U.S. Working Party 1A and Study Group 1 Third (and possibly Final) Preparatory Meeting
Draft Agenda 
14 April 2025
2:00 – 3:30 PM (Eastern)

Teams meeting information:
Join the meeting now 
Meeting ID: 236 506 621 061 
Passcode: 5eC2MA2J 

Dial in by phone 
+1 202-886-0111,,643633383# United States, Washington 
Find a local number 
Phone conference ID: 643 633 383# 


1. Introductions and Announcements 
– If you join by phone only, then please send confirming email to asanders@ntia.gov. If you join in Teams, no email is required. Note: Regular participation in US preparations is a requirement for inclusion on the US delegation.
2.	Approval of the draft Agenda
3.	Consideration of second (and possibly final) drafts received - https://uspreps.ntia.gov/wp1a   

	USWP1A Doc#

	Title
	Author(s)
	Status =
Second (and possibly Final) Drafts

	WPT EV

	USWP1A-01_Final
	Preliminary draft revision of Report ITU-R SM.2451-1, Assessment of impact on radiocommunication services from wireless power transmission for electric vehicle operating below 30 MHz
	Weller
	


	USWP1A-02_Final
	Proposed editorials and elevation of the preliminary draft revision of Recommendation ITU-R SM.2110-1, Guidance on frequency ranges for operation of non-beam wireless power transmission for electric vehicles
	Sealy
Kesler
	


	Ultra Wideband

	USWP1A-03_Final
	Proposed revisions to working document towards a preliminary draft new Report ITU-R SM.[UWB.EVOLUTION], Evolution of devices using ultra-wideband (UWB) technologies
	Mansergh
	


	WPT Beam

	USWP1A-04_SD
	Working document towards a preliminary draft revision of Report ITU-R SM.2505-0, Impact studies and human hazard issues for wireless power transmission via radio frequency beam 

	Marcus
Keller
Abiri
	


	USWP1A-05_Final
	Working document towards a preliminary draft revision of Recommendation ITU-R SM.2151-0, Guidance on frequency ranges for operation of wireless power transmission via radio frequency beam for mobile/portable devices and sensor networks
	Marcus
Keller
Abiri
	




4.	Preparatory schedule: 
	•     13 January 2025 (Monday) = Call for Fact Sheets for possible US contributions to WP1A distributed 

	•     18 February 2025 (Tuesday) = Fact Sheets due no later than 12 noon Eastern

	•      3 March 2025 (Monday) = 1st meeting of WP1A/SG1 US prep process (2:00 pm Eastern)

	•      19 March 2025 (Wednesday) = First drafts due no later than 12 noon Eastern

	•      24 March 2025 (Monday) = 2nd meeting of WP1A/SG1 US prep process (3:00 pm Eastern)

	•      9 April 2025 (Wednesday) = Updated drafts due no later than 12 noon Eastern

	•      14 April 2025 (Monday) = 3rd (and possibly final) meeting of WP1A/SG1 US prep process (2:00 pm Eastern) 

	•      30 April 2025 (Wednesday) = Final drafts due no later than 12 noon Eastern

	•      5 May 2025 (Monday) = 4th and final meeting of WP1A/SG1 US prep process (2:00 pm Eastern)

	•      8 May 2025 (Thursday) = NC versions of drafts due no later than 12 noon Eastern

	•      12 May 2025 (Monday) = Documents enter National Committee review

	Interval to resolve differences in National Committee

	•      23 May 2025 (Friday) = Close of National Committee review

	Interval for Reconciliation (NTIA/FCC/State), as needed

	•      30 May 2025 (Friday) = Deadline for contributions to the ITU (1600 UTC, i.e. 11 am Eastern) 

	•      6 June 2025 (Friday) = USWP1A/SG1 delegation meeting (1:30 pm Eastern)

	•      11-18 June 2025 (Wednesday-Wednesday) = Working Party 1A meeting (Geneva)

	•      19 June 2025 (Thursday) = Study Group 1 meeting



5.	Guidance on registration. https://www.itu.int/en/ITU-R/information/events/Pages/online-info.aspx  Note:  Regular participation in US preparations is a requirement for inclusion on the US delegation.  The ITU has opened registration for the meeting, but DO NOT register until you have met the requirement to participate in at least 50% of the US preparatory meetings. The US Chair will distribute a list of those who are eligible to self-register on the ITU website.
6.	Guidance on authoring contributions in Attachment.  Address group mailings to usworkingparty1a@osmmail.ntia.doc.gov (or usstudygroup1@osmmail.ntia.doc.gov, as appropriate).   
7.	Any other business 

[bookmark: _MailAutoSig]Amy L. SANDERS
US Chair of ITU-R Study Group 1 and Working Party 1A
Mobile: +1 202-360-2677 
asanders@ntia.gov 

Attachment:  
Guidelines on how to author draft contributions for US Working Party 1A


Guidelines on how to author draft contributions for US Working Party 1A

This guidance and any related documents are on the USWP1A website: https://uspreps.ntia.gov/wp1a 

1. Fact sheets - each draft input contribution needs a fact sheet.  Use the blank fact sheet in the Administrative docs folder on the USWP1A website (link),
2. Fact sheets need to be completely filled out including Author(s), purpose, abstract, etc.  Document numbers and file names will be assigned by the USWP chair.  Once a document number is assigned, please use it consistently in the file name for all iterations of the document.
3. Draft Contributions need a USA cover page introducing the proposed contribution before the actual document containing new or revised text. Use the ITU template on the USWP1A page (link).
4. Draft contributions making revisions to attachments to the WP chairman’s report should be written in track changes against that attachment.  Brand new inputs that are not based on any attachment to a WP chairman’s report do not need any track changes.  When including a document from the chairman’s report, please do not include the ITU logo header.
5. If using track changes, the author(s) should use the identifier “USA” as the author; especially if you are proposing changes to a WP chairman’s report attachment.  Additionally highlighting new proposed text is okay but keep in mind that it can make readability challenging.
6. Our USWP1A file-naming convention is as follows:

The only thing that changes in your file name is the section between the underscores (_XX_) in the file name.  Our convention is as follows:
_FS_ = Fact Sheet 
_FD_ = First Draft 
_SD_ = Second Draft 
_Final_ = Final Draft

For example, uswp1a-0#_FS_doc title would become: uswp1a-01_FD_doc title.
7. As the document progresses from prep meeting to prep meeting, comments that are received by the author(s) should be presented at the next meeting.  If there are disagreements on text, then that text should be placed in square brackets.
8. During the National Committee (NC) review, the document submitted to the chair and posted to the NC is the baseline document.  
9. At the end of NC review, the author(s) is responsible for advising the chair if there are additional comments received or changes proposed to the document during NC review.
10. If further discussions on outstanding issues are needed, the chair will advise the author(s) of further actions that may be needed to reconcile these open issues.
11. Once a document is considered completed and approved in the NC review, the chair will remind the author(s) to prepare their papers for submission to the ITU. This includes removing the US fact sheet and reviewing the document to ensure that all the changes have been made.  
12. IMPORTANT:   Check any and all track changes to make sure they reflect “USA” as the author and also make sure that any track changes/embedded comments that are not needed are removed and (if applicable) that all changes are shown against the relevant attachment to the chairman’s report.
13. The author(s) will then submit the final documents to the chair and the chair will submit the approved contributions to the ITU BR staff.
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Subject:    Updates to the working document towards a preliminary draft revision of Report ITU-R SM.2451-1

		
Document 1A/XX



		

		Date 2025



		

		English only







		United States of America



		working document towards a Preliminary Draft Revision of Report ITU-R SM.2451-1



		US Proposal for Updates





Background

In the May-June 2023 WP1A meetings (Thessaloniki, Greece), a proposal was made to update the impact study results for SFTS protection at 60 kHz in Annex 6 of ITU-R SM.2451-1. That proposal was attached to the Chairman’s Report as Annex 6 and was carried forward to the next study period. In the May-June 2024 WP1A meetings (Geneva, Switzerland), the proposal was not progressed and was attached to the Chairman’s Report as Annex 5 and again carried forward. 

This document proposes to update Annex 8 of SM.2451-1 but respects the need to include the earlier proposal to update Annex 6 that has been carried forward since 2023. This document primarily provides data on listener opinions of analogue AM reception under conditions of single carrier noise (SCN) beat-frequency interference at frequencies of 30, 50, 70, and 5,000 Hertz offset from the AM carrier. The study may be useful in assessing the impact of single-carrier noise interference due to harmonic emissions from sources such as WPT-EV that operate at 85 kHz.

Discussion

The United States of America (USA) has reviewed Annex 8 of SM.2451-1, which includes a listener opinion study based on a consumer AM receiver used in the UK where stations are assigned on a raster of 9 kHz. The USA concluded that additional data would be useful, based on a listener opinion study using a receiver typical of that used in the USA (and throughout North America) where stations are assigned on a raster of 10 kHz and receiver bandwidths are typically different.

Proposal

The USA proposes the following:

1. Updates to the working document towards a preliminary draft revision of Recommendation ITU-R SM.2451-1.

Attachment: USA proposed updates to the working document toward a preliminary draft revision of Annex 8 of Recommendation ITU-R SM.2451-1



ATTACHMENT

{Editor’s note: This attachment contains the material proposed to be added in a new section A6.1.4 of Annex 6 of Report ITU-R SM.2451-1 and material proposed to be added in a new Attachment 8 of Annex 8 of Report ITU-R SM.2451-1}.

updates to the WORKING DOCUMENT TOWARDS A Preliminary Draft Revision of Report ITU-R SM.2451-1

Assessment of single carrier noise impact on radiocommunication services below 30 MHz

(2019-2022)

…

{Editor´s note: This document is not intended for elevation beyond a working document without further validated studies to address the deficiencies of real-life conditions and proper measurement.}[USA author note:  the highlighted statement presumably applies only to Annex 6.]



[bookmark: _Toc10633198][bookmark: _Toc14947754][bookmark: _Toc14955681][bookmark: _Toc111018106][bookmark: _Toc10633199][bookmark: _Toc14698458]Annex 6

Impact studies in Korea for 19-21 kHz/55-65 kHz WPT-EV

…

Annex 8 

…

Attachment 8

Protection ratio tests with potential single-carrier noise to analogue and MA1 digital AM radio 




Note to editor:  The following text is proposed newly added text as attachment 8 to annex 8 of report SM2451-1. page, figure, and table numbers have been highlighted and may need to be aligned with the report’s scheme.




Protection ratio tests with potential single-carrier noise to analogue 
and MA1 digital AM radio[footnoteRef:1]  [1:  	An earlier version of this attachment was authored by John Kean as “Protection Ratio Tests with Potential Single-Carrier Interference from Wireless Power Transfer Systems to Analog and MA1 Digital AM” (August 14, 2023, prepared for the National Association of Broadcasters and the North American Broadcasters Association).] 




Introduction

This attachment reports on listener tests with analogue AM and MA1 mode digital AM[footnoteRef:2] service to determine the RF protection ratios needed from single-carrier noise (SCN) sources to provide acceptable reception. While SCN can emanate from many different types of unintentional and intentional devices, non-beam wireless power transfer (WPT) is one type of device that may use near field coupling in the form of a continuous wave (CW) to transfer power and therefore could potentially have harmonic emissions in the form of SCN. [2:  	MA1 digital AM radio is the IBOC (HD Radio) system operating in Hybrid MA1 mode as defined in Rec. ITU-R BS.1615 in the MF broadcasting band.] 


One application for WPT is wireless charging of electric vehicles. Recommendation ITU-R SM.2110 provides recommended frequency bands for wireless power transfer for electric vehicles (WPT-EV), which includes the 79 to 90 kHz band for use as a fundamental operating frequency. It is noted that switch-mode devices, including the voltage conversion electronics of WPT systems can potentially generate harmonics, which are highly dependent on the design. This report considers potential harmonics emanating as SCN from a potential switch-mode source and assumes that the SCN is introduced into the receiver by some means. This report does not consider any propagation or coupling mechanisms into the victim receiver and how that might or might not affect the results of the study.

Background and Motivation for Measurements

AM radio stations in ITU Region 2 operate in the medium wave band, with regulators assigning 117 channel frequencies between 540 and 1700 kHz on a 10 kHz channel raster: 540, 550...1690, 1700 kHz. This channel raster differs from countries outside Region 2, which mostly use carrier assignments with a 9 kHz carrier spacing.

Region 2 AM channels are 20 kHz wide, as illustrated by the lower and upper sidebands shown in light grey in Figure 1. Based on this specification, the NRSC‑1 Standard[footnoteRef:3] allows AM stations to modulate at up to 10 kHz of audio bandwidth. AM receivers can be built to receive sidebands out to ±10 kHz, but the conditions of RF environmental noise and adjacent channel interference have resulted in the great majority of receivers having audio bandwidths that are much narrower – as suggested by the darker shading in the figure with a roll-off within 5 kHz of the carrier frequency.[footnoteRef:4] [3:  	National Radio Systems Committee Standard NRSC-1-C, “NRSC AM Preemphasis/Deemphasis and Broadcast Audio Transmission Bandwidth Specifications,” April 2018.]  [4:  	National Radio Systems Committee Summary Report NRSC-R101, “Consumer Testing of AM Broadcast Transmission Bandwidth and Audio Performance Measurements of Broadcast AM Receivers,” December 2006.] 


Single-carrier noise, when coupled into the receiver, can produce beat frequency effects when interacting with the radio station carrier frequencies in the AM band. Figure 1 shows some potential harmonics falling in the AM band of an SCN fundamental frequency that is a multiple of 5 kHz (e.g., 85 kHz), shown as red spikes, that could approximately align with or be offset from AM radio channels and cause audible or other beat frequencies if sufficiently coupled into the receiver. Such SCN would be close to 0 Hz, ±5 kHz, or ±10 kHz from the AM carrier. This would produce beat frequencies at or near 0 Hz or audible “whistles” at 5 kHz or 10 kHz.[footnoteRef:5] [5:  	A 9 kHz channel raster, unfortunately, results in beat frequencies that may occur at any 1 kHz interval, depending on an AM station’s carrier frequency.] 


