		RFID reader

		903-927

Hopping

		0, 10, 30, 100, 200



		9

		RFID reader

		865-868

Hopping

		0, 10, 30, 100, 200







Cellphone. The DUT was placed 100 cm from a mobile phone simulating a desktop environment. The cell antenna, cabled to base station simulator, was placed 3 m from the DUT and mobile phone devices. A call from the mobile phone was established to the callbox in the GSM 900 Band, on a specific frequency. After the call was established, the DUT was switched on at 917.5 MHz. The charging signal was verified with a spectrum analyzer positioned in the test area. The call was monitored for 60 seconds. After which the call state was logged (call maintained, or call dropped.). The distance between the DUT and mobile phone was decreased incrementally until the mobile phone was touching the DUT, measured at 0 cm. Testing was performed using 5 different channels.

Figure 3

Cellphone impact test setup

[image: A screenshot of a cell phoneDescription automatically generated]

Figure 4 

 Other In-band device impact test set up

[image: A screenshot of a cell phoneDescription automatically generated]

The results demonstrated that all phones were able to operate without harmful interference on at least one channel and on all channels when separated by 1 m or more from the DUT.

Wireless Microphone and base station. The base-station (receiver) was placed 30 cm from the DUT, and the Microphone (Transmitter) moved through the test distances. Subsequently, the Microphone (Transmitter) was placed 30 cm from the DUT, and the Base-station (receiver) was moved through the test distances.

Setting the audio device frequency away from that of the DUT resulted in little to no harmful interference. When operating at or close to the transmit frequency of the DUT, the devices suffered harmful interference.

Assisted listening device. The Transmitter was placed 30 cm from the DUT, and the Receiver was moved through the test distances. Following this, the Receiver was placed 30 cm from the DUT, and the Transmitter was moved through the test distances.

Setting the audio device frequency away from that of the DUT resulted in little to no harmful interference. When operating at or close to the transmit frequency of the DUT, the devices suffered harmful interference.

RFID reader. For the first device, scans were performed at 903.250; 904.250; 915.250; 915.750; 920.250; 926.750; and 927.250 MHz. The software transmitting setting was set to 30 dBm. RFID tags were then placed 30 cm from the DUT. For the second, scans were performed at 865.00; 866.00; 867.00; and 868.00 MHz with default settings. RFID tags were then placed 30 cm from the DUT.

At separation distances of 1 m or greater between the DUT and RFID reader and tags, the readers worked without error.

3.2	Study B

A single client RF near-field contact charger, the device under testing (DUT), that operates when a receiving device is placed on the charger surface was tested for impact to demonstrate interoperability with other wireless devices and technologies. The DUT used Bluetooth Low Energy (BLE) to pair with the receiving device and transmitted a continuous carrier wave signal adjustable between 915 MHz and 921 MHz. The maximum declared average power was 33.0 dBm per port, with a measured ERP of 1.0 W, and EIRP of 1.64 W. The DUT is designed to charge other devices that rest on its surface. Additionally, the DUT is compliant with Title 47, Chapter I, Subchapter A, Part 15 of the United States Electronic Code of Federal Regulations, which, inter alia, requires that devices cause no harmful interference and accept interference caused by the operation of an authorized radio station, by another intentional or unintentional radiator, by industrial, scientific and medical (ISM) equipment, or by an incidental radiator.

The tests were performed in two separate rooms. The first was a real-world test performed in a regular room and on a wooden countertop where other signals were present, as illustrated in Figure 5. As an example of the types of signals present, a nearby train station regularly emits 900 MHz signals that are detectable in the room. The second room was an anechoic chamber, as described in ETSI EN 302 208 V3.1.1 (2016-11) Annex B.1.2 and as illustrated in Figure 6. This anechoic chamber was used to demonstrate whether the results found in the regular room were repeatable in a free-space environment and whether any degradation of signal was due to the noisy environment. The tests were performed in the exact same manner, detailed further below, in each room. The results from each of the tests did not have any discrepancies; as such, only one set of results is presented below. 

[bookmark: _Ref35854204]Figure 5

Test setup in room 1, open area
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[bookmark: _Ref35854212]Figure 6

Test setup in room 2, anechoic chamber
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Tests were performed on the following types of wireless devices:

Table 3

Types of devices used, frequencies, and distances in Study B

		No.

		Type of device

		Frequency range (MHz)

		Distances tested (cm)



		1

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50 



		2

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50



		3

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50



		4

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50



		5

		Wireless Microphone and base station

		904.45-927.45

User Selectable

		0, 30, 100, 200



		6

		Assisted listening device

		863.25-864.75 

User Selectable

		0, 30, 100, 200



		7

		RFID reader

		903-927

Hopping

		0, 10, 30, 100



		8

		RFID reader

		865-868

Hopping

		0, 10, 30, 100



		9

		Smart hub

		903-914

		10, 30, 100



		10

		Push button

		916

		10, 30, 100





Note: The smart hub (device no. 9) and push button (device no. 10) use LoRa technology and were tested together.

Cellphone. The DUT was placed 50 cm from a mobile phone. A call to the mobile phone was setup to the callbox in the GSM 900 band on a specific frequency. The call box antenna was placed 50 cm away from the mobile phone. A call was setup between the callbox and the mobile phone under test. Then the DUT was turned on and set to a specific frequency. The call was monitored for 60 seconds. After which the call state was logged (call maintained or call dropped.). The DUT was then moved 10 cm closer to the mobile phone and the process repeated. This was continued until the DUT was touching the mobile phone (distance = 0 cm).

No harmful interference was observed for any of the test configurations.

Wireless Microphone and base station. Four sets of tests were performed. For the first two, the base station (receiver) was placed 30 cm from the Charger, and the Microphone (Transmitter) was moved through the test distances. The DUT operated at 918 MHz for the first test, then 917.5 MHz for the second. For the third and fourth tests, the Microphone (Transmitter) was placed 30 cm from the Charger, and the base station (receiver) was moved through the test distances. Again, the tests were performed once with the DUT at 918 MHz then once at 917.5 MHz.

The microphone did not experience noticeable harmful interference except when it operated at 917.65 MHz; when the DUT operated at 918 MHz, this harmful interference was only experienced when the Microphone was within 30 cm of the DUT.

Assisted listening device. Four sets of tests were performed. For the first two tests, the Transmitter was placed 30 cm from the Charger, then the Receiver moved through the test distances. The DUT operated at 918 MHz for the first test, then 917.5 MHz for the second. For the third and fourth tests, the Receiver was placed 30 cm from the Charger, then the Transmitter was moved through the test distances. Again, the tests were performed once with the DUT at 918 MHz then once at 917.5 MHz.

The tests show that the assisted listening device was not affected by the DUT due to the frequency offset between the two devices.

RFID reader. The first device, scans were performed at 903.250; 904.250; 915.250; 915.750; 920.250; 926.750; and 927.250 MHz. The transmit settings was set to 30 dBm in software, and the receive was set to 0 dBm. The RFID tag was placed 30 cm from the DUT, with its operating frequencies at 918 MHz then 917.5 MHz. The second reader was set to scan at 865.00; 866.00; 867.00; and 868.00 MHz. Default settings were used for the tests. The RFID tag was placed 30 cm from the DUT, with its operating frequency set to 918 MHz.

The results show that the RFID devices operated without significant degradation at separation distances greater than 30 cm.

Smart hub with push button. The smart hub and push button were operated using default settings, with the smart hub placed 30 cm from the DUT. The results demonstrated that the smart hub with push button operated without degradation under all of the configurations assessed.

3.3	Study C

3.3.1	Radiocommunication systems and services considered in the study

This section shows the frequency and protection criteria for radiocommunication systems and considered in the study.

3.3.1.1	902-928 MHz (ISM in Region 2)
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[bookmark: _Hlk55555480]917-920 MHz (non-ISM) radiocommunication systems and services considered in the study show Table 4.

TABLE 4

917-920 MHz (non-ISM) radiocommunication systems and services considered in the study

		System

		Frequency

		Protection criterion

		References



		Digital MCA Service

		930 MHz – 940 MHz (up)

		TBD

		−108.8 dBm/MHz 
(in band)

−51 dBm (out of band)

ARIB*1 STD-T85

(Japan)



		

		940 MHz – 945 MHz 
(down)

		

		



		Advanced MCA Service

		895 MHz – 900 MHz 
(up)

		−110.8 dBm/MHz (in band)

−44 dBm (out of band, 12.5 MHz separation)

		3Gpp TS36 104 ｖ8.3.0 (2008-9)



		

		850 MHz – 860 MHz
(down)

		−119 dBm/MHz (in band)

−43 dBm (out of band, modulation)

−15 dBm (out of band, CW)

		3Gpp TS36 104 ｖ8.3.0 (2008-9)



		LTE-A (Band 8)

		900 MHz – 915 MHz 
(up)

		−110.8 dBm/MHz (in band)

−44 dBm (out of band, 12.5 MHz separation)

		3Gpp TS36 104 ｖ8.3.0 (2008-9)



		

		945-960 MHz (down)

		−119 dBm/MHz (in band)

−43 dBm (out of band, modulation)

−15 dBm (out of band, CW)

		3Gpp TS36 104 ｖ8.3.0 (2008-9)



		RFID (Passive)

		916.7 MHz – 923.5 MHz

		TBD

		−81 dBm/MHz (in band)

−30 dBm (out of band, 2 MHz separation)

ARIB STD-T106

ARIB STD-T107

(Japan)



		RFID (Active)

		915.9 MHz – 929.7 MHz

		TBD

		−127 dBm/MHz (in band)

−80 dBm (out of band)

ARIB STD-T108

(Japan)



		Radio astronomy

		1 400 MHz – 1 427 MHz

		−197.4 dBm/MHz

		ITU-R RA.769-2



		*1: Association of Radio Industries and Businesses (https://www.arib.or.jp/english/)







3.3.1.3	2 400-2 500 MHz (ISM)

3.3.1.4	2 410-2 486 MHz (non-ISM)

2 410-2 486 MHz (non-ISM) radiocommunication systems and services considered in the study show Table 5.

TABLE 5

2 410-2 486 MHz (non-ISM) radiocommunication systems and services considered in the study 

		System

		Frequency

		Protection criterion

		References



		Wireless LAN 

		2 400 MHz – 2 497 MHz

		−92 dBm (co channel)

−66 dBm (adjacent channel),

−50 dBm (alternate adjacent channel)

		IEEE Std.802.11-2016



		Premises radio 

		2 400 MHz – 2 483.5 MHz

		TBD

		−98 dBm

(including 11 dBi antenna gain)

ARIB RCR STD-1

ARIB RCR STD-29

(Japan)



		Unmanned mobile image transmission system (Wireless system for drones and other unmanned vehicles)

		2 483.5 MHz – 2 494 MHz

		TBD

		−98 dBm (co channel)

−72 dBm (adjacent channel),

−56 dBm (alternate adjacent channel)

(including 6 dBi antenna gain)

Report on MIC Advisory No. 2034

(Japan)



		Geostationary Mobile Satellite Service

		2 500 MHz – 2 535 MHz

		TBD

		−124.9 dBm/MHz (in band)

−41 dBm

(out of band, 10-25 MHz separation)

Report on MIC Advisory No. 2032

(Japan)



		Non-Geostationary Mobile Satellite Service

		2 483.55 MHz – 2 500 MHz

		TBD

		−119.4 dBm/MHz

Report on MIC Advisory No. 82

(Japan)



		Broadcasting Service: Field Pickup (FPU) 

		2 330 MHz – 2 370 MHz

		TBD

		−102 dBm/MHz

(mobile relay Uplink)

Report on MIC Advisory No. 2024

(Japan)



		Radio astronomy

		2 695 MHz

		−187 dBm/MHz

		ITU-R RA.769-2



		Amateur radio

		2 400 MHz – 2 450 MHz

		TBD

		−110.83 dBm/MHz

JARL*2 requirement



		*2: The Japan Amateur Radio League, Inc. (https://www.jarl.org/English/0-2.htm)







3.3.1.5	5 470-5 770 MHz (ISM)

[bookmark: _Hlk55555627]3.2.1.6	5 738-5 766 MHz (non-ISM)

5 738-5 766 MHz (non-ISM) radiocommunication systems and services considered in the study show Table 6.

TABLE 6

5 738-5 766 MHz (non-ISM) radiocommunication systems and services considered in the study 

		System

		Frequency

		Protection criterion

		References



		Wireless LAN (W56)

		5 470 MHz – 5 730 MHz

		−63 dBm (adjacent channel),

−47 dBm (alternate adjacent channel)

		IEEE Std.802.11-2016



		Dedicated Short Range Communication (DSRC)

		5 770 MHz – 5 850 MHz

		TBD

		−42 dBm
(class-2, spurs response rejection),

−100 dBm (class-2)

ARIB STD-T75

(Japan)



		Broadcasting Service: Studio to Transmitter Link (STL) & Transmitter to Transmitter Link (TTL)

		5 850 MHz – 5 925 MHz

		TBD

		−101.6 dBm
(equivalent thermal noise level)

ARIB_STD-B22

(Japan)



		Broadcasting Service: Field Pickup (FPU) & Transmitter to Studio Link (TSL) systems

		5 850 MHz – 5 925 MHz

		TBD

		−89.4 dBm
(FPU fixed relay station)

ARIB STD-B33

(Japan)



		Unmanned mobile image transmission system (Wireless system for drones and other unmanned vehicles)

		5 650 MHz – 5 755 MHz

		TBD

		−98 dBm (in-band),

−72 dBm (adjacent channel),

−56 dBm (alternate adjacent channel)

Report on MIC Advisory No. 2034

(Japan)



		Weather radar

		5 250 MHz – 5 372.5 MHz

		−120 dBm (noise), −40 dBm (CW)

		ITU-R M.1849-2



		Radio astronomy

		4 700 – 5 140 MHz, 3 000 MHz – 14 000 MHz

		−187 dBm/MHz

		ITU-R RA.769-2



		Amateur radio

		5 650 MHz – 5 850 MHz

		TBD

		−110.83 dBm/MHz

JARL requirement







3.3	Study D

3.3.1	Radio services considered in the study

This section shows the frequency and protection criteria for systems and considered in the study.  This study deals with use of segments the longstanding ISM bands at 24.0-24.250 GHz and 61.0- 61.5 GHz for beam WPT.  Because of the small wavelength in these bands, multiple element antennas have modest size and can effectively focus power on the intended destination with absorption of the transmitted power exceeding 90% of the transmitted power.  

3.3.2	Considerations for 24.1 – 24.15 GHz and 61.0- 61.5 GHz in USA

In USA these two bands are identified for ISM use with explicit out-of-band emission limits.  For transmitter powers less than 500 W, these limits are 25 V/m at 300m measured over a 1 MHz bandwidth.  

The technology being considered at these frequencies involves close to CW transmission.  The maximum 10 MHz bandwidth comes from three sources: phase noise of the frequency source, incident random phase modulation on the transmitted signal from continuous minor adjustments of the phase shifters in the antenna elements to maintain focus on the intended destination, and low index modulation of the CW carrier for communications between the transmitter and power destination used to both maintain a tight focus of the band on the destination and to implement active safety features that decrease power when an object or a human or pet approach the high pfd volume near the intended destination.



ITU-R RS.2017-0(08/2012) gives the interference criteria for satellite passive remote sensing.  For the passive band in 23.6-24 GHz that is near the 24.1-24.15 GHz band being considered for WPT the maximum interference level from all sources is -166 dBW measured over 200 MHz and the percentage of area or time permissible interference level may be exceeded is 0.01%.  The closest passive band to 61.0-61.5 GHz that is protected by 5.340 is the 52.6 - 54.25 GHz allocation to EARTH EXPLORATION-SATELLITE (passive) and SPACE RESEARCH (passive) which is 6.75 GHz away or 11% of the ISM band lower frequency.  This is presumed to be too far away for out-of-band emissions to be of concern for a near CW signal.  But the much closer spacing between 23.6-24 GHz passive band and the 24.1-24.15 GHz band being considered for WPT is discussed below.



3.3.3	Impact of 24.1 – 24.15 GHz beam WPT on 23.6-24 GHz passive allocation

Well-designed wireless power transfer devices operating in the 24GHz band do not pose an interference issue to EESS passive satellites. Their operation differs markedly from the operation of other radio devices such as vehicular radar systems or 5G IMT transmitter operating in the vicinity of the 23.6-24GHz band because well-designed, focusing WPT devices are different in the following ways: (1) unlike the others, WPT devices are operated indoors – if not exclusively – in the vast majority of practical use cases (e.g. in homes, offices, and commercial buildings). (2) The signal is a very narrow-band, essentially unmodulated CW signal, as no or insignificant data is being transmitted, unlike for typical radio applications. Finally, (3) these systems use technology related to phased arrays to focus power close to the antenna in order to operate efficiently as a device to transfer wireless power. As a result, the spatial distribution of potential OOBE power is narrowly limited and makes it unlikely that any given device in the viewing points at the satellite receiving antenna. 