[bookmark: _Ref113810746]Figure 1

Potential harmonics of 85 kHz as SCN in relation to Region 2 AM Channel and 
nominal audio response for North American receivers
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Some have estimated interference from SCN sources using the protection criteria to broadcasting services as specified in Recommendation ITU-R BS.560. However, BS.560 deals with types of station-to-station (intra-service) interference rather than single-carrier noise, such as could potentially emanate from switch-mode devices, including WPT. To evaluate the potential interference from single-carrier noise sources, one must determine how much AM receivers suppress this type of interference.[footnoteRef:6] A perceptual study with human listeners was conducted, since the extent of interference involves a number of factors in addition to the receiver audio roll-off, such as the audio processing characteristics and background noise heard in AM receiving environments. Audio samples were prepared in the NAB Laboratory, and listener testing was conducted at NAB Studios, both located in Washington, D.C.  [6:  	BBC Engineering performed a listening test in 2017, but that study focused on beat interference encountered with a 9 kHz channel raster.] 


Study Limitations

The study did not utilize WPT or any other switch-mode device specifically, nor were such device characteristics directly assessed other than the consideration that WPT could emit SCN as could other switch-mode devices. A CW (SCN) signal was generated by a signal generator, and AM and MA1 digital signals were produced by a commercial broadcast transmitter. These signals were combined and conducted into the receiver. The study considered only one car receiver that was determined to be typical of an AM (analogue) radio receiver in the U.S. An additional digital HD-capable receiver was tested also. The listening tests included five listeners and were performed in a quiet studio environment[footnoteRef:7] in order to provide a stable level of background noise and to preserve the nominal “acceptable quality” signal-to-noise ratio of the broadcast being received. The study considered only the impact of the SCN as it relates directly to a modulated AM audio input of acceptable quality without any other background noise present that may be present in a listening environment (such as road noise inside a car) or the effects of man-made or natural radio noise.[footnoteRef:8] An RF noise generator was used to set a local signal-to-noise ratio (SNR) of 26 dB, which is suggested in Recommendation ITU-R BS.703 as being typical for a minimum sensitivity condition.[footnoteRef:9]  The study did not consider distortion or other effects that could be present in normal over-the-air propagation from an AM broadcast station to a receiver. The study used male and female speaking voices and selections of popular music for the audio source as those are common AM broadcast program formats.  [7:  	Background sound pressure level approximately 35-40 dBA(re 20 µPa).  For comparison, an office may have a background SPL of approximately 45-50 dBA.  ]  [8: 	See, e.g., ITU-R Recommendation SM.1753-2, “Methods for measurements of radio noise,” September 2012.]  [9: 	ITU-R Rec. BS.703 notes that audio SNR can improve linearly to at least 40 dB with increasing AM signal level. See ITU-R BS.703, Annex 2, Section 6.  However, at strong RF signal levels listener detection of and objection to interference, including SCN, will occur at lower SNR values due to the psychoacoustical effect of reduced noise masking at higher signal levels.  See ITU-R BS.1387-2, Annex 1, Attachment 4.  Other RF signal levels were not considered in the study but may result in lesser or greater MOS values for a given RF D/U ratio.] 


[bookmark: _Hlk123746981]Test Equipment to Prepare Audio Samples

MF sound broadcasting services in ITU Region 2, and particularly in the U.S. and Canada, primarily involve mobile (in-car) reception. Mobile receivers are expected to operate over a range of signal conditions and in a range of noise environments with audio frequency responses tailored for these conditions. 

Figure 2

Alpine INE-667HD analogue AM frequency response
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[bookmark: _Ref123742753]The Alpine INE-667HD receiver was selected for its frequency response, being typical of recent mobile receivers: down 8 dB at 3 kHz and 41 dB at 5 kHz. Its high frequency response is reduced more than AM receivers of the mid 2000s, but this response appears to be representative of modern automotive receivers, which take advantage of digital signal processing to further reduce high frequency noise and interference.[footnoteRef:10] The audibility of 5 kHz beat interference could be greater with receivers of greater audio bandwidth, but these radios are now a diminishing fraction of the automotive receiver population.  [10: 	NPR Labs, “Consumer Testing of AM Broadcast Transmission Bandwidth and Audio Performance Measurements of Broadcast AM Receivers,” Sept. 8, 2006, prepared for the NRSC AM Study Task Group. A study of nine OEM and after-market car radios found a mean rolloff of 18 dB at 5 kHz. The audio noise level is affected by a particular receiver’s audio bandwidth.  The bandwidth of the test receiver is expected to be narrower than the nominal ITU-R AM receiver, however, for the purposes of testing the signal-to-noise ratio would be similar to that heard with the ITU-R receiver.] 


Figure 3

Experimental signal preparation
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The experimental arrangement for producing the audio test samples is shown in Figure 3. Digital audio samples of male and female announcer voices and popular music were played out from a computer to an Omnia audio processor, which modulated a Nautel AM exciter. The output from the exciter was combined with the outputs of an additive white gaussian noise (AWGN) generator and RF signal generator, which produced single-carrier noise. These instruments provided composite RF signal and AWGN levels equivalent to reception at 60 dBµV/m, as defined by Recommendation ITU-R BS.703 as the minimum field-strength typically required for MF reception.[footnoteRef:11] [11: 	Recommendation ITU-R BS.703 effectively specifies the total system noise level at the fringe of reception by assuming a modulation depth of 30% and a modulation to random (system) noise of 26 dB. The total system noise is, therefore 60 dBµV/m minus 10.5 dB (level of modulation below carrier) minus 26 dB (wanted signal to noise ratio).] 


The audio output of the Alpine receiver was routed to the audio A/D sound card in the computer. All digital audio was encoded at 16-bit 44.1 kHz sampling.

All signal testing was performed on a dB ratio basis relative to the desired AM carrier. Figure 4 shows a spectrum analyser view of the unmodulated desired AM carrier at 890 kHz at –47.5 dBm (ref. to 50 ohms) in the centre with the unmodulated SCN at 895 kHz at 0 dB relative to the desired signal. The displayed generated RF noise floor represents the average condition used for all tests as assumed for a minimum service field strength of 60 dBµV/m.[footnoteRef:12] At an equivalent input of ‑47.5 dBm the receiver was fully quieted, before the addition of AWGN noise. [12: 	ITU-R Rec. BS.703 notes that audio SNR can improve linearly to at least 40 dB with increasing AM signal level. See ITU-R BS.703, Annex 2, Section 6.  However, at strong RF signal levels listener detection of and objection to interference, including SCN, will occur at lower SNR values due to the psychoacoustical effect of reduced noise masking at higher signal levels.  See ITU-R BS.1387-2, Annex 1, Attachment 4.  Other RF signal levels were not considered in the study but may result in lesser or greater MOS values for a given RF D/U ratio.  ] 


[bookmark: _Ref123745799]After allowing the equipment to settle, the RF generator frequency was adjusted by –1.0 Hz to match the AM exciter. Tests were performed with undesired carrier offsets of 5, 30, 50, 70 and 5,000 Hz, at ratios from 0 dB to –25 dB in 5 dB steps. The receiver was checked for symmetry, which was excellent, and all undesired measurements were then made on the high side of the desired carrier. 

Figure 4

Spectrum display of desired unmodulated AM carrier (centre) and simulated SCN (right)
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Most modern cars use roof-mounted or in-glass antennas with a preamplifier feeding a cable to the receiver. Thus, the actual RF input level for AM mobile receivers at a given field strength is not known. In the study, the addition of AWGN noise to the receiver was set as defined by ITU-R BS.703 for the minimum sensitivity of an average receiver and referenced to the desired signal level.

Preparation of Audio Samples

To minimize variations in listener performance (due to illness, for example), all testing was conducted during a single afternoon. Lengths of the audio samples and rest periods were adjusted to limit the testing time to less than 50 minutes to avoid listener fatigue. With 15-second audio samples (25 s with pauses) it was estimated that up to 120 samples could be evaluated by the listeners. With up to 5 repetitions this allowed for up to 25 signal conditions to be tested, as shown in Table 1 (a few conditions were skipped to shorten the test time as indicated by a “-“). To help average variation in responses the repeated conditions were randomized across the 50-minute test and used different clips of audio: female speech, male speech, medium-density music,[footnoteRef:13] and high-density music.[footnoteRef:14]  [13: 	Norah Jones, “Not too late.”  Medium-density music is defined here as “popular music with occasional silence or pauses.”]  [14: 	Jimmy Buffett, “I don’t know.”  High-density music is defined here as “popular music with non-stop sound (i.e., almost no pauses).] 


[bookmark: _Ref123749038]Table 1

Matrix of test frequencies and ratios

		Hz:

		5

		30

		50

		70

		5000



		    0 dB

		x

		x

		x

		x

		x



		–  5 dB

		x

		x

		x

		x

		x



		–15 dB

		x

		x

		x

		x

		x



		–20 dB

		x

		x

		-

		-

		x



		–25 dB

		x

		-

		-

		-

		x







The listening test was conducted on December 14, 2022, in the TV production studio of the NAB, which is quieter than a typical office and has low-reflection acoustics. The participants were three females, ages 31, 36 and 44, and two males, ages 48 and 61. All stated that they had no hearing impairment (e.g., hearing aid or head cold at the time). No high anchors were included in the test material, but all participants correctly identified the four unimpaired reception samples.

[bookmark: _Hlk124177691]For the listening test, the participants sat in two rows, approximately 3 meters and 5 meters from the JBL LSR-2300 monitor speaker, which was elevated 1.5 meters above the floor. The chairs were positioned so that each listener had an unobstructed view of the loudspeaker. The listeners were furnished with a numbered sheet with impairment scale: Very annoying (1), Annoying (2), Slightly annoying (3), Perceptible but not annoying (4), and Imperceptible (5).[footnoteRef:15] [15: 	This was a limited application of the procedures in Recommendation ITU-R BS.1116-3, “Methods for the subjective assessment of small impairments in audio systems,” as the scope did not allow for intermediate anchors or a training phase. Because high and intermediate anchors were not used, the scores were normalized per the test method described in Section 4 of Recommendation ITU-R BS.1116.] 


Test Results

The listener impairment ratings were grouped across each test sample heard (i.e., for each interfering frequency and RF D/U ratio) and a mean for each was determined as shown by the five “light” markers (✕, ○, □, △, ◇) in Figures 5 to 9. Then, normalized means of each listener’s score were averaged together for each condition, shown by the dark squares (■) and represent the overall mean opinion score (MOS) averaged across all listeners for a particular RF D/U ratio. The error bars shown for each MOS are ±1 standard deviation of the five data points used to compute the overall MOS. Best-fit linear trendlines[footnoteRef:16] of the displayed data points were added to each chart to illustrate the approximate D/U ratio required to achieve an overall MOS of 4.0.[footnoteRef:17]   [16: 	A linear regression analysis using the least squares method was used to produce the trendlines shown from the calculated mean values. The relatively small number of listeners (5) limits any robust statistical interpretation of the data, including interpolation or extrapolation.  ]  [17: 	“5 Hz Interference” means the SCN is offset from the carrier of the AM broadcast station by 5 Hz.  “MOS” is mean opinion score, the standardized metric used to assess the perceived quality of audio (and sometimes other) content.  See, e.g., ITU-T P.800-1, “Mean Opinion Score Terminology.”  “RF D/U ratio” is the ratio of the amplitude of the unmodulated carrier of the AM broadcast station (Desired Signal) to that of the SCN (Undesired Signal) in the RF domain.  ] 


[bookmark: _Ref124178212]Figure 5

Listener Mean Opinion Scores with 5 Hz Interference
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Figure 6

Listener Mean Opinion Scores with 30 Hz Interference
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Figure 7

Listener Mean Opinion Scores with 50 Hz Interference
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Figure 8

Listener Mean Opinion Scores with 70 Hz Interference
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[bookmark: _Ref124178227]Figure 9

Listener Mean Opinion Scores with 5000 Hz Interference
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A linear trendline (curve fit) for each condition was calculated to determine the imputed D/U ratio at an impairment mean opinion score (MOS) of 4 (“Perceptible but not annoying”), which is suggested as the maximum tolerable level of interference. As noted above, the relatively small number of listeners (5) limits any robust statistical interpretation of the data, including interpolation or extrapolation. The desired to undesired ratios of the five SCN frequencies tested are summarized in Table 2, where higher D/U ratios indicate that the receiver and the listeners require more protection. 

[bookmark: _Ref123756751]Table 2

Imputed Minimum D/U Ratios Required for MOS of 4 (Perceptible but not annoying)

		Condition

		D/U ratio (dB)



		5 Hz

		24.5



		30 Hz

		21.7



		50 Hz

		14.0



		70 Hz

		15.7



		5,000 Hz

		27.9





For the 5,000 Hz condition the D/U ratio was extrapolated from the MOS of the five listeners as 27.9 dB and was the condition most sensitive to interference from the SCN of the tests conducted. This value is similar to the 26 dB ratio required for co-channel protection between AM stations. This rejection is due to the Alpine receiver’s large 41 dB audio frequency roll-off at 5 kHz. (If the test radio were precisely compliant with the NRSC-1-C standard, its response would be down only 7 dB at 5 kHz, resulting in a 5 kHz beat that would be 34 dB greater. While no modern AM car radios are close to precisely complying with the NRSC standard, one should consider that AM receivers could, and arguably should, have better frequency response for the sake of audio quality. Fortunately, the 5 kHz beat frequency can be easily suppressed in future receiver designs. That is, AM receivers with wider frequency response could include a 5 kHz notch filter, like the 10 kHz notch filter used in some “Hi-Fi” AM receivers to remove adjacent-channel beats. The added digital signal processing required to do this is expected to be minimal.)

Low-frequency beat interference (below 70 Hz) is technically a very different type of impairment from the 5 kHz beat and depends on a receiver’s automatic gain control (AGC) design as well as the receiver’s ability to reproduce the low-frequency noise. Most AM receivers, including DSP types, have simple first-order lowpass filters that leak low frequency beats back through the receiver’s gain control system. Thus, beat frequencies below the AGC filter cutoff, which is typically around 20 Hz, are likely to leak through the AGC and distort the audio in annoying ways.