To estimate the power reaching a satellite, we perform the following calculation:



where

		Parameter

		Description

		Assumed value



		

		EIRP OOBE emission at 24GHz band-edge, integrated over 1MHz, in dBm

		-27dBm (value allowable in USA for ISM devices)



		-30dB

		Conversion from dBm to dBW

		Factor 1,000 = 30dB



		

		Free space pathloss

		 at 850km (without atmospheric absorption)



		

		Maximum EESS (passive) satellite antenna gain

		40 dB to 52dB



		

		Loss from building absorption due to indoor use case

		25dB



		

		Number of devices in the satellite viewing area

		Varies



		

		OOBE roll-off factor due to narrow-band emission over 200MHz (from 24GHz band-edge to 23.8GHz)

		-4.1dB

Roll-off is higher from 23.6-23.8GHz



		23dB

		Bandwidth adjustment from 1MHz resolution BW (typically used for equipment authorization) to 200MHz 

		Factor 200  = 23dB



		

		Beamwidth factor due to narrow beamwidth of WPT device

		3.3o WPT beam angle translates to -30.8dB (area ratio of 3dB beamwidth solid area over total spherical area) 







To provide additional detail, the surface area on a sphere of a conical cap of width is given by 



where  is the (beam-width) angle (to wit: for  the factor is ½ which is half the area of a sphere). The WPT 3dB beam-width for a device using 256 antenna elements is 3.3o, resulting in a factor of 0.000829 or 30.8dB attenuation as most devices will not be pointing at the satellite where OOBE is strongest).

The roll-off factor LBW is the effective attenuation of the OOBE emission over the 200MHz BW as OOBE emissions roll-off as the inverse of the square of the offset frequency in the region of interest. Since the OOBE is expected to be most severe at the band-edge at 24GHz, it has to be met there (in a 1MHz BW typically for regulatory requirements),  but rolls off due to its origin from oscillator phase noise.

Building loss occurs because the signal will experience appreciable attenuation inside the building as it’s reflected and transmitted through walls, ceilings, floors and furniture. Estimates here are based on data in P.2040-1. As the devices typically operate looking downwards, and as the viewing angle from the satellite is typically at a range of 45o-55o, we assume that 2-3 reflections/transmission have to occur resulting in a conservatively estimated loss of 25dB.

Free-space path loss is given by  or 178.5dB for a path of 850km and a wavelength of 1.27cm, conservatively ignoring atmospheric absorption. 

Assuming 1,250 devices per square kilometer (a very large number of devices!), an EESS passive satellite receive antenna gain of 52dB (in the worst case), a viewing area of 216km2 (resulting in N=270,000 devices in the area), and a maximum OOBE power of -27dBm EIRP produced by the WPT devices, using the above calculation, we estimate an interference signal strength of 



at the satellite in the 23.8-24GHz band in this worst case compliant with RS.2017 limits. 

Thus, we believe that well-designed, narrow-band, focusing WPT devices for indoor use do not pose an interference risk to EESS passive satellites.  



3.3.4	Human hazard issues for 24.1 – 24.15 GHz and 61.0- 61.5 GHz WPT

Technology being considered for these bands used phased array multiple element beams to focus power on a small area for efficient power transfer.  This creates a high power flux density (pfd) at and near the power receiving area that could violate applicable safety standards.  This situation is avoided by active measures that detect the presence of objects near the high pfd volume and reduces or ceases power transmissions when such objects are detected.

The strategy being followed is to make sure applicable safety standards are met: Systems will employ multiple, independently operating and independently testable safeguards that will ensure that exposure requirements are met. Examples of these are the ability to evaluate the orientation of the device being charged, including whether it is moving, fixed, or set on a stable surface; the ability to passively sense nearby movement and beam interruption; and the ability to detect Doppler signals from the device being charged or people that are moving. In this way, the distances between the beam, the charging device, and any people located in the vicinity can be calculated in milliseconds, ensuring that the power transfer will cease before a person enters the path of a beam. These independent safety features are all native to the WPT system, meaning that they are inherent in the function of the beam formation apparatus of the WPT system.

3.3.52	Summary of the studies on the impact of beam WPT on radio services

This section summarizes study results on the impact of beam WPT per each proposed operation frequency range to radiocommunication services and systems considered.

3.3.52.1	Studies in Japan

A study on the impact of Beam WPT technologies operating in 920 MHz band, 2.4 GHz band, and 5.7 GHz band to the incumbent radiocommunication systems and services was performed in Japan in 2020 for the purpose of new rulemaking. Summary is described below.

System parameters used for the study are shown in Table 7. Detailed results are found in Annex 2.

TABLE 7

Expected specifications of beam WPT commercial systems in 2020 (Step 1)

		System

		System 1

		System 2

		System 3



		Spec.

		Frequency

		920 MHz band

(915-930 MHz)

		2.45 GHz band

(2.40-2.499 GHz)

		5.7 GHz band

(5.470-5.770 GHz)



		

		Output Power

		1 W

		15 W

		32 W



		

		Antenna gain

		6 dBi

		24 dBi

		25 dBi



		

		e.i.r.p.

		36 dBm

		Max. 65.8 dBm

		Max. 70 dBm



		

		Modulation

		Not specified

		NON

		NON



		

		Place of use

		Indoor

		Indoor

		Indoor







The standard wall loss is defined in Section 3 of Recommendation ITU-R P.2109-1 “Prediction of building entry loss” and can be calculated using the Building entry loss model. is there.

Since the passage loss value depends on the outer wall material, the model offers two types of outer wall "Thermally efficient" that uses heat shield and heat insulating material with high electromagnetic wave reflection characteristics and "Traditional" that does not use them. , It is possible to find the median loss. The calculation formula of the loss model is shown below. Moreover, since the loss also depends on the frequency, the formula also considers the frequency dependence.
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 in the calculation formula is the median path loss, r, s, and t are the constants shown in Table 4.2, and f is the path frequency (GHz). Table 4.3 shows the calculation results for the representative frequencies of the three frequency bands used in the spatial transmission wireless power transmission system.

The "Thermally efficient" model has a large loss of about 15 dB compared to "Traditional", but it is unlikely that heat insulating and heat insulating materials are used for all outer walls, so the pathing loss to be used is. The examination was based on the value of the "Traditional" model.

Table 8

Constants used for loss model in ITU-R P.2109-1

		Item

		r

		s

		t



		Traditional

		12.64

		3.72

		0.96



		Thermally efficient

		28.19

		–3.00

		8.48





Table 9 

Calculation results for the three frequency bands used in beam WPT

		Item

		920 MHz

		2 450 MHz

		5 750 MHz



		Lh (Traditional)

		12.5 dB

		14.2 dB

		16.0 dB



		Lh (Thermally efficient)

		28.3 dB

		28.3 dB

		30.8 dB





Table 10 

Wall loss used for of the studies on the impact of beam WPT

		Item

		920 MHz

		2.4 GHz

		5.7 GHz



		Wall loss

		10.0 dB

		14.0 dB

		16.0 dB







Radiocommunication services and systems considered for the study were shown below.

–	920 MHz band (915-930 MHz)

•	Digital MCA (Multi-Channel Access radio system): Relay station and mobile station

•	MCA (Multi-Channel Access radio system): Mobile station 

•	MCA (Multi-Channel Access radio system): Base station

•	Mobile communication system (LTE): Base station and mobile terminal station

•	RF-ID system

•	Radio astronomy

–	2.4 GHz band (2.400-2.499 GHz)

•	Wireless LAN systems

•	Premises Radio Stations and Specified Low Power Radio Stations

•	Unmanned mobile image transmission system (Wireless system for drones and other unmanned vehicles)

•	Mobile satellite communication system: N-STAR 

•	Mobile satellite communication system: Globalstar

•	Broadcasting: Field Pickup Unit (FPU) system

•	Radio beacon

•	Radio astronomy

•	Amateur radio

–	5.7 GHz band (5.470-5.770 GHz)

•	Wireless LAN systems

•	Dedicated Short Range Communication (DSRC) system

•	Broadcasting Service: Studio to Transmitter Link (STL) & Transmitter to Transmitter Link (TTL) systems

•	Broadcasting Service: Field Pickup (FPU) & Transmitter to Studio Link (TSL) systems

•	Unmanned mobile image transmission system (Wireless system for drones and other unmanned vehicles)

•	Weather radar

•	Radio astronomy

•	Amateur radio

For the WPT systems intended the operation 920 MHz band, the system parameters assumed for the impact study (See Table 4.1) were compliant with the radio regulation including transmission intervals for the RF-ID systems currently operated in the same frequency range. Minimum separation distances were derived in accordance with the Beam WPT characteristics for the case geographical separation distance is necessary to regulate. In addition, Monte-Carlo system-level simulation was performed to assess interfering likelihood from Beam WPT to LTE and MCA mobile communication networks. Furthermore, a comprehensive Beam WPT management rule regarding WPT operation environment and WPT radio frequency EMFs was defined and can be applied specific use cases using the band to abide by Radio-Radiation Protection Guidelines. Thus, required technical requirements and operational conditions (See Annex [2] for details) not to cause harmful impact to the existing systems and services were determined.

For the Beam WPT systems intended for the operation in 2.4 GHz band and 5.7 GHz band, the study was conducted with the system parameters (See Table 4.1) to determine required technical requirements and operational conditions under the current radio regulation including frequency allocation and operational conditions. Study results in 2.4 GHz band and 5.7 GHz band are summarized as follows:

1	A comprehensive Beam WPT management rule regarding WPT operation environment and WPT radio frequency EMFs was defined and applied to abide by Radio-Radiation Protection Guidelines. 

2	Carrier sensing mechanism shall be adopted to coexist with WLAN systems and / or Specified Low Power Radio Stations. It turned out that WLAN system performance such as throughput can be maintained without harmful interference by adding carrier sensing mechanism. 

3	For radioastronomy, weather radar, and Radio Beacon services, minimum separation distances were specified.

4	For broadcasting systems, mobile satellite communication systems, and Dedicated Short Range Communication (DSRC) system, minimum separation distances were specified. In addition, operational coordination was addressed for the case Beam WPT causes harmful interference.

5	For unmanned mobile image transmission system (i.e., a wireless communication system for drones and other unmanned vehicles), studies assuming practical use cases showed that spectrum sharing without causing harmful impact was possible by operational coordination as needed between WPT systems and unmanned mobile image transmission systems.

6	For amateur radio services, Beam WPT installation conditions for spectrum sharing were specified. In addition, Beam WPT systems shall not use the frequency band for Earth-Moon-Earth (EME) systems and repeater systems. Operational coordination is undertaken between WPT systems and amateur radio systems.

3.3.52.1.1	917-920 MHz (non-ISM)

Radio characteristics example of beam WPT (non-ISM) is shown on Table 1.




(1)	Digital MCA Service

We referred to the examination in the past shared report with RFID. This is because it uses almost the same technology as RFID.

(2)	Advanced MCA Service

WPT can be shared by the control station (base station: downlink) by considering vertical directivity.

The mobile station (upstream) can be shared when both systems do not exist in the same room by Monte-Carlo simulation using the extended Hata formula (300 m or less).

In the case of the same room, the required improvement amount is about 10 dB, but it can be shared because it is expected to be attenuated by obstacles and the human body in the room.

However, regarding the use with the WPT system in the same room, the WPT users will be alerted by giving cautions to the instruction manual.

(3)	LTE-A (Band 8)

The WPT system can be shared in a general environment even when there is no transmission time limit. On the other hand, the WPT system can be shared in the management environment by limiting the transmission time (stopping transmission for 50 msec within 4 seconds of the transmission time).

(4)	RFID (Passive)

The WPT system and RFID system can be shared on the same channel if a separation distance of about 6 m is secured. If the separation distance cannot be secured, the channel can be changed or sharing by shielding with a wall.

(5)	RFID (Active)

The WPT system can be shared by operating in accordance with the RFID band operation rules.

(6)	Radio Astronomy

The separation distance was calculated with free space loss model to be 37.5 km using the spurious ability value (-60.5 dBm / MHz). The WPT system has set that distance from radio astronomy as a restricted installation area.

3.3.2.1.2	2.410-2.486 GHz (non-ISM)

Radio characteristics example of beam WPT (non-ISM) is shown on Table 1

(1)	Wireless LAN

The simulation using the carrier sense mechanism on the beam WPT system was conducted to study the impact to the Wi-Fi devices located outside of the WPT controlled environment. The decline of the throughput of those Wi-Fi devices could be suppressed with appropriate parameters of carrier sense mechanism, compared with the case when another Wi-Fi AP was operated at the same location instead of the beam WPT inside the WPT controlled environment.

(2)	Premises Radio

Within the beam WPT controlled environment the operation of the premises radio can be managed and controlled by the same operator as for the beam WPT. Moreover, within the 84.9 m from the beam WPT location it can be suppressed the transmission with the carrier sense mechanism when premises radio is transmitting.

(3)	Unmanned mobile image transmission system

In the study separation distance was calculated with extended Hata model and it is 3.6 km on co channel from the beam WPT to the Unmanned mobile image transmission system outdoor. However, since the system is usually operated outside the cities and the usage time and places are planned, the harmful interference can be avoided by the coordination procedure.

(4) 	Geostationary Mobile Satellite Service

In the study separation distance was calculated with worst case scenario of out of band interference, where antenna directivity direction of the GEO MSS receiver was perfectly matched to the beam direction of the beam WPT. It is 30 m in the northern part of Japan. With the separation distance and coordination procedure if necessary, harmful interference can be avoided.

(5) 	Non-Geostationary Mobile Satellite Service

In the study separation distance was calculated of in band interference with extend Hata model and it was 0.96 km. Since Non-Geostationary Mobile Satellite Service is generally used in the location where cellular mobile system cannot be reached in Japan and the beam WPT does not possibly exist, the harmful interference can be avoided. 

(6) 	Broadcasting Service: Field Pickup

In the study separation distance was calculated in various scenarios and systems and with the antenna directivity it does not cause harmful interference with 10 m separation distance outside the WPT controlled environment. 

(7) 	Radio Astronomy

In the study separation distance was calculated for each radio astronomy site operating 2 695 MHz considering clutter loss. The separation distances are 5.7 km or 1.6 km depending on the environment of the site. To avoid the harmful interference to radio astronomy restricted area around the sites are set with those separation distances.

(8) 	Impact study for Radio Amateur

In the study separation distance was calculated considering clutter loss. 2 out of 4 frequencies of beam WPT are co-channel with Radio Amateur, which need 4.4 km separation distance with 18 dBi Radio Amateur antenna. Considering antenna directive loss and using adjacent band if necessary, the harmful interference can be avoided. 

3.3.2.1.3	5.738-5.766 GHz (non-ISM)

Radio characteristics example of beam WPT (non-ISM) is shown on Table 1

(1) 	Wireless LAN

Simulation was conducted to study the impact of the beam WPT system to the Wi-Fi system that operate outside the WPT controlled environment. When carrier sense mechanism with appropriate parameters was applied to the beam WPT system, the impact to the Wi-Fi throughput was equivalent to the case when another Wi-Fi system existed instead of the beam WPT system.

(2) 	Dedicated Short Range Communication (DSRC)

Study on separation distance was made for the worst case scenario, where antenna directivity of the DSRC system perfectly matched to the beam direction of the beam WPT system. The separation distance was calculated with free space loss model to be 2.6 km from the beam WPT system to the DSRC Class 2 base station. Propagation loss due to building wall and directivity loss of DSRC antenna can be expected to further avoid harmful interference.

(3) 	Broadcasting Service: Studio to Transmitter Link (STL) & Transmitter to Transmitter Link (TTL)

Separation distance was calculated with free space loss model to be 836 m for out band noise signal from the beam WPT to the STL/TTL base station. When difference in height is more than 5 m, 20 dB of directivity loss of STL/TTL antenna can be expected to further avoid harmful interference.

(4) 	Broadcasting Service: Field Pickup (FPU) & Transmitter to Studio Link (TSL) systems

Separation distance was calculated to be 80 m for out band noise signal from the beam WPT to the FPU base station. When difference in height is more than 25 m, more than 14 dB of directivity loss of FPU antenna can be expected to further avoid harmful interference.

Separation distance was calculated with free space loss model to be 1 485 m for out band noise signal from the beam WPT system to the TSL base station. When difference in height is more than 7 m, 20 dB of directivity loss of STL/TTL antenna can be expected to further avoid harmful interference.