At 5 Hz and 30 Hz the listener results with this receiver were more tolerant to this subsonic interference, at audio SNRs of 24.5 and 21.7 dB, respectively. The listeners were even less critical of interference at 50 Hz and 70 Hz even though “hum” from the beat interference could become audible. As discussed above, the resultant audio and other effects from the interference-generating mechanism is complex, and other receivers could exhibit different results.

Since beat frequencies below 20 Hz are expected to cause audible distortion effects and those above 50 Hz may become directly audible, the optimal frequency difference between the SCN and an AM station carrier appears to be 20 to 50 Hz. Thus, if the AM station operates on its exact assigned frequency, it would be best for such a potential harmonic to occur ‑50 to ‑20 Hz below, or +20 to +50 Hz above the AM carrier frequency. In the U.S., however, AM stations are permitted a carrier frequency tolerance of ±20 Hz, which effectively prevents using such a method to preplan the fundamental frequency of devices having SCN harmonics falling in the AM band. It may be prudent for the AM station to use a GPS-disciplined or other highly accurate oscillator, in combination with a temperature-compensated crystal oscillator in the SCN source to ensure that the beat frequencies due to potential harmonics stay within the optimal range.

Comparison with BBC Engineering results

Listener studies were performed in 2017 by BBC Engineering and published as its Report WHP 332. The BBC’s results were incorporated later as Attachment 7 to Annex 8 of the ITU’s Draft Revision of Report ITU-R SM.2451-0 [15] and revised for the current Report ITU-R SM.2451-1 (2022).

The BBC performed limited listener testing to determine the RF protection ratios relative to the desired AM signal. A range of beat frequencies were tested in case the eventual WPT carrier frequency is uncontrolled, relative to the U.K.’s 9 kHz channel raster. Figure 10, taken from the BBC Report, shows that unmodulated carrier interference rises to very high ratios in the upper frequency range, and then falls above 4 kHz. The BBC used an “idealised” receiver, but the de-emphasis was not described (it appears closer to the NRSC-1 characteristic below 5 kHz than the Alpine receiver). This may explain the large rise in required protection at higher beat frequencies, which are effectively removed in the Alpine receiver used for these tests. In viewing the chart, it should be noted that Recommendation ITU-R BS.560 requires a co-channel protection ratio of up to 40 dB, [footnoteRef:18] which, of course, is for modulated interference. [18: 	Lesser protection values, such as 26 dB, have been used by some administrations in the development of regional frequency plans.  See e.g., BS.560, Annex 3.] 


[bookmark: _Ref113804649]Figure 10

Unmodulated interferer protection ratio reported by the BBC for two listeners



At 5 kHz the protection ratio for one of the BBC test listeners is approximately 45 dB, while the other’s data is missing above 3 kHz, but may be similar. By comparison, the current study with the aforementioned conditions and five listeners estimates a protection ratio of 27.9 dB, or 17 dB lower. As discussed earlier, the difference is likely due to the BBC receiver’s slight roll-off up to 4.5 kHz, compared with the Alpine receiver’s heavy roll-off above 3 kHz. The audibility of a SCN at 5 kHz is thus mainly dependent on the frequency response of the AM receiver.[footnoteRef:19] [19: 	The frequency response of the BBC’s custom test receiver is not reported but appears to be relatively close to the NRSC-1-C standard, which reduces 5 kHz energy by 7 dB in a compliant receiver, compared to 41 dB in the Alpine receiver. The BBC’s customized receiver has a 4.5 kHz lowpass filter with an unspecified suppression at 5 kHz.] 


The other difference between the BBC’s results and the results of this study is due to the criteria by which the required protection was determined. The BBC defined a beat level at which interference was decreased until the listener decided the interference was gone. In this study listeners assigned one of five impairment scores to each sample, and a rating of 4 (“Perceptible but not annoying”) was estimated from their overall scores. This criterion is somewhat more lenient and could also account for some differences between the two studies. The resulting acceptable protection ratio at ±5 kHz ranges between 45 dB and 28 dB, depending on whether one favours a relatively “wide” receiver (used in the BBC tests) or a “narrow” receiver typical of modern car radios in the U.S.

Looking at the low-end beat effects, below 150 Hz the protection ratio drops significantly, to between 10 and 20 dB. The current tests indicate a preferred protection ratio ranging from 14 to 24.5 dB. This is only 4 dB worse than the BBC receiver tests and shows good correlation considering that entirely different receivers were used and that the assessment criteria may have been slightly tighter with the BBC listeners.

This listener study and the BBC study, while they differ on the audibility of 5 kHz interference, provide a useful comparison between a modern narrow-band car radio typical of the U.S. market and an AM receiver with greater audio fidelity. Taken together, the two studies provide a range to consider for protection from SCN generally, although as previously discussed radios could add a 5 kHz notch filter that could match the interference performance of the narrow-band radio without sacrificing audio quality. The DSP chips in modern car radios, which must handle noise reduction effects for analogue FM and other tasks, can readily support a 5 kHz AM notch filter.

The interference susceptibility at low frequencies (near zero beat) is similar in the two tests. Moreover, they provide guidance on the optimal beat frequency range and the frequency tolerance required of AM broadcast and SCN signals affecting reception.

HD Radio Interference Test

A measurement of interference susceptibility of the IBOC HD Radio™ system in MA1 (hybrid) mode with a generated SCN was included in this test program. The same RF test bed and receiver was used, including the same 890 kHz desired AM channel. The Nautel exciter was switched from analogue mode to HD Radio MA1 hybrid mode, which activated the Alpine receiver’s digital operation.

Tests were performed at beat frequencies of 1, 5, 10, 30, 70, 100 and 180 Hz (although, as discussed in the analogue section, beat frequencies of 70 Hz and higher would be undesirable).[footnoteRef:20] Since MA1 is a hybrid mode the measurements shown in Figure 11 are presented relative to the AM carrier level. The tested carrier levels were ‑87, ‑77, ‑67, ‑57, ‑47 and ‑37 dBm. [20: 	A test of a 5 kHz beat was also conducted but the required undesired signal level was so high that such levels would likely not be encountered in practical situations.  ] 
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MA1 digital reception restoration with single-carrier interference



The data were collected by first raising the SCN signal until there was a failure of digital reception and then reducing the SCN until digital reception resumed. Those values were nearly coincident and are shown as dots on the chart of Figure 11. Interference susceptibility is relatively level from 5 Hz to 30 Hz, thence rising to 100 Hz and remaining approximately level to 180 Hz. (181.7 Hz is the frequency of the first OFDM subcarrier.)

MA1 susceptibility was significantly better at a beat frequency of 1 Hz, although testing with additional receivers is needed to verify that a very low frequency beat between the SCN and the AM carrier produces similar results. Nevertheless, for analogue reception, selection of the device’s fundamental frequency should ideally be chosen so that if harmonics are produced and coupled into a receiver in the relevant AM bands, they are between approximately ±20 Hz to ±50 of the AM station’s carrier frequency.

Summary

The study finds that at low frequencies, subject to the optimal beat frequency range discussed earlier, the required protection ratio for SCN coupled into a typical AM receiver is similar, or perhaps 3 dB more critical, than the BBC finding when the nominal signal-to-noise ratio (SNR) is set to 26 dB for AWGN (again, noting that other SNR values were not studied). For SCN causing beats at 5 kHz the interference protection could be up to 20 dB better (more relaxed), depending on the selectivity of the receiver. Home receivers may have somewhat wider frequency response than in-car receivers, for reasons of improved sound quality, and reductions in complexity and cost, which could increase the susceptibility to 5 kHz beat interference. Therefore, the practical protection ratio for analogue home receivers can be expected midway between the results from the BBC’s candidate receiver and the car receiver used in this study when considering impact only at the minimum SNR and sensitivity levels indicated in Recommendation ITU-R BS.703.

The protection required by MA1 mode IBOC hybrid HD Radio service is similar to the BBC and instant studies at beat frequencies of 70 to 180 Hz. At beat frequencies between approximately 5 Hz and 70 Hz the protection ratio is again covered by the analogue results. However, a beat frequency below 5 Hz may z could be damaging to MA1 mode reception.  Additionally, such low-frequency beats may create annoying “pumping” of an analogue receiver’s AGC and confound the phase locking circuitry in a digital receiver. To the extent that harmonic emissions falling into the AM broadcast band may exist from WPT or other switch-mode equipment, in order to minimize potential interference with AM radio in Region 2, operation at a fairly well controlled fixed frequency, such as 85 kHz would respect the 10 kHz channel raster for potential harmonics and would prove advantageous to minimizing potential AM radio interference.
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Wireless charging of electric vehicles (WPT-EV) is expected to involve use of a fundamental frequency in the band 79-90 kHz. This contribution includes the results of a perceptual interference study that was recently conducted to determine how harmonic frequencies of emissions from WPT-EV systems can produce perceptible interference to AM radio reception and to determine minimally acceptable protection ratios. The study found that frequencies of 80, 85, or 90 kHz fare better in disguising obtrusive interactions with AM station frequencies in Region 2 on account of the relationship with the 10 kHz channel raster in Region 2. The study also found that protection ratios of 14 to 27.9 dB are needed to provide “acceptable” reception of AM stations at a particular signal level in the presence of WPT-EV harmonic interference throughout the planned service and licensed service area.
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Background

In the June 2024 WP1A meetings, the preliminary draft revision of Recommendation ITU-R SM.2110-1, Annex 4 of the Chairman’s Report, was carried forward. This document provides several important updates to the published version of Recommendation ITU-R SM.2110-1 based on the most recent information. However, some small additional editorial corrections are needed along with some minor clarifications on the 55-57 kHz and 63-65 kHz bands.

Discussion

The United States of America (USA) has reviewed Annex 4 of the Chairman’s Report and suggests some minor editorial corrections as provided in the attachment. Additionally, the USA notes that there has been some confusion caused by the fact that the 55-57 kHz and 63-65 kHz bands are included in the fundamental frequency table (Table 1) even though these frequencies were included only for providing power transfer using the third harmonic by one specific technology. In all the referenced standards for WPT-EV in the Recommendation, power transfer only occurs by using the fundamental frequency. The additional usage of the third harmonic falling within the 55-57 kHz or 63-65 kHz bands was originally introduced by South Korea and represent a unique (non-standardized) use-case for the possibility to transfer power using both the 19-21 kHz band (fundamental) and the 55-57 kHz / 63-65 kHz (third harmonic) with specified restrictions as noted below the table. Finally, the USA notes that ISO recently withdrew ISO 19363 and replaced it with ISO 5474-4.

Proposal

The USA proposes the following:

1. Editorial updates to the preliminary draft revision of Recommendation ITU-R SM.2110-1.

2. Modification of Table 1 and its note to clarify the intended potential usage and restrictions for the 55-57 kHz and 63-65 kHz bands.

3. Elevation of the working document to a draft revision of Recommendation ITU-R SM.2110 to be considered for publication by Study Group 1.



Attachment: USA proposed updates to the preliminary draft revision of Recommendation ITU-R SM.2110-1

_________________
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[USA Note (not for inclusion): The new USA proposed changes are highlighted in green.]

PRELIMINARY DRAFT REVISION OF RECOMMENDATION ITU-R SM.2110-1

Guidance on frequency ranges for operation of non-beam 
wireless power transmission for electric vehicles

(Question ITU-R 210-4/1)

(2017-2019)

Scope

This Recommendation provides guidelines for the use ofguidance on frequency ranges for the operation of non-beam wireless power transmission (non-beam WPT) for electric vehicles. (EV). 

Keywords

Wireless power transmission, short-range devices, ISM, non-beam WPT

Abbreviations/Glossary 

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

ICES	International Committee on Electromagnetic Safety

ICNIRP	International Commission on Non‑ionizing Radiation Protection

IEC	International Electrotechnical Commission

IEEE	Institute of Electrical and Electronics Engineers

ISO	International Organization for Standardization

ISM	Industrial, scientific, medical 

RR	Radio Regulations

SAE	Society of Automotive Engineers

SFTSSSFTS	Standard frequency and time signal service Frequency and Time Signal Service

WHO	World Health Organization

WPT	wirelessWireless power transmission Power Transmission

WPT-EV	Wireless power transmission for electric vehicles

WRC-19	World Radiocommunication Conference 2019

Related ITU Recommendations, Reports

Recommendation ITU-R SM.1056;ITU-R SM.1056; Recommendation ITU-R SM.1896;ITU-R SM.1896; Recommendation ITU-R SM.2129;ITU-R SM.2129; Report ITU-R SM.2153;ITU-R SM.2153; Report ITU-R SM.2303;ITU-R SM.2303; Report ITU‑R SM.2451.ITU‑R SM.2451.

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 being considered for applications such as charging of electric vehicles;

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

e)	that industrial alliances, consortia, and academia have investigated several fundamental frequency bands for WPT technologies, including; 19‑21 kHz and 55‑65 kHz for the shaped magnetic field in resonance for electric vehicles, 79‑90 kHz for magnetic resonant technology for electric vehicles;

f)	that for the purpose of WPT studies the standard frequency and time signal and the radio astronomy services are to be treated as radiocommunication services;

g)	that studies have been conducted on the impact of non-beam WPT to radiocommunication services in the bands 19-21 kHz, 55-57 kHz, 63-65 kHz and 79‑90 kHz;

h)	that as more WPT devices proliferate globally, the use of WPT technologies may have an impact on radiocommunication services including the standard frequency and time signal service and the radio astronomy service, WPT must not cause harmful interference to radio communication services;

i)	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,

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 RR 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 some Administrations classify the non-beam WPT energy transfer as an ISM application, even for operation outside bands designated for ISM use;

e)	that some Administrations classify non-beam WPT systems as radio application such as short-range devices;

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

g)	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; 

h)	that in the absence of a load, the WPT-EV shuts off and does not radiate;

i)	that for non-beam WPT-EV, the radiated RF power external to the WPT-EV system is much lower than RF power transferred to the vehicle. Most power is transferred to the receiver through mechanisms such as capacitive, resonant and inductive coupling; 

j)	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. These limits do not necessarily protect radiocommunication services,

noting

a)	that the IEC TC 69 published IEC International Standard (IS) 61980-1 on ‘general requirement of electric vehicle wireless power transfer systems, is developingsystems’, IEC Technical Specifications (TS) and IS 61980-2 on ‘specific requirements for communication and control ofbetween electric road vehicle wireless power transfer systems by 2019 and 2020 respectively, and is developing (EV) and infrastructure’, and IEC TS and IS 61980-3 on ‘specific requirements for the magnetic field power transfer systems of electric vehicle wireless power transfer systems by 2019 and 2020 respectivelyWPT-EV’;

b)	that the International Organization for Standardization (ISO/TC22/SC37) is developing published ISO International Standard (IS) 19363 5474-4 on ‘electrically propelled road vehicles – functional and safety requirements for power transfer between vehicle and external electric circuit part 4: magnetic field wireless power transfer by 2019transfer’;

c)	that the Society of Automotive Engineers (SAE) International published the Standard J2954 published Recommended Practice (RP) on ‘wireless power transfer for light-duty plug-in/electric vehicles in 2017 and 2019alignment methodology’;

d)	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),WHO, ICNIRP, IEC TC106, and ICES;

e)	and that ICNIRP 2010 provides guidelines for limiting exposure from 1 Hz to 100 kHz, ICNIRP 2020 provides guidelines for limiting exposure from 100 kHz to 300 GHz, and IEEE C95.1 provides a standard for limiting exposure from 0 Hz to 300 GHz,

recommends

1	that the use of the frequency range, or portions thereof, listed in Table 1 below should be considered as guidance for the operation of non-beam WPT-EV systems;

2	that the following Note is considered as integral part of this Recommendation.

NOTE – Additional guidance can be found in Table 1 on necessary steps that should be taken to ensure that non-beam WPT-EV applications and equipment minimize the potential for harmful interference to radiocommunication services including the standard frequency and time signal service (SFTSSSFTS) and the radio astronomy service, so that these remain protected from radio frequency energy emanating from WPT-EVfallingEV falling into all bands.



· 

· 

TABLE 1

Frequency range for operation of non-beam WPT systems for electric vehicles

		Frequency range

		Suitable non-beam WPT-EV



		19-21 kHz(1)

		Magnetic induction technology or Magnetic resonant technology 



		55-57 kHz(1)

		Magnetic induction technology or Magnetic resonant technology 



		63-65 kHz(1)

		Magnetic induction technology or Magnetic resonant technology 



		79-90 kHz

		Magnetic resonant technology 



		(1)	Not to be used for the fundamental frequency of WPT-EV. AWhen also utilizing the third harmonic for power transfer and assuming a minimum separation distance of 50 m between WPT-EV and SFTS receivers, the third harmonic must fall within the 64-65 kHz and 55‑56 kHz frequency range and the WPT emission be limited to 35 dBµA/m at 10 m. Where a separation distance of greater than 100 m between WPT-EV and SFTS receivers can be guaranteed, the third harmonic may fall within the 63‑65 kHz and 55‑57 kHz and the WPT emission be limited to 44 dBµA/m at 10 m.
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[bookmark: dbreak]Background

ITU-R Study Group 1 has previously considered the development and introduction of uUltra-w Wideband (UWB) technology under Questions ITU-R 226/1 and ITU-R 227/1, resulting in the publication of Report ITU-R SM.2057-0 and Recommendation ITU-R SM.1755-0. Since the last of these documents was issued in 2006, UWB has evolved and seen significant market adoption with its inclusion in smartphones beginning in 2019. The current published Report and Recommendation do not reflect this evolution and there is a need for more current information.

Discussion

At the June 2024 meeting of Working Party 1A, contributions proposing to revise Report ITU-R SM.2057-0 and Recommendation ITU-R SM.1755-0 were presented and considered. Ultimately, WP1A agreed to begin drafting a new Report SM.[UWB.EVOLUTION] to document the subsequent changes in UWB technology and usage patterns for the benefit of ITU-R members.

Proposal

The attached contribution is intended to progress the development of Report SM.[UWB.EVOLUTION], detailing the use cases and regulatory framework of UWB in the United States in new text for incorporation into the Working Document.
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		WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT 
NEW REPORT ITU-R SM.[UWB.EVOLUTION]



		Evolution of devices using ultra-wideband (UWB) technologies 







This Report addresses devices using ultra-wideband (UWB) technologies in the frequency range below 10.6 GHz. It provides information on current and future use of UWB technology, including characteristics and assumed deployment information, including possible national experiences. 

[Editors Note: Definition of UWB is understood to be as described in Recommendation ITU-R SM.1755 Annex 1]

[Editors Note: Explanation as to why below 10.6 GHz was chosen]

[Editors Note: Some elements in Doc. 1A/32 might (or not) be useful in developing this Report. Some concerns were raised about the information, therefore more background, references and reasoning are needed around that information]

[Editors Note: Text above is from Annex 12 of the June 2024 WP1A Chair’s Report. Text below is the proposed US contribution.]

[bookmark: _Toc485800946][bookmark: _Toc57481495][bookmark: _Toc73441033][bookmark: _Toc73441129][bookmark: _Toc74808335]1	Introduction

This report provides information about the evolution of uUltra- wWideband (UWB) technology and its usage, particularly since the 2019 introduction of UWB capabilities in smartphones.

Additional information about UWB technical parameters and industrial/commercial use cases may be found in Report ITU-R SM.2057-0 and Recommendation ITU-R SM.1755-0.

2	Consumer UWB Use Cases

With broad availability of USB UWB capabilities in smartphones from multiple manufacturers and ecosystems of compatible products on the market, consumer-facing implementations of UWB technologies are commonplace.

[bookmark: _Toc421687506][bookmark: _Toc422930514][bookmark: _Toc422986109][bookmark: _Toc423592384][bookmark: _Toc468136699][bookmark: _Toc485800950][bookmark: _Toc57481499][bookmark: _Toc73441037][bookmark: _Toc73441133][bookmark: _Toc74808339]2.1	High Precision Asset Tracking 

The most widespread adoption of UWB to date has been in asset trackers. While previous generations of asset tracking “tags” have used other technologies such as Bluetooth LE to provide users with a general location of an item, the addition of UWB provides accurate direction and distance information. UWB-capable tags come in multiple form factors and accessories allow attachment to virtually any item, including keys, wallets, handbags, backpacks and luggage. UWB chips are also being incorporated into electronic devices in addition to phones, such as tablets, headphones, chargers and battery banks.

2.2	Premise Access Systems

Building upon their experience with UWB-enabled access systems in the commercial sector, manufacturers of residential door locks and security systems are incorporating UWB into their smart home products. UWB enables secure touchless unlocking when a user approaches a locked door with a linked smartphone. As the user approaches, a Bluetooth LE or Wi-Fi connection will communicate with the phone for preliminary authorization and then a UWB connection calculates range and location to provide validation of the user’s smartphone location for an extra layer of security before the door unlocks. While several manufacturers have released proprietary implementations of UWB, the Connectivity Standards Alliance is including a standardized implementation in the Aliro[footnoteRef:1] specification. [1:  https://csa-iot.org/all-solutions/aliro/] 


2.3	Automotive

In the automotive industry, adoption of UWB for key fobs surpassed 20% of new vehicles in 2024[footnoteRef:2]. To support smartphone integration, the Connected Car Consortium Digital Key[footnoteRef:3] standard includes UWB with a combination of radio technologies to support remote locking and unlocking, as well as remote start. Including the technology in vehicles has also opened up other possible features, including using UWB sensing to detect passengers and pets in the rear seats. [2:  https://www.autosinnovate.org/resources/papers-reports/Ultra-Wideband%20%28UWB%29%20Technology.pdf]  [3:  https://carconnectivity.org/wp-content/uploads/2022/11/CCC_Digital_Key_Whitepaper_Approved.pdf] 


2.4	Consumer Electronics

Some companies are using UWB as an alternative to Bluetooth for high-fidelity audio, with several headphone and UWB hub products announced since 2024.

3	Industrial/Commercial UWB Use Cases

[Reserved for potential contributions]

4	Technical and Regulatory Considerations

Regulations written in the early 2000’s did not anticipate how UWB technology would eventually evolve. Much of the initial concern of incumbents was focused on high-data-rate communications being delivered by networks of continuously operating UWB transmitters, especially outdoors. Further, the wide individual channel bandwidth and very broad range of spectrum potentially used by UWB devices included many different incumbent operations using a range of different wireless technologies. Naturally, national regulatory authorities (NRA’s)s drafted conservative rules to limit power and location to protect against unknown risk. As the UWB market has developed, however, some of these early assumptions may need to be reassessed by NRA’s and regulationswithin a particular administration’s national context and revise their local rulesadjusted to reflect experience and current use applications of the technology.

42.1	Opportunistic and User-Initiated Transmission

One key mitigation that reduces risk of interference to incumbents is reducing overall duty cycle. All of the consumer use cases described in Section 2 are characterized by limited transmission durations over short distances that are controlled by a user or use an alternate radio technology to enable the UWB connection. This is particularly important for portable devices such as smartphones, key fobs and small UWB tags, where battery life is a key development constraint. Even the UWB audio use case has a low duty cycle, since the data bandwidth is so large relative to the payload.

42.2	Channel Utilization

Another mitigation is the relatively limited number of channels used by most UWB implementations. Of the fifteen channels specified for High Data Rate operation in IEEE 802.15.4 and shown in Figure 1, only two (Channels 5 and 9) are used for most consumer applications. 

FIGURE 1

UWB Channels in IEEE 802.15.4

[image: A screenshot of a computer

AI-generated content may be incorrect.]

This focus on two specific channels is due to a combination of regulatory and technical factors. First, not all channels are available for use in every regulatory domain and the consumer UWB market is global. Second, while UWB can be quite resistant to interference it operates better in bands where there are fewer high-power operations. This led chipmakers to focus on developing products for Channel 5 and Channel 9, where incumbent operations included fixed service, PMSE, satellite and radar systems that  were compatible sharing partnersare best suited to coexist with the relatively low-power and intermittent consumer UWB use cases.

It is important to note, however, that many industrial and commercial UWB products use the other available UWB channels depending on the suitability of specific frequencies for different applications.

45	ConclusionSummary

UWB is a maturing technology with use cases and operating parameters very different than what was envisioned when the technology was in its infancy. In particular, the rise of smartphone-enabled consumer use cases has driven growth in adoption while the operational characteristics of these applications may serve to mitigate some of the risks originally anticipated by incumbents and NRA’sregulators. 
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[bookmark: dbreak]Background

Report ITU-R SM.2505-0 was approved in 2022 to provide administrations with guidelines on the impact and human hazard issues for wireless power transmission via radio frequency beam. The United States is also developing a variant of this technology for use in the 24 GHz ISM band.

Proposal

The United States proposes that Report ITU-R SM.2505-0 be amended with the material in the attachment that documents the impacts of Beam WPT use in 24.1-24.15 GHz. The proposed changes only involve Study F (24.1-24.15 GHz).  Except for adding several near 24 GHz bands of other services for consideration in the “Studies on the impact to the incumbent systems” section, other parts of the document are unchanged.



Attachment:	Working document towards a preliminary draft revision of Report ITU-R SM.2505-0


This entire document is quite long and only a small part is proposed for modification in USWP1A, therefore to facilitate handling within USWP1A deliberations only the content related to 24 GHz WPT Beam is included here.      

If approved, the complete document will be sent to ITU including the parts on other bands which are unchanged
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[Editor’s note: Text for the summary of the revision to be developed at a later stage.]
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Abbreviations/Glossary

ARIB	Association of Radio Industries and Businesses

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

DSRC	Dedicated short-range communications

DUT	Device under test

EESS	Earth exploration-satellite service

EMF	Electromagnetic field

GSM	Global System for Mobile Communications

ICNIRP	International Commission on Non‑ionizing Radiation Protection

IEC	International Electrotechnical Commission

IEEE	Institute of Electrical and Electronics Engineers

IMT	International Mobile Telecommunications

ISM	Industrial, scientific and medical 

LAN	Local area network

LTE	Long term evolution

LPWA	Low-power wide-area network

MSS	Mobile-satellite service

RF	Radio frequency

RFID	Radio frequency identification

RR	Radio Regulations

SRD	Short-range devices

WHO	World Health Organization

WPT	Wireless power transmission

[bookmark: _Toc107990993][bookmark: _Toc136275907][bookmark: _Hlk108095852]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 metres 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 Internet of Things (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), short-range devices (SRD) or radio equipment. While both ISM and SRD beam WPT devices are discussed in Report ITU-R SM.2392, 

Report Recommendation ITU-R SM.1896 provides a list of frequency ranges for global and regional harmonization of SRDs in its annexes, and Radio Regulations (RR) footnotes Nos 5.138 and 5.150 provide a list of frequency ranges for ISM devices. Furthermore, some administrations classify beam WPT as a radio service that needs rulemaking for practicable implementation with regulatory measures. To mitigate the impact of WPT devices on the operation of radiocommunication services as spectrum demand increases, 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 and radiocommunication services are necessary.

The purpose of this Report is to show how the proposed beam WPT systems can coexist with radiocommunication systems by conducting impact studies and demonstrating compliance with international and/or national radio frequency regulations and RF exposure guidelines. The studies include test measurements in laboratory and field conditions as well as simulation and theoretical studies based on the proposed systems. The Report 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.

Beam WPT technologies are also treated as a radio service with associated national regulatory measures in Japan as shown in § 3.3 Study C in this Report. In accordance with the frequency ranges and operation purposes, practical technical conditions are derived for coexistence with the incumbent radiocommunication services. If harmful interference occurs, interference can in some cases be corrected by moving or reorienting the charging device and/or affected device, or by changing the operating frequency of the charging device or affected device to avoid use of overlapping frequency channels.

[bookmark: _Toc107990994]NOTE – The studies reflect national experiences from administrations and approaches from sector members.