(5) 	Unmanned mobile image transmission system

Separation distance was calculated with free space loss model to be 23 km on co-channel and 185 m on the alternate adjacent channel from the beam WPT system to the unmanned mobile image transmission system outdoor, respectively. However, since the system is usually operated outside the cities and the usage time and places are scheduled, harmful interference can be avoided by such as coordination procedure.

(6) 	Weather radar

Separation distance was calculated with free space loss model to be 3 308 m for out band noise signal from the beam WPT system for each weather radar site. To avoid the harmful interference, separation distance should be kept.

(7) 	Radio Astronomy

Separation distance was calculated with free space loss model to be 1.1 km or 1.7 km for 4 995 MHz and 10 650 MHz radio astronomy sites. To avoid the harmful interference, separation distance should be kept.

(8) 	Impact study for Radio Amateur

Separation distance was studied considering clutter loss. The calculated separation distance with free space loss model was 1.5 km and 262 m for 30 dBi and 15 dBi Radio Amateur antennas, respectively. Antenna directivity and coordination procedure can avoid harmful interference.

4	Human hazard issues

Human exposure to electromagnetic fields (EMF) is addressed by a number of regulatory agencies as well as international expert organizations such as the World Health Organization (WHO), the Institute of Electrical and Electronics Engineers (IEEE), and the International Commission on Non Ionizing Radiation Protection (ICNIRP). The determination of EMF safety limits is addressed by these groups and are not in the scope of ITU-R’s work. There are a number of different guidelines on human exposure to EMF that have been published by these organizations, across several frequency ranges. These guidelines include: ICNIRP guidelines of 1998, 2010, and 2020 and IEEE C95.1-2019 - IEEE Standard for Safety Levels with Respect to Human Exposure to Electric, Magnetic, and Electromagnetic Fields, 0 Hz to 300 GHz. Many Administrations have or may at some point adopt these guidelines or modified/updated guidelines based on their own experts’ studies. System designers, manufacturers, and operators of WPT equipment should consider steps to adequately protect the public from the hazardous effects of EMF and should consider these limits in their planning and deployment of WPT systems. 

[bookmark: _Hlk54011570]Unlike non-beam WPT, beam WPT in the practical implementation would employ microwave transmission systems using 920 MHz band, 2.4 GHz band, and 5.7 GHz band to transmit the power. Microwaves may be beamed from an antenna, by way of point-to-point or point-to-multipoint, over a distance of several meters or more. Unlike wireless communication uses, the level of transmitted electromagnetic power required for commercial implementation of beam WPT could be greater to some extent or substantial. It is deemed appropriate that a human (including medical devices) exposure to beam WPT EMF should be assessed and managed with additional measures to be compliant with the current guidelines in the beam WPT planning and operation.

To cope with above-mentioned unique and standing technical requirements, some current beam WPT implementations are considering adoption of human body detection mechanisms in the area with expecting greater RF exposure than the guidelines to cease power transmission and / or steer the power beam direction when detected. To facilitate implementation such technical measures and ensure compliance with the guidelines, study on regulatory environmental conditions for beam WPT is also undertaken in some administrations. See Annex 1 for details.

5	Summary

[Editor’s note: The following text summarizes the results of Studies A and B. A paragraph summarizing the results of study C is expected to be provided at the next meeting of WP 1A.]

The studies presented in this document demonstrate that the impact of Beam WPT systems on other wireless devices and technologies depends on factors such as the output power of the beam WPT, the distance between devices, and whether the same operating frequencies are being used. For Beam WPT systems operating in the 915-921 MHz band, results from the studies demonstrate that in most cases their operation is feasible and causes little to no interference to the following types of devices: IMT user terminals, wireless microphones and base stations, assisted listening devices, RFID readers, door/window sensors, smart hubs, and smart power outlets.






Annex 1

RF exposure environmental control to comply with 
the Radio Protection Guidelines

1	Beam WPT installation environments

[bookmark: _Hlk53586123]Information and Communication Council of the Ministry of Internal Affairs and Communication (MIC) of Japan defined the WPT indoor installation environments by the names of the WPT controlled environment  and the WPT general environment  to manage and control radiofrequency EMF exposure generated from the beam WPT system to human bodies in the operation of Japanese 920 MHz band (915-930 MHz), 2.4 GHz band (2.400-2.499 GHz), and 5.7 GHz band (5.470-5.770 GHz) to comply with their Radio Protection Guidelines (the Guidelines, thereafter) as follows. 

1.1	WPT controlled environment

The WPT controlled environment is summarized as shown below: 

–	It is categorized as indoor and closed space for beam WPT operation

[bookmark: _Hlk53592657]–	In the environment, WPT radio frequency EMF levels meet the allowable range specified for the controlled environment in the Radio Protection Guidelines.  (Power transmission shall be ceased when detecting an individual entering the area where EMFs surpass the limits of the controlled environment specified in the Guidelines.)

–	When a beam WPT system is operated in the WPT controlled environment, for the purpose of avoiding and mitigating harmful effect to other radiocommunication systems,  the WPT system installation personnel, the WPT system operator, the WPT licensee, and other authorized personnel shall be able to manage and control the use of other radiocommunication systems and device installation conditions in an integrated manner. 

–	When the concerned WPT controlled environment is bordering other indoor space (e.g., side-by-side rooms or upper-and-lower floors), WPT radio frequency EMF levels shall meet the allowable range of specified spectrum sharing conditions with the other  radiocommunication systems even in those indoor spaces, or the identical WPT manager to the concerned indoor WPT controlled environment shall be able to manage the coordinated spectrum sharing in the integrated manner. (This clause is applied to the 2.4 GHz and 5.7 GHz bands operation only)

1.2	WPT general environment

The WPT general environment is one of the categories of WPT indoor installation environment and means a WPT use environment that does not fulfil the definition of the WPT controlled environment. (e.g., wireless power transmission to quality management sensors in a logistics warehouse (920 MHz band application only), wireless power transmission to observation sensor devices in an elder nursing care facility (920 MHz band application only). 

2	Compliance with the Radio Protection Guidelines

2.1 	Separation distance

To comply with the radio frequency EMF exposure requirements in the Radio Protection Guidelines, the following separation distances were derived and specified.

Table [A-01-1 ]

Separation distances to meet the RF exposure limits of the Radio Protection Guidelines

		

		Environmental condition defined in the Radio Protection Guidelines

		Reflection coefficient
K = 1(*1)

		Reflection coefficient
K = 2.56(*2)

		Reflection coefficient
K = 4(*3)

		Adding 6 dB to EMF 
strength(*4)



		

		

		

		

		

		Reflection coefficient
K = 2.56

		Reflection coefficient
K = 4



		920 kHz band

		Controlled environment

		0.102 m

		0.163 m

		0.203 m

		0.325 m

		0.4065 m



		

		General environment

		0.227 m

		0.364 m

		0.456 m

		0.727 m

		0.912 m



		2.4 GHz band

		Controlled environment

		2.45 m

		3.92 m

		4.90 m

		7.82 m

		9.80 m



		

		General environment

		5.48 m

		8.76 m

		10.95 m

		17.49 m

		21.90 m



		5.7 GHz band

		WPT controlled environment

		4.00 m

		6.40 m

		8.00 m

		12.80 m

		16.00 m



		

		WPT general environment

		9.00 m

		14.30 m

		17.80 m

		28.50 m

		35.70 m



		(*1) 	No reflections counted.

(*2) 	Reflections from the ground counted.

(*3) 	Reflections from the water surface and from those other than the ground counted.

(*4) 	6 dB is added in the case greater reflection is expected to observe due to buildings such as an office building nearby the evaluation point.  







2.2 	Directions

The beam WPT systems being considered for the operation in the 920 MHz band, the separation distance to meet the limits in the Guideline is comparatively short; and therefore, it is possible for them to operate in the WPT general environment.

Those for the 2.4 GHz band and the 5.7 GHz band assume adoption of human body detection mechanisms in the area expecting greater RF exposure than the limits of Guidelines to cease power transmission when detected. In addition, the systems are to take safety measures to ensure correct functioning of the detect and protect mechanism. Moreover, some alert such by indicating attentional area and setting a fence is conducted, too.

Beam WPT transmitters are not used at a very close proximity (within 20 cm) from the human body according to use case scenarios and also taking appropriate safety measures mentioned above. Therefore, study on specific energy absorption rate (SAR) for the human body nearby is not necessary.  




Annex 2 

Impact Studies in Japan for beam WPT

1	Introduction

This Annex provides impact studies carried out in the process toward new regulation for beam WPT systems using 920 MHz band, 2.4 GHz band, and 5.7 GHz band in Japan. The study was conducted by a working group (WG), which was established under the Advisory Board subcommittee of the Ministry of Internal Affairs and Communications (MIC), Japan. The WG consisted of technology experts and representatives in the related fields including WPT industries, intended incumbent radio systems, EMC, radio wave exposure and academia. The study results were published as a report “The technical conditions for beam WPT on the premises” after deliberation by the Advisory Board, and will be incorporated into Japanese radio regulation and guidelines for WPT operation after going through the institutionalization procedure.

[bookmark: _Hlk54356129]2	System specifications for beam WPT

[bookmark: _Hlk54605618]The system specifications for beam WPT reported in “The technical conditions for beam WPT on the premises” shown in Table ANX2-1. The system specifications System 1, Systems 2, and System 3, shown in Table ANX2-1 are supposed the first commercial systems with practical application objectives in 2020 (Step 1). 

The System 1 is mainly used in WPT for wireless-powered sensor network. The System 1 is used in indoor and controlled environment where WPT equipment is controlled by managers of factories, nursing homes and so on. The power consumption of the sensor is about several hundred mWs or less.

The System 2 and the System 3 are mainly used in WPT for small displays in addition to the application of the System 1. The System 2 and the System 3 are used in indoor and controlled environment where WPT equipment is controlled by managers of factories, plants, warehouses and so on. The power transmission to the receiver devices requires up to several watts.

[bookmark: _Hlk55778664]TABLE Anx2-1

Expecting specifications of beam WPT commercial systems in 2020 (Step 1)

		System

		System 1

		System 2

		System 3



		Spec.

		Frequency

		920 MHz band

(915-930 MHz)

		2.45 GHz band

(2.40-2.499 GHz)

		5.7 GHz band

(5.470-5.770 GHz)



		

		Output Power

		1 W

		15 W

		32 W



		

		Antenna gain

		6 dBi

		24 dBi

		25 dBi



		

		e.i.r.p.

		36 dBm

		Max. 65.8 dBm

		Max. 70 dBm



		

		Modulation

		Not specified

		NON

		NON



		

		Place of use

		Indoor

		Indoor

		Indoor







“WPT controlled environment” and “WPT general environment” are defined. “WPT controlled environment” is defined as,

–	Indoor and closed area,

–	Environment where limits of Japanese radio exposure guidelines in controllable area can be cleared, and/or the manager/administrator can cut off power transfer of beam WPT systems when limits of Japanese radio exposure guidelines in controllable area are happened to be not cleared,

–	Environment where the manager/administrator can manage and control both of beam WPT systems and incumbent radio communication services in order to avoid or reduce harmful interference from beam WPT systems.

“WPT general environment” are defined as the other environment where the above conditions cannot be met.

[bookmark: _Hlk54609297]3	Use case scenarios and conditions for Impact Studies on beam WPT

In the WG for beam WPT systems, impact to several incumbent systems are studied. Table Anx2‑2 shows the use case scenarios and conditions for Impact Studies on beam WPT systems used for impact studies.

TABLE Anx2-2

Use case scenarios and conditions for beam WPT systems

		beam WPT system

		920 MHz band

		2.4 GHz band

		5.7 GHz band



		Usage environment 

		Factory (Indoor), nursing home, etc.

		Factory (indoor), plant (indoor), warehouse, etc.

		Factory (indoor), plant (indoor), warehouse, etc.



		Application

		Charging and power supply to sensor network

		Charging and power supply to sensors, display and information devices

		Charging and power supply to sensors, display and information devices



		Number of receiving devices per one WPT transmitter

		5 to 10 devices
(Simultaneous reception)

		1 to several tens devices
(Successive or sequential reception)

		1 to several tens devices
(Successive or sequential reception)



		Power range

		Several μW to several hundreds μW

		50 mW to 2 W

		Several mW to several hundreds mW



		Power transfer distance

		Less than 5 m

		Less than 10 m

		Less than 10 m



		Coexistence with other wireless systems

		Feasible. Take appropriate interference mitigation and radio protection measures

		Feasible. Take appropriate interference mitigation and radio protection measures

		Feasible. Take appropriate interference mitigation and radio protection measures



		Power transfer while human bodies exist

		Possible to transfer under the condition that limits of national radio exposure guidelines are cleared 

		Off

		Off







Table Anx2-3, and Figures Anx2-1, Anx2-2 and Anx2-3 shows the specification of beam WPT systems used for impact studies. 

TABLE Anx2-3

Specifications of beam WPT systems used for impact studies

		

		920 MHz band

		2.4 GHz band

		5.7 GHz band



		Transmitter antenna output power 

		1W (30 dBm)

		15W (41.8 dBm)

		32W (45.0 dBm)



		Frequency channels 

		918.0, 919.2 MHz
(2 channels)

		2 412、2 437, 2 462, 2 484 MHz
(4 channels)

		5 740, 5 742, 5 744, 5 746, 5 748, 5 750, 5 752, 5 758, 5 764 MHz
(9 channels)



		e.i.r.p

		36 dBm Max.

		65.8 dBm Max.

		70.0 dBm Max.



		Tolerance of occupied bandwidth

		200 kHz

		Not specified

		Not specified



		Transmitter antenna directive gain

		6.0 dBi

		24.0 dBi

		25.0 dBi



		Location and height of transmitter antenna

		Located indoor area

		Located indoor area and set on ceiling to look down

		Located indoor area and set on ceiling to look down



		

		2.5 m above floor

		5.0 m above floor

		4.6 m above floor



		Transmitter antenna directive pattern

		Figure ANX2-1

		Figure ANX2-2

		Figure ANX2-3



		Usage environment

		Indoor

		Indoor

		Indoor



		

		WPT controlled environment
and/or WPT genral environment

		WPT controlled environment

		WPT controlled environment



		Modulation

		Not specified

		N0N

		N0N



		Propagation loss due to building wall

		10.0 dB

		14.0 dB

		16.0 dB







FIGURE ANX2-1

Transmitter antenna directive pattern for 920 MHz band

[image: ]

FIGURE ANX2-2

Transmitter antenna directive pattern for 2.4 GHz band

[image: テキスト, 地図 が含まれている画像

自動的に生成された説明]

FIGURE ANX2-3

Transmitter antenna directive pattern for 5.7 GHz band

[image: ]

4	Results of Impact Studies by the beam WPT

4.1	Summary

[bookmark: _Hlk54610074]Tables Anx2-4, Anx2-5 and Anx2-6 summarize the results of impact studies for each beam WPT band.

TABLE Anx2-4

Results of impact study for beam WPT using 920 MHz band

		Incumbent system

		Results of impact study



		Digital MCA (Multi-Channel Access radio system):
Relay station and mobile station

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by accounting the separation distance, the adjustment of setting conditions, measures to mitigate interferences and propagation loss due to building walls. 



		MCA (Multi-Channel Access radio system):
Mobile station

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference. Administrators should call attention to the possibility of interfering to MCA mobile stations in the same indoor environment. 



		MCA (Multi-Channel Access radio system):
Base station

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference.



		Mobile communication system(LTE):
Base station and mobile terminal station

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference.



		RF-ID system

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference in the condition that WPT systems comply the regulation of passive RF-ID systems.



		Radio astronomy

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by keeping the necessary separation distance.







TABLE Anx2-5

Results of impact study for beam WPT using 2.4 GHz band

		Incumbent system

		Results of impact study



		Wireless LAN system

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by adding the carrier sensing function. WPT systems should be used in "WPT controlled environment". 



		Premises Radio Station, 
Specified Low Power Radio Station

		



		Unmanned mobile image transmission system
(Wireless system for drones and other unmanned vehicles)

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference. If necessary, the operational coordination is performed between WPT systems and unmanned mobile image transmission systems. 



		Mobile satellite communication system:
N-STAR

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by keeping the necessary separation distance. If necessary, the operational coordination is performed between WPT systems and mobile satellite communication systems. 



		Mobile satellite communication system:
Globalstar

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference. If necessary, the operational coordination is performed between WPT systems and mobile satellite communication systems. 



		Field Pickup (FPU) system

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by keeping the necessary separation distance and by meeting the installation conditions.