[bookmark: _Toc136275908]2	Radio characteristics of beam WPT

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

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 78



		Frequency

		915-921 MHz

		915-921 MHz

		915-921 MHz

		917-920 MHz

		2 410-2 486 MHz

		5 738-5 766 MHz

		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

		50 W 

		50 W



		Antenna gain

		7 dBi

		8.24 dBi

		10 dBi

		6 dBi

		24 dBi

		25 dBi

		40 dBi (1)

		45 dBi (1)



		e.i.r.p.

		43 dBm 

		50 dBm 

		54.8 dBm 

		36 dBm

		65.8 dBm

		70 dBm

		87 dBm (1)

		92 dBm (1)



		Bandwidth

		500 kHz

		500 kHz

		500 kHz

		200 kHz

		N/A (2)

		N/A (2)

		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

		Beam-WPT dedicated wireless system

		Other wireless systems





TABLE 1 (end)

		System

		System 1

		System 2

		System 3

		System 4

		System 5

		System 6

		System 7 

		System 78



		Antenna

		Wide-angle directional antenna

		Wide-angle directional antenna

		Wide-angle directional antenna

		Wide-angle directional antenna

		Beam forming

		Beam forming

		Near field beam focusing 

		Near field beam focusing



		Applications

		

		Wireless charging of mobile/portable devices

Wireless powered and 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. In most cases, out-of-band emission limits for beam WPT devices are set by each Administration.

(1)	The figures given for antenna gain and e.i.r.p. here are for cases where the device receiving power is in the far field of the transmitter.

(2)	The regulation on this system designates its occupied bandwidth as zero because its modulation is CW.





[bookmark: _Toc107990995]

[bookmark: _Toc136275909]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) (adjacent 24.25-27.5 GHz); 

–	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);

–	Mobile satellite communication system (2.5 GHz band);

–	Radio astronomy (1.4 GHz band, 2.7 GHz band, 4.8 GHz band, adjacent 23.6-24.0 GHz band);

–	EESS (active) (co-frequency 5 470-5 570 MHz band, 24.05-24.25 GHz band, adjacent 5 250-5 470 MHz band);

–	EESS (passive) (adjacent 23.6-24.0 GHz band);

–	Other systems operated in adjacent frequency bands and/or frequency range where harmonic emissions may occur.

[bookmark: _Toc128400034][bookmark: _Toc129591702][bookmark: _Toc108775419]3.6 	Study F (24.1-24.15 GHz)

[Editor’s note: In the June 2024 WP1A meeting study F was updated with contribution 1A/26 additional contributions and analysis is encouraged at the next meeting. Taking into account the LS from WP5D 1A/9  This is also relevant to the section A 2.4.]

3.6.1	United States Industrial, Scientific and Medical regulations

In the US, the Federal Communications Commission (FCC) regulates the use of radiocommunications frequencies for civil applications. The FCC rules and regulations are codified in Title 47 of the US’ Code of Federal Regulations (CFR). Part 18 deals with Industrial, Scientific and Medical (ISM) devices. FCC has determined that in the US WPT is regulated as an ISM usage and is subject to its Part 18 rules. 

[bookmark: _Toc123716802]3.6.2	24 GHz ISM BAND and Radiation Limits 

FCC identifies 24-24.25 GHz band with a centre frequency of 24.125 GHz and maximum operating bandwidth of 250 MHz for ISM use consistent with the provisions of RR No. 5.150. FCC radiation limits of the field strength level of emissions which lie outside the 24 GHz ISM band is a field strength limit of 25 V/m as measured  at a distance of 300 metres. Using the e.i.r.p. formula, we get a value e.i.r.p. of –27.27 dBm, or –57.27 dBW.  

For unlicensed field disturbance sensors, excluding perimeter protection systems, in 24.075-24.175 GHz and general unlicensed devices, the maximum emission outside the specified band, other than for harmonics, must attenuated by at least 50 dB below the level of the fundamental or 500 V/m at 3 m, whichever is less.

[bookmark: _Toc123716803]3.6.3	24 GHz ISM Beam WPT Parameters

This section provides examples of the characteristics of the 24 GHz beam WPT system being developed in the United States. 

Other sets of parameters could come from other developers for alternative 24 GHz WPT systems. Table 15 below describes the characteristics used in the respective studies. Only the e.i.r.p. limit outside the 24.0-24.250 GHz ISM band is a present US regulatory limits. Other sets of parameters could come from other developers for alternative 24 GHz WPT systems.

The multi-element antenna in the system being developed in the US has a different far field gain for OOBE that are uncorrelated over the various antenna elements than it has for the coherent in band signals at each antenna element.  

TABLE 15

Radio Characteristics of Example Beam WPT System within 24 GHz band

		System

		System



		Frequency

		24.1-24.15 GHz



		Bandwidth

		10 MHz



		Output Power (W)

		50



		Antenna gain in ISM band (dBi)

		40



		E.i.r.p. in ISM band (dBm)

		87



		E.i.r.p. below 24 GHz (dBm)

		–27.27



		Field strength limit at 300 m (uV/m)

		25





[bookmark: _Toc123716804]

3.6.4	Human hazard issues for 24.1-24.15 GHz WPT

Technology being considered for these bands used phased array multiple elements 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 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. These sensors are arranged so that significant power is only transmitted if there is an authorized power destination in a position ready to receive power and without any humans or pets in a nearby position where that would be exposed to unacceptable RF power levels. Examples of these sensors 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.

In the case of the US, Maximum Permissible Exposure (MPE) to radiofrequency electromagnetic fields have been established for both bands and are shown in Table 16. At these high frequencies RF is generally absorbed by the skin and specific absorption rate (SAR) standards are not applicable.

TABLE 16

US RF Safety Standard Levels for 24 GHz bands

		MPE for Occupational/Controlled Exposure (mW/cm2)

		MPR for General Population/Uncontrolled Exposure (mW/cm2)



		5.0

		1.0







3.6.5 	Protection of Co-channel and adjacent Allocations 

As discussed in the beginning of Section 3, Beam WPT in 24 GHz could potentially impact several services with co-channel or adjacent allocations. These include the 23.6-24.0 GHz allocation for Earth exploration-satellite passive (EESS(p)), the radio astronomy Service (RAS), the secondary allocation for Earth exploration-satellite active (EESS(a)) at 24.05-24.25 GHz and the terrestrial component of IMT at 24.25-27.5 GHz.

3.6.6	Protection of adjacent passive bands

The 24.1-24.15 GHz band discussed here for WPT Beam use is within the 24.0-24.25 GHz band designated for industrial, scientific and medical (ISM) uses pursuant to RR No. 5.150. Under the provisions of 15.13 « Administrations shall take all practicable and necessary steps to ensure that radiation from equipment used for industrial, scientific and medical applications is minimal and that, outside the bands designated for use by this equipment, radiation from such equipment is at a level that does not cause harmful interference to a radiocommunication service ». 100 MHz  below the possible WPT Beam frequency is the 23.6-24.0 GHz band that is allocated on a coprimary basis for Earth Exploration Satellite (passive) , radio astronomy, and Space Research (passive) and protected under the terms of RR No. 5.340 that states «All emissions are prohibited». Pursuant to 15.13 administrations that authorize ISM devices «shall take all practicable and necessary steps to ensure that radiation from equipment used for industrial, scientific and medical applications is minimal and that, outside the bands designated for use by this equipment, radiation from such equipment is at a level that does not cause harmful interference to a radiocommunication service».  Space Research (passive) is not a concern because it involves satellite-based receivers not pointing at Earth, but the potential of possible interference to radio astronomy and Earth Exploration Satellite (passive) is a concern and will be discussed below along with limits administrations could use to prevent harmful interference to these services.

[bookmark: _Toc123716806]3.6.7	Radio astronomy 

[bookmark: _Toc123716807]During an observation, a radio astronomy telescope points towards a celestial radio source at a specific right ascension and declination, corresponding with a specific azimuth and elevation at a certain moment in time. During this observation, the pointing direction of the telescope compensate for the rotation of the Earth. It can generally be assumed that interference from a terrestrial transmitter is received through the sidelobes of the radio astronomy antenna; however, many radio astronomy systems are capable of operating to 0 degree elevation.

Recommendation ITU-R RA.769 assumes that the interference is received in a sidelobe of the antenna pattern, i.e., at a level of 0 dBi at 19º from boresight (see also Recommendation ITU-R SA.509). It should be noted that a radio telescope is an antenna with an extremely high gain, typically in the order of 70-80 dBi. If interference is received via the main lobe of the antenna pattern, this high gain should also be considered, and as noted in Recommendation ITU-R RA.769, damage may result to radio astronomy receivers under such scenarios. However, Recommendation ITU-R RA.769 assumes that the chance that the interference is received by the main lobe of the antenna is low, and therefore uses the level of 0 dBi in the calculation of the levels of detrimental interference given in this Recommendation. 

Depending on the relative location of the interferer and the telescope, the interference occurs in the near field or the far field of the telescope. The far field area, or Fraunhofer area, lies beyond a distance of 2D2/, where D is the diameter of the telescope and  the wavelength. For the RAS frequency band in 24 GHz, this distance is of the order of 400 km for a radio telescope of 50 metre diameter. While radio astronomy systems operating in this band have a range in telescope size and type, a diameter of 50 metre was considered representative of radio telescopes operating in the frequency range 22-24 GHz. 

For the assumptions considered in Recommendation ITU-R RA.769, it is irrelevant whether the interferer is in the near field or in the far field of a radio telescope. The near field/far field issue is relevant only for studies that need to consider the signal path from the interfering transmitter to the receiving antenna.

The following are the radio astronomy service (RAS) system parameters for the threshold levels of interference detrimental to radio astronomy continuum observations for the 23.8 GHz band.

The interference protection criteria for RAS (Rec. ITU-R RA.769-2) is a threshold value given as -195 dBW received signal power for continuum measurements, This recommendation states “that administrations, in seeking to afford protection to particular radio astronomical observations, should take all practical steps to reduce all unwanted emissions falling within the band of the frequencies to be protected for radio astronomy to the absolute minimum.” 

TABLE 17

Excerpt of RAS Protection Criteria

		Parameter

		Value continuum observations

		Spectral-line observations



		Centre frequency (1) fc (MHz)

		23 800

		23 700



		Assumed bandwidth f (MHz) continuum observations
Assumed spectral line channel bandwidth  f (kHz) spectral-line observations

		400

		250



		Minimum antenna noise temperature TA (K)

		15

		35



		Receiver noise temperature TR (K)

		30

		30



		System sensitivity(2)  (noise fluctuations)



		Temperature T (mK)

		0.05

		2.91



		Power spectral density P (dB(W/Hz))

		–271

		–254



		Threshold interference levels(2) (3)



		Input power PH (dBW)

		–195

		–210



		pfd SH f (dB(W/m2))

		–147

		–161



		Spectral pfd SH (dB(W/(m2  Hz)))

		–233

		–215



		Notes:

1	Calculation of interference levels is based on the centre frequency shown in this column.

2	An integration time of 2 000 s has been assumed ; if integration times of 15 min, 1 h, 2 h, 5 h or 10 h are used, the relevant values in the Table should be adjusted by +1.7, 1.3, 2.8, 4.8 or 6.3 dB respectively. 

3	The interference levels given are those which apply for measurements of the total power received by a single antenna.







3.6.8	RAS regulation

For the WPT system in the 24.1-24.15 GHz band described here,, the nearby 23.6-24.0 GHz band, subject to footnote RR No. 5.340, with its RAS allocation is considered here. 

[bookmark: _Toc123716808][bookmark: _Toc41442457]3.6.9	RAS Discussion

The analysis in Section A2.3 of Annex 2 deals with use of segments of the 24.1-24.150 GHz ISM bands for Beam WPT. It is recognized in the Radio Regulations that radio astronomy receivers employ “exceptionally high sensitivity” (29.1-4). At the same time, radio astronomy observatories are often located in remote sites, with some degree of control over emissions near RAS stations (RR No. 29.6). This fact affords additional options and protection of RAS operations from ISM transmitters in nearby bands, in conjunction with administrations taking practicable steps to allow such operation. Some of these steps and options are also detailed in Article 29 of the RR.

With respect to operation of WPT systems and impacts to RAS sites, it is assumed individual administrations employ such steps as are necessary and useful to allow operation in conformance with the Radio Regulations. While administrations generally do not limit the possible locations of ISM devices, US presently prohibits low power unlicensed transmitters/short-range devices in radio quiet zones that surround some radio astronomy facilities.  

[bookmark: _Toc123716809]3.6.10	Earth Exploration-Satellite Service (EESS) Passive Sensors  

Earth exploration satellite service (passive) operates in the 23.6-24 GHz frequency band and is allocated on a primary basis in all three ITU regions. ISM operates in the adjacent band above this EESS band. RR No. 5.340 indicates that all emissions are prohibited in the 23.6-24 GHz band. 

Currently, the EESS (passive) operates at least three major types of passive sensors:

–	Conical scanning sensors, which are designed to rotate at a fixed angle around the nadir direction.

–	Cross-track nadir sensors, which are designed to rotate through the nadir direction and perpendicular to the orbital path.

–	Fixed-pointing sensors, which have a static viewing geometry and are typically pointed nearby or on the spacecraft nadir vector.

[bookmark: _Toc123716810]3.6.11	General considerations for EESS

Passive sensors are used in the remote sensing of the Earth and its atmosphere by Earth exploration and meteorological satellites in certain frequency bands allocated to the Earth exploration-satellite service (EESS) (passive). The products of these passive sensor operations are used extensively in meteorology, climatology, and other disciplines for operational and scientific purposes. However, these sensors are sensitive to any emissions within their allocated band. Therefore, any RF emissions above a certain level may constitute interference to the passive sensors using those bands. In addition, it should be noted that passive sensors may not be able to differentiate the wanted signal from the interference and that interference may not be identifiable in the passive sensor products.

Referencing Recommendation ITU-R RS.1861, the table below provides the definitions of some of the technical and operational EESS parameters associated with passive sensors and their operation that are needed for the analysis in this report.