		Radio beacon

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by keeping the necessary separation distance.



		Radio astronomy

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by keeping the necessary separation distance.



		Amateur radio

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by meeting the installation conditions. If necessary, the operational coordination is performed between WPT systems and amateur radio systems. 







TABLE Anx2-6

Results of impact study for beam WPT using 5.7 GHz band

		Incumbent system

		Results of impact study



		Wireless LAN system

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by adding the carrier sensing function. WPT systems should be used in "WPT controlled environment". 



		Dedicated Short Range Communication (DSRC) system

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by keeping the necessary separation distance. When harmful interferences happen, the operational coordination should be performed between WPT systems and DSRC systems. 



		Broadcasting Service:
Studio to Transmitter Link (STL) & Transmitter to Transmitter Link (TTL) systems

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by keeping the necessary separation distance and by meeting the installation conditions.



		Broadcasting Service:
Field Pickup (FPU) & Transmitter to Studio Link (TSL) systems

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by keeping the necessary separation distance and by meeting the installation conditions.



		Unmanned mobile image transmission system
(Wireless system for drones and other unmanned vehicles)

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by keeping the necessary separation distance or by the operational coordination between WPT systems and unmanned mobile image transmission systems.



		Weather radar

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by keeping the necessary separation distance.



		Radio astronomy

		Impact from beam WPT systems is on an acceptable level and does not cause harmful interference by keeping the necessary separation distance.



		Amateur radio

		WPT systems do not use the frequency band for Earth-Moon-Earth (EME) systems and repeater systems. The operational coordination is performed between WPT systems and amateur radio systems. 







4.2	Results of impact study for beam WPT using 920 MHz band

4.3	Results of impact study for beam WPT using 2.4 GHz band

4.4	Results of impact study for beam WPT using 5.7 GHz band

5	Regulation issues for the beam WPT

Beam WPT supplies electric power over the space intentionally by transmitting radio waves using antenna system, which is different from non-beam WPT. An Advisory Board on the effective use of radio waves in Japan considered a possible regulatory framework for beam WPT and concluded that beam WPT should be basically regulated as the “radio equipment” category as those used for radiotelegraphy, radio telephony, or any other electric equipment for the transmission or reception of radio waves because it would require frequency assignments, licensed operators and regulations to operate transmitting/receiving devices.

In implementing the regulation for beam WPT technologies, the following should be noted and taken into consideration:

–	Regulatory framework for treating beam WPT equipment as “radio equipment”, qualification category of the operator, and regulatory type of radio stations since the current regulation system has not fully envisaged WPT.

[bookmark: _Hlk11402106]–	Technical requirements for the beam WPT receiving device based on the study of impacts to other radiocommunication stations, considering high level unwanted emission even from the receiving unit in case of receiving high electric power.

–	New safety measures to protect human bodies from harmful effects of RF exposure to beam WPT radio waves, which may include human body detection when transmitting, transmission interruption, safety instruction and mechanism, and further protection measures to keep off the people from local transmission region observing higher RF exposure level than the restriction defined in the Radio Protection Guidelines.

A stepwise approach to achieve above is taken in the rulemaking process. The 1st Step studies impact to the existing radiocommunication systems; and then, it provides technical conditions intended for the use in occupational environments and/or general public environments under specified exposure control mechanisms. The Report (in Japanese) regarding the 1st Step released in July 2020 [xx] describes technical conditions operating in 920 MHz band, 2.4 GHz band, and 5.7 GHz band for the use indoors (e.g., factories) with human body protection requirements from RF exposure. The 2nd and later Steps further extend studies for the use outdoors and higher power transmission including new technology development, applications, commercialization, effective spectrum sharing, noise suppression, and etcetera.



image2.png

200em

Open Area Test Site

Wooden Tabletop

100cm 75em

50cm  40cm 30cm 20cm 10cm Ocm

Secondary

Device

Transmitter







image3.png

Anechoic Chamber

Foam Tabletop

50cm  40cm 30cm 20cm 10cm Ocm

Transmitter

Secondary
Device







image4.png

Cellphone test setup

Callbox
3m







image5.png

100cm

80cm







image6.png

E-field [dBi]

20

10

10
20
30

0
180 50 120 90 60 30 0 30 60 %0
Angle [deg.]

~—H-plane

120 150 180






image7.jpeg







image8.png

i)






image1.png








image12.emf
USWP1A23_14_rev1  - WD PDR Recommendation SM_2129 on Non-beam WPT for Mobile Portable Devices.docx


USWP1A23_14_rev1 - WD PDR Recommendation SM_2129 on Non-beam WPT for Mobile Portable Devices.docx
2	Rec.  ITU-R  SM.2129-0

	Rec.  ITU-R  SM.2129-0	3

		
U.S. Radiocommunications Sector

Fact Sheet



		Working Party:  ITU-R WP1A

		Document No:  USWP1A-23_14_FD – WD PDR Recommendation SM.2129 on Non-beam WPT for Mobile & Portable Devices



		Ref:  Recommendation ITU-R SM.2129-0 and Question ITU-R 210-3/1
 

		Date:  28 January 2021



		Document Title:  Working document towards a preliminary Draft Revision to Recommendation ITU-R SM.2129-0 - Guidance on frequency ranges for operation of non-beam wireless power transmission systems for mobile and portable devices



		Author(s)/Contributors(s):

Brandy Jo Sykes

Apple Inc.



Dan Mansergh

Apple Inc.





		

Email:  brandyjo_sykes@apple.com
Phone:  +44 (0) 7971 812 628


Email:  dmansergh@apple.com
Phone:  +1 (415) 999 8754







		Purpose/Objective: Propose additional frequencies ranges in Table 1 of the recommends 1 for wireless power transmission systems for mobile and portable devices



		Abstract:   This input contribution proposes the following frequency ranges be included in Table 1 of recommends 2 using induction technologies: 300 – 400 kHz, and 1700610 – 1800 kHz and 1860 – 2050 kHz.

[Editor’s Note: additional frequency ranges to those above may be proposed for the first draft]
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[bookmark: dbreak]Introduction: 

Recommendation ITU-R SM. 2129-0 was approved in 2019 to provide administrations guidelines for the use of frequencies by non-beam wireless power transmission applications for mobile and portable device charging. 

Background: 

Consumer demand for wireless charging devices has increased with the expansion of various mobile devices including, smartphones, tablets, and wearables.  The inclusion of additional frequency ranges for non-beam inductive WPT applications encourages global harmonization of these applications that are already on the market.  Harmonization benefits both manufacturers and consumers by enabling global use and trade of the devices.  

Since 2019, more devices have become available that use other frequency ranges than those originally included in Recommendation ITU-R SM.2129. The revisions provided in this input contribution intend to expand the frequency ranges listed in Table 1 to account for these new frequencies and emerging frequencies of interest for future non-beam WPT applications for mobile and portable devices. 

Proposal: The United States proposes Working Party 1A undertake a revision of Recommendation ITU-R SM.2129 to update Table 1 of recommends 1 to include additional frequency ranges used by non-beam WPT systems for mobile and portable devices.

Attachment: Working document towards a preliminary Draft Revision to Recommendation ITU-R SM.2129-0.





Attachment

working document towards a preliminary draft revision to RECOMMENDATION  ITU-R  SM.2129-0

Guidance on frequency ranges for the operation of non-beam 
wireless power transmission systems for mobile and portable devices

(2019)

Summary of revisions  

Additional frequency ranges for the operation of non-beam wireless power transmission systems for mobile and portable devices using induction technologies were included in Table 1 of recommends 1. 

Scope

This Recommendation provides guidelines for the use of frequency ranges for the operation of non-beam wireless power transmission (WPT) for charging mobile and portable devices. 