TABLE 18

Definitions of technical and operational EESS parameters for passive sensors

		Parameter

		Definition



		Sensor type

		Several types of radiometers are possible depending on the technology of the radiometer: interferometric radiometer, fixed pointing, conical scan, nadir/cross-track scan, push-broom, limb scan radiometer



		Altitude

		The height above the mean sea level



		Inclination

		Angle between the equator and the plane of the orbit



		Repeat period

		The time for the footprint of the antenna beam to return to (approximately) the same geographic location



		Number of beams

		The number of beams is the number of Instantaneous Field of View (IFOV) on Earth from which data are acquired at one time



		Antenna size

		For real aperture radiometers, it is the diameter of the antenna reflector; 
For interferometric radiometers, it is the size of antenna array.



		Maximum antenna gain

		The maximum antenna gain (dBi)



		−3 dB beamwidth

		The −3 dB beamwidth, θ3dB, is defined as the angle between the two directions in which the radiation intensity is one-half the maximum value.



		Instantaneous field of view (IFOV)

		The instantaneous field of view (IFOV) for a real aperture system is the area over which the detector is sensitive to radiation, defined as the linear dimensions of the beam on the Earth corresponding to the −3 dB beamwidth. By knowing the altitude of the satellite, the dimension of the IFOV is calculated on the Earth’s surface at the boresight direction (or at the tangent point for limb sounding sensors): the IFOV is expressed in km × km representing the minor and major axis of the footprint. 



		Off-nadir pointing angle

		The angle between the nadir and the pointing direction.



		Incidence angle at Earth

		The angle between the pointing direction and the normal to the Earth’s surface. 



		Sensor antenna pattern

		Antenna gain as a function of off-axis angle. For interferometric radiometers, it is the pattern of synthetic beam.



		Sensor integration time

		The sensor integration time corresponds to the short period of time allocated for the radiative measurement of the instantaneous area of observation by the detector of a sensor



		Channel bandwidth

		The channel bandwidth is the range of frequencies around a centre frequency used by the passive sensor





The EESS (passive) sensor parameters used in the calculations are shown below.

TABLE 19

Technical EESS parameters for passive sensors F1 to F6 in 24 GHz

		Sensor

		F1

		F4 (Outer)

		F4 (Nadir)

		F5 (Outer)

		F5 (Nadir)

		F6



		Sensor Type

		Conical scan

		Mechanical nadir scan

		Mechanical nadir scan

		Mechanical nadir scan

		Mechanical nadir scan

		Conical scan



		Frequency (GHz)

		23.9

		23.9

		23.9

		23.9

		23.9

		23.9



		Orbit altitude (km)

		817

		833

		833

		824

		824

		835



		Off-nadir angle (°)

		44.5

		48.3

		0.0

		52.7

		0.0

		53.3



		Antenna gain (dBi)

		40

		34.4

		34.4

		30.4

		30.4

		40.8



		Incidence angle at footprint (°)

		52.3

		57.6

		0.0

		64.0

		0.0

		65.1



		Angle from Ground to Sensor (°)

		37.7

		32.4

		90.0

		26.0

		90.0

		24.9



		Slant path distance (km)

		1227.3

		1379.0

		833.0

		1562.9

		824.0

		1621.5



		Effective antenna diameter[footnoteRef:1] (m) [1: 	Calculated based on antenna gain and using 60% for antenna aperture efficiency per Recommendation ITU-R RS.1813.] 


		0.52

		0.27

		0.27

		0.17

		0.17

		0.57



		–3 dB beamwidth (horizontal) (°)

		1.81

		3.30

		3.30

		5.20

		5.20

		1.50



		–3 dB beamwidth (vertical) (°)

		1.81

		3.30

		3.30

		5.20

		5.20

		1.50



		IFOV Area (km²)

		1880

		9298

		1847

		35983

		4395

		3411





TABLE 20

Technical EESS parameters for passive sensors F8 to F13 in 24 GHz

		Sensor

		F8

		F9 (MWS) (Outer)

		F9 (MWS) (Nadir)

		F10 (MWI)

		F11 (AMR)

		F12 (MWR)

		F13



		Sensor Type

		Conical scan

		Mechanical nadir scan

		Mechanical nadir scan

		Conical scan

		Nadir

		Nadir

		Conical scan



		Frequency (GHz)

		23.9

		23.9

		23.9

		23.9

		23.9

		23.9

		23.9



		orbit altitude (km)

		699.6

		833

		833

		833

		1336

		814.5

		830



		Off-nadir angle (°)

		47.5

		49

		0.0

		45.2

		2.65

		1.9

		53.3



		Antenna gain (dBi)

		48.5

		37

		37

		41.5

		42.3

		41

		45.7



		Incidence angle at footprint (°)

		54.9

		58.6

		0.0

		53.4

		3.2

		2.1

		65.0



		Estimated Angle from Ground to Sensor (°)

		35.1

		31.4

		90.0

		36.6

		86.8

		87.9

		25.0



		Slant path distance (km)

		1114.3

		1405.2

		833.0

		1273.6

		1337.7

		815.0

		1609.9



		Antenna diameter (m)

		1.37

		0.37

		0.37

		0.61

		0.67

		0.58

		0.99



		-3dB beamwidth (horizontal) (°)

		0.75

		2.80

		2.80

		1.70

		1.40

		1.80

		1.00



		-3dB beamwidth (vertical) (°)

		0.75

		2.80

		2.80

		1.70

		1.40

		1.80

		1.00



		IFOV Area (km²)

		306

		7153

		1288

		1802

		855

		491

		1549





TABLE 21

Technical EESS parameters for passive sensors F14 to F18 in 24 GHz

		Sensor

		F14

		F15

		F16

		F17

		F18



		Sensor Type

		Conical scan

		Conical scan

		Conical scan

		Fixed pointing

		Conical scan



		Frequency (GHz)

		23.9

		23.9

		23.9

		23.9

		23.9



		orbit altitude (km)

		407

		407

		970

		970

		665.96



		Off-nadir angle (°)

		48.6

		48.5

		44

		2.2

		47.7



		Antenna gain (dBi)

		46.5

		46.6

		45

		45

		48.5



		Incidence angle at footprint (°)

		52.9

		52.8

		53.2

		2.5

		54.8



		Estimated Angle from Ground to Sensor (°)

		37.1

		37.2

		36.8

		87.5

		35.2



		Slant path distance (km)

		643.1

		641.6

		1461.7

		970.8

		1061.7



		Antenna diameter (m)

		1.09

		1.10

		0.92

		0.92

		1.37



		-3-dB beamwidth (horizontal) (°)

		0.80

		0.85

		1.12

		1.12

		0.65



		-3-dB beamwidth (vertical) (°)

		0.80

		0.85

		1.12

		1.12

		0.65



		IFOV Area (km²)

		106

		122

		933

		216

		264





[bookmark: _Toc123716811]

3.6.12	EESS Protection Criteria

The EESS (passive) protection criteria are stated in Recommendation ITU-R RS.2017 (2012) “Performance and interference criteria for satellite passive remote sensing”

In recommends 5, the protection criteria should not be exceeded for more than a percentage of sensor viewing area. In the 24 GHz case, that percentage is 0.01%. The measurement area is a square on the Earth of 2 000 000 km2 unless otherwise justified. Therefore, the interference criteria of –166 dB(W/200 MHz) may not be exceeded in any 200 km2 area.

[Editor’s note: Views were expressed that the protection criteria in RS.2017 is given for all interference sources and cannot hence be used as such for a single application. It is also reminded that the corresponding EESS (passive) band 23.6-24 GHz was at stake during WRC-19 and has already seen most if not all of the interference allowance captured by another applications. The specification of the relevant EESS (passive) protection criteria applicable in this study will require additional consideration, in particular with WP7C.]

3.6.13 	EESS(a)

The secondary allocation for EESS(a) at 24.05-24.25 GHz is subject to the terms of RR 5.150, which states “Radiocommunication services operating within these bands must accept harmful interference which may be caused by these applications.”



3.6.7	Terrestrial Component of IMT (24.25-27.5 GHz)

IMT is allocated above the 24 GHz ISM band in 24.25-27.5 GHz.  Annex A2.4 analyzes the potential impact of WPT Beam devices in 24.1-24.1 GHz on this services using the blocking criteria provided by WP5D.  It is shown that the blocking criteria are exceeded only for WPT Beam device densities that are so large as to be physically unrealistic.





[bookmark: _Toc123716812]3.6.14	 Summary

[Editor’s note: The text below has not been discussed and agreed in WP 1A.]	Comment by Gregory Baker: This hasn’t been discussed in 2 years? No agreement is reflected in [ ]

[Editor’s note: This section needs to be further reviewed with respect to the protection of the passive band from the unwanted emissions. Protection criteria and characteristics of incumbent services need to be confirmed with relevant Working Parties.]	Comment by Gregory Baker: LS to WP 7C has been covered

The WPT ISM technology considered at this frequency involves a narrow band transmission which has a bandwidth occupying 0.04% of the centre frequency of 24 GHz ISM band. The maximum ISM emission bandwidth used is 10 MHz within the range of 24.1-24.15 GHz.

Annex 2 shows that the number of ISM devices that can be accommodated for each of the EESS (passive) sensors vary from a minimum device density of 67 per km2 to more than 350 000 devices per km2 averaged over the sensor’s field of view depending on each sensor characteristics. The analysis in Annex 2 shows that, for the case of indoor use of WPT beam power sources pointing in a downward direction, with OOB emissions specified by US ISM band limits, and a building entry loss varying between 3 dB and >40 dB will permit the use of an average of tens or more WPT beam devices per sq. km. without exceeding the protection limits of ITU-R RS.2017 for the worst case of each of the EESS (passive) sensors in ITU-R RS.1861. The minimum average density calculated for the most vulnerable sensor is used to determine the level necessary to protect EESS (passive).  

This analysis does not consider the contributions from other non-WPT sources that can affect the number of WPT devices that can operate in a km2, due to aggregate effects from all interfering sources and makes a number of other assumptions related to building entry losses and predicted deployment density that are estimated and can also impact the results. Administrations implementing 24 GHz Beam WPT should consider means of ensuring that devices are used indoors, pointing downward to assure that the protection of allocated service required by 15.13 is met. 

For radio astronomy, the remote location and control of the radio environment for many sites affords protection of the receivers utilized, which are of “exceptionally high sensitivity”. In situations where WPT systems are expected to operate within the radio horizon of radio astronomy systems, administrations should take practicable steps to allow operation in conformance with the Radio Regulations. Some of these steps and options are also detailed in Article 29 of the RR.

For IMP UE and BS in the upper adjacent band blocking levels re not exceeded for plausible densities of WPT beam equipment even in the case of user equipment 10m away from the WPT beam device.

Annex 2

Details of Impact Studies of Beam WPT on EESS(passive), 
RAS, and IMT in Study F 

[bookmark: _Toc123716813][bookmark: _Toc128400041][bookmark: _Toc129591709][Editor’s note: This annex was not discussed during the June 2023 WP 1A meeting and will require a more thorough analysis at the next meeting, in particular considering the assumptions and scenarios used, including the 10 MHz bandwidth. It was noted that this annex is focused on a country specific regulation, so further work is need to make it more general.]	Comment by Gregory Baker: 2 Years and it hasn’t been discussed? 

This is a national experience document, so why would we not have country specific regulation. Can we push back against all this CEPT stuff then?

A2.1 	EESS (Passive) and Beam WPT

In the United States, beam WPT has been determined to be an ISM use of spectrum subject to the national 24 GHz ISM band limit established by FCC.[footnoteRef:2] For the case of transmitter power less than 500 W RF power, the out-of-band limit is a field strength of 25 V/m at a measurement distance of 300 m and a measurement bandwidth of 1 MHz. Some administrations have created national requirements that devices for indoor only use have physical characteristics limiting their potential outdoor use, including the requirement that the device must be powered from electrical mains. Administrations could also require sensors in such devices to assure they are pointed downward. [2: 	The FCC discussed potential rule changes in ET Docket No. 19-226 that could affect their regulation of beam or “at-a-distance” WPT, including the possibility of moving such devices out of Part 18 of FCC rules covering ISM equipment. Changes in the OOB limits would impact the study results.] 


[bookmark: _Toc123716814]A2.1.1 	Modelling impact of 24 GHz WPT beam devices on EESS (passive) sensors

In general, OOBE levels decrease as the frequency becomes separated from the carrier frequencies by multiples of the transmission half bandwidth. These transmissions are low in bandwidth compared to their separation from the nearby passive band. In this case the band separation is >100 MHz while the bandwidth of the WPT Beam emission is ≤ 10 MHz so the passive bands is more than 10 half bandwidths away. In this case ISM is only used indoor employing downward pointing antennas that transfer a large fraction of their transmitted power to the intended receiver. The antennas have multiple elements each with amplifiers and frequency synthesizers that derive the centre frequency of transmissions from a reference frequency that is much lower. If the phase locked loop of the synthesizer has a bandwidth that is much smaller than the separation of the centre frequency from the nearby passive band, then the resulting emissions near centre frequency will have highly correlated phases over a bandwidth of less than 10 MHz over the various antenna elements and have uncorrelated phases over frequencies further from the centre frequency. This, in turn, results in a highly focused beam at the centre frequency and a much more diffuse pattern with much lower gain at the frequencies more than 10 MHz from the centre frequency. The resulting out of band emissions from each antenna element result from the phase noise of individual local oscillators of each PLL and are uncorrelated. 

It is noted that this is different than in the case of IMT MIMO antennas in the nearby IMT band. For the IMT case, out-of-band emissions are from both oscillator noise and the IMT modulation and have greater out-of-band correlation between the signals in each antenna element. IMT emissions have much greater bandwidth because of complex information-carrying modulation which results in many correlated sidebands.  In Beam WPT signal bandwidth is not an intentional design characteristic, but rather a byproduct of circuit noise in carrier frequency synthesis in the many individual antenna elements.

As a result, while the centre frequencies of each element are in phase and permit antenna beam focusing by changing the amplitude and phase of transmission from each element, for frequencies more than 100 MHz away from the centre frequency the phase noise of the emissions are uncorrelated, so their OOBE do not focus, and the antenna array has little gain for such OOBE. This is illustrated below where the OOB emission pattern of a single antenna in an exemplary array is simulated using HFSS.

[Editor’s note: Views were expressed that the text “… for frequencies more than 100 MHz away from the centre frequency the phase noise of the emissions are uncorrelated, so their OOBE do not focus, and the antenna array has little gain for such OOBE …” will require technical justification. It is noted that it seems to contradict assumptions used for the same frequency range in other topic.]

Figure A2.1 

In-band and out-of-band radiation patterns
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Figure A-2.2 shows the ISM device antenna gain towards selected EESS sensors for a fixed Earth to EESS elevation angle and for azimuth angles that vary between –180 to +180.

Figure A2.2 

Transmitter OOB Antenna Patterns versus Azimuth for Select Elevation Angles Matching 
EESS Off-Nadir Angles





Tables A2.1 and A2.2 provide calculations to predict how much of this ISM device power reaches an EESS (passive) satellite of various types under assumption that all ISM transmitting units are indoors and are pointing downward. This is an upper-bound analysis to determine a geographic density of these devices that could be operated without adversely impacting the passive satellites. While a dynamic simulation would give a more precise result, the worst case here gives an upper bound for Beam WPT density. 

The analysis provided in this document considers only direct-path propagation from the sidelobe and/or backlobe of the Beam WPT device to the main-beam of the passive remote sensor.

The calculations use the ITU-R P.2109 “Prediction of building entry loss” model that considers losses due to exterior building walls. As is shown in Figure A2.3 for high elevation angle paths to satellites the exterior wall may not be the only source of structural path loss. For a ceiling mounted transmitter all emissions reaching a satellite must pass through at least one interior floor construction before they reach the exterior wall. Depending on the satellite elevation angle and the distance of the transmitter from the exterior wall, more than one through the floor transit may be involved.  There is no present recommendation for such path losses through interior floors, so it is not included in the calculation presented.  

Figure A2.3 

Impact of ceilings on high elevation angle paths in cases where WPT device is distant from exterior wall
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In very high population density areas with multi-storey buildings this model is conservative in that it does not address the vertical loss a signal would have on high elevation angle paths if an emitter was several floors down from the building roof. Nor does it account for signal blockage by nearby buildings higher than the emitter that could block paths to the satellite as some elevation angles.

[Editor’s note: Views were expressed that the indirect path including in particular the reflections of the main beam emissions in its surrounding will also have to be considered.]

In the case considered the maximum WPT beam transmitter density under the above assumptions that is consistent with the ITU-R RS.2017 protection goals are shown in the table to be in the range of >67 to several thousand units per square kilometre, depending on which sensor from ITU-R RS.1861 is considered. As mentioned above this density would be larger in the case of areas with multi-storey buildings due to both attenuation from multiple levels above the transmitter and partial signal blockage of power that leaves a building at low elevation angles. However, there is presently no generally accepted building attenuation model for computing the increased attenuation at high elevation angles for such areas with many multilevel, multi-storey buildings.

TABLE A2.1

Sample Power budget for the Aggregate Usage of Beam WPT Devices for Sensor F18

		Sensor Type/Operator

		Conical scan
F-18

		Comments



		Sensor Orbit Altitude (km)

		665.96

		RS.1861, (term H)



		Sensor Antenna Peak Gain (dBi)

		48.5

		RS.1861



		Off-nadir angle (°)

		47.7

		RS.1861, (term α)



		Sensor Ground Area Instantaneous Field of View (IFOV) (km2)

		263.89

		RS.1861. Horizontal resolution = Hr = 14 km
Vertical resolution = Vr = 24 km.
IFOV (km2) = ×Hr×Vr/4



		Angle from ground towards Sensor (°)

		35.22

		RS.1861. Uses calculation for Incidence angle at footprint (°) = 90 - ASIN((Re +H)/Re)*SIN(α))



		ISM out of band EIRP

		

		



		The field strength level, E, of emissions which lie outside the 24 GHz band. Field strength limit (µV/m) per FCC 18.305

		25

		FCC value used in the USA



		Distance of Field strength limit (m). FCC 18.305

		300

		FCC value used in the USA



		EIRP (dBm) out of band per 1 MHz where V is the unit of measurement.

		–27.27

		



		Device EIRP (dB(W/MHz)

		–57.27

		Conversion from dBm to dBW



		Reduction due to out-of-band Antenna pattern shape performance (Single Element) - (dB)

		Median: 11.84 dB

		Azimuth dependent. Simulated antenna pattern is used in Monte-Carlo simulation. Range = 8.1 dB to 20.6 dB.



		Effective Device EIRP (dB(W/MHz))

		–57.27

		Adding antenna pattern reduction



		Losses



		Activity factor. Number of hours during the day where all ISM devices are active (hours/day)

		8

		Hours during the day where the ISM WPT device is active



		Activity factor loss in dB

		4.77

		Activity factor loss =10*log10(active hours / 24) active hours is 8 hours (dB)



		Percent simultaneously active ISM devices during the active time (%)

		70

		This is the percent of all ISM WPT devices that are simultaneously active with EESS being interfered



		Simultaneously active ISM devices factor, dB

		1.55

		Loss due to the fact that only a percent of devices is simultaneously active = 10xlog10(0.7)



		Free Space Loss P.525 (dB)

		180.54

		Frees space loss at the centre of the IFOV.



		Gaseous Loss P.676 (dB)

		0.71

		Gaseous loss using P.676 at the centre on the IFOV



		Polarization mismatch loss (dB)

		3

		Polarization mismatch using P.619

ISM device is assumed to have horizontal linear polarization.



		

		

		



		Total Activity Adjustments (dB)

		6.32

		Total activity adjustment from the above (4.77+1.55)



		Calculations



		Total Interference at EESS dB(W/MHz) 

		–199.79

		This is the level after all the adjustments at the EESS in MHz



		Interference at EESS dB(W in 200 MHz) 

		–176.79

		Convert to dB(W/200 MHz)



		P.2108. Prediction of clutter loss

		Median: 3.08 dB

		A random Percentage location is assigned to each ISM WPT device based on P.2108 CDF.



		P.2109. Prediction of building entry loss

		Median: 17.5 dB

		A random value for probability that loss is not exceeded is assigned to each ISM WPT device. The model can be used within a Monte Carlo method, but it should be noted that the model has only been validated against empirical data over the probability range 0.01 to 0.99. The building loss is calculated for 70% traditional buildings and 30% Thermally Efficient buildings.



		Results for Number of Devices that would Exceed -166 dBW/200 MHz

		

		This step we aggregate the ISM WPT device signal level at the sensor until the aggregate signal level is close to the protection criteria but does not exceed it.



		Worst case (Lowest) Aggregated Number of ISM WPT Devices

		18,810

		This is the total number of devices that and be added without exceeding the EESS protection threshold level.



		Device Density in one km2 (Device/IFOV Area) 

		71

		ISM WPT device density using the IFOV 



		Device Density in one km2 (Devices Using 200 km2 Area) 

		94

		ISM WPT device density using the protection threshold area of 200 km2.





[bookmark: _Toc123716815]

[Editor’s note: Views were expressed that the interference calculations being an aggregate to EESS (passive) receivers, the statistical elements (e.g. out of band antenna gain, P.2108,...) have to be taken in average and not in median. Further discussion was also invited on the WPT device deployment density, and the effects on the results.]

A2.2 	Summary of Results

The tables below show the EESS (passive) sensors and of results of simulation indicating the number of ISM devices that might be allowed to operate simultaneously in the footprint of each passive sensor. The sensors in green are highlighted in this report.

Results for the number of ISM devices that could be accommodated for each EESS (passive) sensor using the assumptions of systems characteristics and operating conditions discussed above  are shown in Table A2.2.

TABLE A2.2

Summary of Results per Sensor

		[bookmark: _Hlk114137402]Sensor (RS.1861)

		EESS antenna gain (dBi)

		Elevation angle from ground to EESS sensor (deg)

		EESS IFOV (km2)

		Total ISM devices in IFOV (simulated ISM antenna gain reduction of the isotropic antenna randomized in azimuth angle)

		Density using IFOV area (devices/km2)

		ISM device density using 200 km2 area (devices/km2)



		F1

		40

		37.74

		1 880.2

		248 577

		132

		1 243



		F4 (Outer)

		34.4

		32.37

		9 298.0

		761,503

		82

		3 807



		F4 (Nadir)

		34.4

		90.00

		1 847.5

		> 70 million

		>37 900

		>350 000



		F5 (Outer)

		30.4

		26.02

		35 982.7

		2,162,096

		60

		10 810



		F5 (Nadir)

		30.4

		90.00

		4 394.6

		> 60 million

		>13 600

		>300 000



		F6

		40.8

		24.93

		3 411.0

		211 353

		62

		1 057



		F8

		48.5

		35.09

		306.3

		22 552

		73

		113



		F9 (MWS) (Outer)

		37

		31.42

		7 153.4

		424 454

		59

		2 122



		F9 (MWS) (Nadir)

		37

		90.00

		1 288.2

		> 60 million

		> 46 500

		> 300 000



		F10 (MWI)

		41.5

		36.65

		1 801.7

		163 443

		91

		817



		F11 (AMR)

		42.3

		86.79

		855.3

		3 170 860

		3 707

		15 854



		F12 (MWR)

		41

		87.86

		490.9

		2 801 872

		5 708

		14 009



		F13

		45.7

		25.01

		1 548.8

		66 980

		43

		335



		F14

		46.5

		37.06

		106.0

		13 751

		130

		69



		F15

		46.6

		37.17

		121.9

		13 421

		110

		67



		F16

		45

		36.83

		933.1

		98 636

		106

		493



		F17

		45

		87.46

		216.4

		1 230 572

		5 686

		6 153



		F18

		48.5

		35.22

		263.9

		18 810

		71

		94







The ISM device density that is possible while below the EESS protection criteria  are from >350 000 to 67 devices/km2 under the conservative assumptions and the building entry loss model given in P.2109 which considered only building wall loss and does not consider additional losses for high elevation angle paths in multi-storey buildings.] This analysis makes a number of assumptions related to building entry losses and predicted deployment density that are estimated and can impact the results.  Considering this, administrations implementing 24 GHz Beam WPT should consider measures to address the conditions studied, such as implementing an effective means of ensuring that devices are used indoors, pointing downward to assure that the protection of allocated service required by 15.13 is met.

Administrations may also wish to consider the types of buildings, e.g. traditional vs thermally efficient, used in urbanized areas with a possible high density of 24 GHz Beam WPT devices in their jurisdiction and consider how to model the BEL for high elevation angle OOBE in multi-storey buildings in such areas in deciding what emission limit for 24 GHz WPT is appropriate in their jurisdictions.

[Editor’s note: Views were expressed that these conclusions are based on using the full EESS (passive) protection criteria to WPT. In addition, it should be stressed that all EESS (passive) sensors need to be protected from WPT emissions, hence meaning that the worst-case calculations should be taken for any conclusions. To this respect, already showing very low WPT densities in the Table above (e.g., 69 devices / km²) may argue for saying that WPT are not compatible with EESS (passive) at 24 GHz.]

A2.3 	RAS and Beam WPT

This section reviews the impact of 24 GHz Beam WPT on RAS facilities in the 23.6-24.0 GHz band that are located nearby.  The Beam WPT device is indoors and downward pointing as is shown in Figure A2.1. The out-of-band power in the direction of RAS facilities is not from the main beam of the device, but from the out-of-band radiation pattern of this multi-element antenna which is much less focused. Table A2.3 shows that for distances of less than 1 km one Beam WPT device could cause interference. Beam WPT devices further away have a rapidly decreasing impact on RAS use because the total propagation loss as distances increase become the sum of a variety of propagation mechanisms and decreases with distance more rapidly than the free space attenuation of P.525.

Table A2.1 shows the path losses and net power reaching an RAS facility for the case of distances of 0.35 km, 5 km, 10 km, 25 km, and 50 km. Interference is possible from a single Beam WPT emitter at 0.35 km. But at a distance of 5 km, over 1000 emitters at that distance would be necessary before interference resulted. 




TABLE A2.3

Power budget for Beam WPT impact on radio astronomy

		Atmosphere conditions

		Dry

		Dry

		Dry

		Dry

		Dry



		Threshold Input Power (dBW)

		-195

		-195

		-195

		-195

		-195



		RAS Antenna Gain at Horizontal (dBi)

		0.00

		0.00

		0.00

		0.00

		0.00



		Observation Bandwidth (MHz)

		400.0

		400.0

		400.0

		400.0

		400.0



		Threshold Input Spectral Power (dBW/MHz) RA.769-2

		-221

		-221

		-221

		-221

		-221



		Distance from RAS Antenna (Km)

		0.35

		5.00

		10.00

		25.00

		50.00



		ISM out of band EIRP

		

		

		

		

		



		The field strength levels of emissions which lie outside the 24 GHz band.  Field strength limit (uV/m) FCC 18.305 Field Strength Limits

		25

		25

		25

		25

		25



		Distance of Field strength limit (m)

		300

		300

		300

		300

		300



		EIRP (dBm) out of band per 1 MHz = 10*log10(4*pi*E^2*distance^2 / 0.377).  Also see NTIA Technical Memorandum TM-10-469 Eq-59

		-27.27

		-27.27

		-27.27

		-27.27

		-27.27



		Device EIRP (dB(W/MHz)

		-57.27

		-57.27

		-57.27

		-57.27

		-57.27



		Losses

		

		

		

		

		



		Normalized Antenna Gain at Horizontal (Note that the device is ceiling-mounted and points downward)

		-4

		-4

		-4

		-4

		-4



		Free Space Loss (dB)

		110.91

		133.96

		139.98

		147.94

		153.96



		Gaseous Loss (dB)

		0.00

		0.07

		0.14

		0.35

		0.70



		Polarization mismatch loss (dB)

		3.0

		3.0

		3.0

		3.0

		3.0



		Clutter loss (P.2108 at 50%) (dB)

		26.18

		33.00

		33.00

		33.00

		33.00



		Building Entry Loss P.2109 (P=50%) - Traditional Buildings (dB)

		19.8

		19.8

		19.8

		19.8

		19.8



		Propagation by diffraction loss  P.526-15

		0.0

		0.0

		0.0

		34.6

		112.3



		Total Losses (dB)

		163.8

		193.8

		199.9

		242.6

		326.7



		Calculations





		Traditional Buildings

		

		

		

		

		



		Single Interferer level at RAS Antenna dB(W/MHz) for Traditional Buildings

		-221.1

		-251.0

		-257.1

		-299.9

		-384.0



		Margin for Traditional Bldgs (dB)

		0.1

		30.0

		36.1

		78.9

		163.0



		Number of Devices for Traditional Bldgs (dB) BEFORE exceeding RAS protection criteria

		1

		1,007

		4,092

		7.7E+07

		2.0E+16





Due to this potential of harmful RAS interference, administrations that authorize the use of 24 GHz Beam WPT need to limit use of this technology near all 24 GHz RAS facilities similar to the way that they are limited in quiet zones. The exact distances of the necessary limitations depend greatly on the specific topography around the RAS facility since path loss at this frequency depends greatly on how obstructed the path is. For distances under 10 km, the propagation by diffraction given in P.526-15 can be ignored, but for greater distances it should be considered and has a large impact in preventing interference that might be predicted in a theoretical free space propagation environment.