Keywords

Wireless power transmission, short-range devices, ISM, non-beam, mobile, portable

Abbreviations/Glossary 

CISPR:	In French “Comité International Spécial des Perturbations Radioélectriques”, 
International Special Committee on Radio Interference

ICNIRP:	International Commission on Non‑ionizing Radiation Protection

IEC:	International Electrotechnical Commission

ISO:	International Organization for Standardization  

ISM:	Industrial, Scientific, Medical 

RR:	Radio Regulations

WHO:	World Health Organization

WPT:	wireless power transmission

Related ITU Recommendations, Reports

Recommendation ITU-R SM.1056; Recommendation ITU-R SM.1896; Report ITU-R SM.2153; Report ITU-R SM.2303; Report ITU-R SM.2449-0

The ITU Radiocommunication Assembly,

considering

a)	that wireless power transmission (WPT) is defined as the transmission of power from a power source to an electrical load wirelessly using the electromagnetic field; 

b)	that WPT technologies utilize various mechanisms, such as transmission via radio frequency radiated transmissions in the far field (WPT beams) and near-field inductive, resonant and capacitive coupling (WPT non-beam);

c)	that such WPT technologies are used in applications to charge mobile and portable devices;

d)	that there is potential consumer demand for WPT technologies and associated applications used for mobile and portable devices;

e)	that WPT standards are currently being developed at national, regional and international levels;

f)	that industrial alliances, consortia, and academia have investigated several frequency bands for WPT technologies, including magnetic resonant and induction technology for mobile devices in several frequency ranges;

g) 	that for the purposes of WPT studies the standard frequency and time signal and the radio astronomy services are to be treated as radio communication service;

h)	that studies have been conducted on the impact of non‑beam WPT applications for mobile and portable devices to radiocommunication services in the frequency ranges 100-148.5 kHz and 6 765‑6 795 kHz;

i)	that as more WPT devices proliferate globally, ITU-R is developing guidance to minimize the impact of using WPT technologies on radiocommunication services including the standard frequency and time signal service and the radio astronomy service;

j)	that the WPT devices should not cause interference to radiocommunication services in any frequency band;

k)	that to mitigate the impact of WPT devices on the operation of radiocommunication services some solutions utilize frequency bands designated for Industrial, Scientific, Medical (ISM) applications;

l)	that issues of non-ionizing radiation exposure are dealt with by international organizations such as the World Health Organization (WHO), the International Commission on Non‑ionizing Radiation Protection (ICNIRP), and International Electrotechnical Commission TC106, and that ICNIRP 2010 provides guidelines for limiting exposure (up to 10 MHz), and ICNIRP 1998 provides Guidelines for limiting exposure (up to 300 GHz),

recognizing

a)	that WPT is not a radiocommunication service and has no status in the Radio Regulations (RR), but may be regarded as subject to Nos. 15.12 or 15.13 as the case may be; 

b)	that the criteria to protect various radiocommunication services from harmful interference are specified in existing ITU-R Recommendations;

c)	that both consumers and manufacturers may benefit from harmonized frequency ranges and technical conditions for WPT technologies;

d)	that frequency bands designated for ISM applications have been successfully used in the past for development and proliferation of innovative technologies in accordance with the RR;

e)	that the band 6 765-6 795 kHz, which is designated for ISM use under RR No. 5.138 has been found to have advantages for WPT using magnetic resonance technologies in applications of charging of mobile/portable devices;

f)	that some administrations classify the non-beam WPT energy transfer as an ISM application, even for operation outside bands designated for ISM use;

g)	that some administrations classify non-beam WPT systems as radio applications such as Short-Range Devices;

h)	that some non-ISM bands are taken into consideration for the global or regional harmonized use of specific WPT applications;

i)	that the WPT energy transfer can be treated separately from data communications, especially when the receiving device receives data communications at a frequency different from that for the energy transfer; 

j)	that in the absence of a load, the WPT shuts off and only periodically polls or searches for the load, with very low duty cycle; 

k)	that for non-beam WPT, the radiated power is much lower than RF power transferred (most power is transferred to the receiver through mechanisms such as capacitive, resonant and inductive coupling); 

l)	that Recommendation ITU-R SM.1056 on the limitation of radiation from ISM equipment recommends that administrations consider the use of the latest edition of CISPR publication 11, and that these limits do not necessarily protect radio communication services,

noting

that the International Electrotechnical Commission (IEC) has published a Technical Report IEC/TR 62869 on Wireless Power Transfer for audio, video and multimedia systems and equipment developed by TC 100,

recommends

1	that administrations should consider as a guideline the use of the frequency ranges, or portions thereof, listed in Table 1 below for the operation of non-beam WPT systems for mobile and portable devices;

2	that necessary steps should be taken to ensure that non-beam WPT applications and equipment do not cause harmful interference to radiocommunication services, including the standard frequency and time signal service and the radio astronomy service, so that these remain protected from radio frequency energy emanating from WPT equipment and falling into all bands.

TABLE 1

Frequency ranges for operation of non-beam WPT systems for mobile and portable devices

		Frequency range

		Non-beam WPT technologies



		6 765‑6 795 kHz
Note: See RR No. 5.138

		Magnetic resonant technology



		100-148.5 kHz

		Inductive technology



		300-400 kHz

		Inductive technology



		1700-1800 kHz

		Inductive technology
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As of 26 January 2021

TU-R Study Group HOD

Study Period 2020-2023



		Group

		US Chair/HoD

		Email



		Study Group 1

		Shelli Haskins; Allen Yang

		shaskins@ntia.gov  

Allen.Yang@fcc.gov



		Working Party 1A

		Shelli Haskins

		shaskins@ntia.gov  



		Working Party 1B

		Allen Yang

		Allen.Yang@fcc.gov



		Working Party 1C

		Michelle Jackson

		Michelle.jackson@fcc.gov 



		

		

		



		Study Group 3

		William Kozma

		wkozma@ntia.gov



		Working Party 3J

		Erik Hill

		ehill@ntia.gov



		Working Party 3K

		William Kozma

		wkozma@ntia.gov 



		Working Party 3L

		Christopher Behm 

		cbehm@ntia.gov 



		Working Party 3M

		Ryan McDonough

		Ryan.S.McDonough@nasa.gov



		

		

		



		Study Group 4

		Brian Patten; Clay DeCell

		bpatten@ntia.gov

Clay.DeCell@fcc.gov 



		Working Party 4A

		Clay DeCell

		Clay.DeCell@fcc.gov 



		Working Party 4B

		Dante Ibarra 

		dante.ibarra@fcc.gov  



		Working Party 4C

		Kathryn Medley 

		Kathryn.medley@fcc.gov 



		

		

		



		Study Group 5

		Paul Najarian

		Najarianpb@state.gov



		Working Party 5A

		Dante Ibarra

		Dante.Ibarra@fcc.gov



		Working Party 5B

		Eric Lee[footnoteRef:1]*, Louis Bell [1: * Lead Coordinator] 


		elee@ntia.gov

louis.bell@fcc.gov 



		Working Party 5C

		Shelli Haskins

		shaskins@ntia.gov 



		Working Party 5D

		Dante Ibarra

		Dante.Ibarra@fcc.gov 



		

		

		



		Study Group 6

		Larry Olson

		larry.olson@fcc.gov



		Working Party 6A

		Larry Olson

		larry.olson@fcc.gov



		Working Party 6B

		Larry Olson

		larry.olson@fcc.gov



		Working Party 6C

		Larry Olson

		larry.olson@fcc.gov



		TG 6/1

		Louis Bell

		louis.bell@fcc.gov 



		

		

		



		Study Group 7

		Glenn Feldhake

		glenn.s.feldhake@nasa.gov 



		Working Party 7A

		Paul Koppang

		paul.a.koppang@navy.mil 



		Working Party 7B

		Lisa Cacciatore

		lisa.e.cacciatore@nasa.gov 



		Working Party 7C

		Dave Franc

		david.franc@noaa.gov



		Working Party 7D

		Ashley Zauderer 

		bezauder@nsf.gov 



		

		

		



		RAG

		Paul Najarian

		najarianpb@state.gov
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Self-registration Information 

(Credit: Mr. Allen Yang of FCC)

https://www.itu.int/en/ITU-R/information/events/Pages/online-info.aspx

There is now a two-step registration process that YOU must initiate and for which you must have a TIES account.

Step 1: Prospective participants initiate self-registration: https://www.itu.int/net4/ITU-R/events

Special Guidance from State: Note that when registration for the meeting is open, 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 WP1A, and later decide to add 1B 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 plan to attend – you get “1 shot” for the block.

More guidance: 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 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.

You will receive an email from the ITU confirming that they have received your registration request.  This does not mean you are registered.

Step 2:  Your Designated Focal Point (DFP) has to approve your participation.  For the US delegation, the DFP is the Department of State.  For Sector Members, there is a DFP within your company. 

Within 3 days after the deadline for registrations established by the Head of Delegation (HoD), the DFP will send the HoD the list of those who requested registration as US delegates.  The HoD will reply with a list of approved delegates – based on regular attendance in US preparations.  The DFP will then confirm the registrations with the ITU, based on the HoD's list. 

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.