Radio telescopes at 24 GHz are limited in number and usually in rural locations. Table A2.4 gives the estimated numbers on each continent. They are often sited in places where terrain blockage lessens their potential interference from intentional and unintentional emitters. While a few Beam WPT devices could in theory, result in interference to RAS observations within a few km in locations without terrain blockage, this can be avoided by administration that decide to permit 24 GHz Beam WPT under the provisions of 15.13 by forbidding use of the technology in area within a few km of 24 GHz radio telescopes and taking account of actual terrain.

TABLE A2.4

Summary of 24 GHz Radio Telescope Locations



		Continent

		Number of 24 GHz Radio Telescopes



		North America

		14



		South America

		0



		Africa

		1



		Europe

		17



		Asia

		16



		Australia

		8



		Antarctica

		0



		Total

		56







A 2.4	Terrestrial Component of IMT (24.25-27.5 GHz)

F

The frequency band 24.25-27.5 GHz is identified by FN 5.532AB for the use of IMT worldwide and allocated to the mobile service on a primary basis. A Reply Liaison Statement from WP5D to WP1A stated that there was a need to assess the impact of Beam WPT on IMT stations in the

this nearby band gave these blocking levels:  A blocking level of ‒86 dBm / 50 MHz[footnoteRef:3] for BS and ‒52.8 dBm / 50 MHz[footnoteRef:4] for UE can be used to assess the impact on IMT stations in the frequency band 24.25-27.5 GHz.  [3:  	Calculation based on BS receiver blocking characteristics available in 3GPP TS 38.104 V18.4.0 (2023-12), “NR; Base Station (BS) radio transmission a “NR; Base Station (BS) radio transmission and reception”. See § 10.3.3 and § 10.5.2.3.]  [4:  	Calculation based on UE receiver blocking characteristics available in 3GPP TS 38.101-2 V18.4.0 (2023-12), “NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone”. See § 7.3.2.3 and § 7.6.2.] 




For UE case, there are several situation that should be considered: 1) UE in the same room as the WPT beam device, 2) UE in the same building but on a lower floor in the case of multistory building, and 3) UE outside the building where there is attenuation by the outer wall of the building.  The table considers WPT beam device to UE distances for distances of 10m, 50m, 100m and  200m.  The calculations for 10m is based on free space loss/minimum path loss only.  The calculation for 50 m distance considers clutter loss in addition to free space loss.  The calculations  distances of 100m and 200m  uses these loss plus P.2109 Building Entry Loss and model the impact on UE outside the building.



Table A2.5 shows the impact of 24.1-24.15 GHz Beam WPT on IMT UE in the 24 GHz IMT band. It can be seen that even at 10m separation with free space propagation in the same room there is no adverse out-of-band impact on the UE performance as more than 10,000 WPT beam transmitters would need to be present at that distance before the blocking level would be met.

TABLE A2.5

Power budget for 24.25-27.5 IMT UE Impact

		Protection criteria used for IMT UE

		

		

		

		



		Atmosphere conditions

		Dry

		Dry

		Dry

		Dry



		Threshold Input Power (dBm)

		-52.8

		-52.8

		-52.8

		-52.8



		IMT UE Antenna Gain at Horizontal (dBi)

		4.00

		4.00

		4.00

		4.00



		Observation Bandwidth (MHz)

		50.0

		50.0

		50.0

		50.0



		Threshold Input Spectral Power (dBW/MHz)

		-100

		-100

		-100

		-100



		Distance from IMT UE Antenna (m)

		10.00

		50.00

		100.00

		200.00



		ISM out of band EIRP

		 

		 

		 

		 



		The field strength levels of emissions which lie outside the 24 GHz band.  Field strength limit (uV/m) FCC 18.305 Field Strength Limits

		25

		25

		25

		25



		Distance of Field strength limit (m)

		300

		300

		300

		300



		EIRP (dBm) out of band per 1 MHz = 10*log10(4*pi*E^2*distance^2 / 0.377).  Also see NTIA Technical Memorandum TM-10-469 Eq-59

		-27.27

		-27.27

		-27.27

		-27.27



		Device EIRP (dB(W/MHz)

		-57.27

		-57.27

		-57.27

		-57.27



		Losses

		 

		 

		 

		 



		Normalized Antenna Gain at Horizontal (Note that the device is ceiling monted and points downward)

		-4

		-4

		-4

		-4



		Free Space Loss (dB)

		79.98

		93.96

		99.98

		106.00



		Gaseous Loss (dB)

		0.00

		0.00

		0.00

		0.00



		Polarization mismatch loss (dB)

		3.0

		3.0

		3.0

		3.0



		Clutter loss (P.2108 at 50%) (dB)

		0.00

		6.01

		13.21

		20.40



		Building Entry Loss P.2109 (P=50%) - Traditional Buildings (dB)

		0.0

		0.0

		19.8

		19.8



		Total Losses (dB)

		87.0

		107.0

		139.9

		153.2



		Calculations

		 

		 

		 

		 



		Single Interferer level at IMT UE Antenna dB(W/MHz) for Traditional Buildings

		-140.2

		-160.2

		-193.2

		-206.4



		Margin for Traditional Bldgs (dB)

		40.5

		60.4

		93.4

		106.6



		Number of Devices for Traditional Bldgs (dB) BEFORE exceeding IMT UE protection criteria

		                      11,117 

		             1,109,126 

		   2,198,853,347 

		   46,067,670,959 







Table A2.6 shows the impact of 24.1-24.15 GHz Beam WPT on IMT BS in the 24 GHz IMT band. It can be seen that even at 10m separation with path losses due only to free space propagation and building penetration loss a BS could operate without OOBE harmful interference even with more than 500 24 GHz Beam WPT devices within this distance.

TABLE A2.6

Power budget for 24.25-27.5 IMT BS Impact

		Protection criteria used for IMT BS

		

		

		

		



		Atmosphere conditions

		Dry

		Dry

		Dry

		Dry



		Threshold Input Power (dBm)

		-86

		-86

		-86

		-86



		IMT BS Antenna Gain at Horizontal (dBi)

		4.00

		4.00

		4.00

		4.00



		Observation Bandwidth (MHz)

		50.0

		50.0

		50.0

		50.0



		Threshold Input Spectral Power (dBW/MHz)

		-133

		-133

		-133

		-133



		Distance from IMT BS Antenna (m)

		10.00

		50.00

		100.00

		200.00



		ISM out of band EIRP

		 

		 

		 

		 



		The field strength levels of emissions which lie outside the 24 GHz band.  Field strength limit (uV/m) FCC 18.305 Field Strength Limits

		25

		25

		25

		25



		Distance of Field strength limit (m)

		300

		300

		300

		300



		EIRP (dBm) out of band per 1 MHz = 10*log10(4*pi*E^2*distance^2 / 0.377).  Also see NTIA Technical Memorandum TM-10-469 Eq-59

		-27.27

		-27.27

		-27.27

		-27.27



		Device EIRP (dB(W/MHz)

		-57.27

		-57.27

		-57.27

		-57.27



		Losses

		 

		 

		 

		 



		Normalized Antenna Gain at Horizontal (Note that the device is ceiling monted and points downward)

		-4

		-4

		-4

		-4



		Free Space Loss (dB)

		79.98

		93.96

		99.98

		106.00



		Gaseous Loss (dB)

		0.00

		0.00

		0.00

		0.00



		Polarization mismatch loss (dB)

		3.0

		3.0

		3.0

		3.0



		Clutter loss (P.2108 at 50%) (dB)

		0.00

		6.01

		13.21

		20.40



		Building Entry Loss P.2109 (P=50%) - Traditional Buildings (dB)

		19.8

		19.8

		19.8

		19.8



		Total Losses (dB)

		106.7

		126.7

		139.9

		153.2



		Calculations

		 

		 

		 

		 



		Single Interferer level at IMT BS Antenna dB(W/MHz) for Traditional Buildings

		-160.0

		-180.0

		-193.2

		-206.4



		Margin for Traditional Bldgs (dB)

		27.0

		47.0

		60.2

		73.4



		Number of Devices for Traditional Bldgs (dB) BEFORE exceeding IMT BS protection criteria

		                              502 

		                       50,126 

		                  1,052,437 

		       22,049,374 
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Normalized Tx Patter vs Azimuth
(Pattern simplified by max-hold for each 10o of azimuth)
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United States of America

Working document towards a preliminary draft 
revision of RecommendatioN ITU-R SM.2151-0 



Background

This Recommendation provides guidance on frequency ranges for the operation of wireless power transmission (WPT) via radio frequency beam (beam WPT), including wireless charging of mobile/portable devices and wireless powered & charging of sensor networks, but not including WPT for electric vehicles.



Proposal

The United States proposes that Recommendation ITU-R SM.2151-0 be amended with the material in the attachment that includes the use of 24.1-24.15 GHz based on the parallel discussions on finalizing the inclusion of this band in the revision of Report ITU-R SM.2505-0 and elevating this draft.

Attachment:	Working document towards a preliminary draft revision of Recommendation ITU-R SM.2151-0 
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[bookmark: dbreak][Editor’s note: The revision of this Recommendation needs to consider the progress of the revision of Report ITU-R SM.2505, which includes impact studies for the new proposed frequency band. Further clarification was also requested on the bandwidth for the new frequency band.]

Summary of the revision

[Editor’s note: Text for the summary of the revision to be developed at a later stage.]

Scope

This Recommendation provides guidance on frequency ranges for the operation of wireless power transmission (WPT) via radio frequency beam (beam WPT), including wireless charging of mobile/portable devices and wireless powered & charging of sensor networks, but not including WPT for electric vehicles.

Keywords

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

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 and 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

Report ITU-R SM.2505

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 radiation in the far field (beam WPT) and near-field inductive, resonant and capacitive coupling (non‑beam WPT);

c)	that beam WPT technologies may be useful in various applications, including wireless charging of mobile/portable devices and wireless powered and charging of sensor networks;

d)	that there is potential customer demand for beam WPT technologies for such applications and associated applications;

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

f)	that some beam WPT utilize frequency bands designated for Industrial, Scientific and Medical (ISM) applications and some systems utilize different frequency ranges;

g)	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;

h)	that administrations wishing to introduce and bring into use beam WPT applications should consider the exposure limits for non-ionizing electromagnetic fields (see noting c)),

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 when considering beam WPT as an ISM application, RR Nos. 5.138, 5.150 and 15.13 should be taken into consideration;

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

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

g)	that some administrations classify beam WPT as an ISM application, even for operation outside the bands designated for ISM applications;

h)	that some administrations classify beam WPT as radio applications such as short-range devices, operating in some bands listed in Recommendation ITU-R SM.1896 and Report ITU-R SM.2153;

i)	that in order to address adequate protections for radiocommunication services from any harmful interference, some administrations may classify certain applications of WPT beam operation as a radio service;

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

k)	that some of the frequency ranges in Table 1 are included in bands that are adjacent to bands allocated to the Earth exploration satellite service (passive), space research (passive) service and radio astronomy service on a primary basis that are subject to RR No. 5.340,

noting

a)	that the International Electrotechnical Commission (IEC) has published Technical Reports IEC/TR 62869 on “Activities and considerations related to wireless power transfer (WPT) for audio, video and multimedia systems and equipment” and IEC/TR 63231 on “Consideration of energy efficiency in wireless power transfer technology” and IEC/TR 63239 on “Radio frequency beam wireless power transfer (WPT) for mobile devices” developed by TC 100;

b)	that this Recommendation will assist administrations in applying Nos. 15.12 and 15.13 not to cause harmful interference to a radiocommunication service from the operation of WPT equipment used for non-ISM and ISM applications, respectively;

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 Report ITU-R SM.2505 provides impact studies information related to the use of some beam WPT,

recommends

1	that administrations may consider as guidance the use of the frequency ranges, or portions thereof, listed in the Table 1 below, for the operation of beam WPT for mobile/portable devices and charging of sensor networks;

2	that necessary steps should be taken to ensure that beam WPT does not cause harmful interference to radiocommunication services, so that radiocommunication services remain protected from radio frequency energy emanating from WPT operations falling into all bands.

TABLE 1

Frequency ranges for operation of beam WPT

		Frequency range

		Suitable beam WPT technologies
and applications



		915-921 MHz

		Wireless charging of mobile/portable devices

Wireless powered and charging of sensor networks



		2 410-2 483.5/2 486 MHz

		



		5 725-5 875 MHz

		



		24.1-24.15 GHz

		



		61-61.5 GHz

		



		NOTE 1 – The frequency ranges listed in this Table indicate those with possible use for beam WPT, noting that some frequency ranges may not be designated for ISM applications, and may not be available for beam WPT applications in some countries, as a result of the different national allocations and regulatory conditions.

NOTE 2 – In some administrations in Regions 1 and 3, the compatibility study of beam WPT is still ongoing and the available frequency ranges for beam WPT are still under consideration.
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