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		Purpose/Objective:  Elevate Working Document to Preliminary Draft Revision



		Abstract:  Doc 1A/104 Annex 6 contains proposed edits to update Report SM.2451-1, “Assessment of impact on radiocommunication services from wireless power transmission for electric vehicle operating below 30 MHz.”  SM.2451-1 Annex 8 contains analyses of the impact of WPT systems to broadcasting services.  At the June 2025 WP1A meetings, the United States introduced a new U.S. study, “Protection ratio tests with potential single-carrier noise to analogue and MA1 digital AM radio” as a working document to become Attachment 8 to Annex 8.  No new edits are proposed to the working document and elevation is proposed to a PDR.



It is noted that the Republic of Korea is expected to withdraw its proposed edits to SM.2451-1 Annex 6, which have been carried forward since 2023 awaiting further studies.
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[bookmark: dbreak]Background

Working Party 1A has been working on the revision of Report ITU-R SM.2451 since May of 2023. The work has developed over the years and is now mature. There are only a few Editor’s Notes that remain to be resolved. The latest version of the document was in Annex 6 to the WP1A Chair’s Report [Doc 1A/104].

Discussion

The United States of America (USA) has reviewed the remaining notes and suggests that WP 1A consider and resolve those notes at the June 2026 meeting and consider elevation to preliminary draft revision status. 

Proposal

The USA proposes WP 1A consider elevation of the working document to a preliminary draft revision of Report ITU-R SM.2451-1.





_________________
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		Purpose/Objective: We have made edits to the document based on feedback from other working groups regarding the impacts of using 24 GHz ISM band for WPT Beam and request elevation.



		Abstract: These changes implement 2 requests in LSs.

An LS from WP 7C pointed out inconsistencies between Recommendation ITU-R RS.1861-1 and ITU-R SM.2505.  It noted that the values in Tables 19, 20 and 21 contain minor inconsistencies with the corresponding values in Recommendation ITU-R RS. 1861-1.  Changes have been made to reflect this recommendation.  These changes have minimal effect on the conclusions of the study.

An LS from WP7D requests deleting a duplicative section.
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		PRELIMINARY DRAFT REVISION OF REPORT ITU-R SM.2505-0
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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. WP 1A received liaisons 1A/111 and 1A/112 that suggested improvements to the document.  

Proposal

The United States proposes that Report ITU-R SM.2505-0 be amended with the material in the attachment to address the improvements that Working Parties 7C and 7D suggested, as well as some feedback from the 1A meeting in 2025 on the impacts of Beam WPT on IMT devices. The proposed changes only involve Study F (24.1-24.15 GHz).

The United States further proposes that WP 1A consider elevation of the document and submission to Study Group 1.

Changes suggested in the liaison statements are highlighted in turquoise, and the resulting changes are highlighted in green.



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


[PRELIMINARY] DRAFT REVISION OF REPORT ITU-R SM.2505-0

Impact studies and human hazard issues for wireless power transmission 
via radio frequency beam

(2022)

{Editor’s Note: 

Some of the frequency bands mentioned in the preliminary draft revision of  Recommendation ITU-R SM.2151 (900MHz, 2.4 GHz and 24GHz) for using beam WPT devices need to be further considered with respect to the blocking effect for the IMT receivers based on the information to be provided by WP 5D with respect to the threshold blocking level in those bands.}

[Note to the Secretariat: The Table of Contents needs to be editorially updated and may not show tracked changes in relation to the approved version of the Report.]
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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
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EMF	Electromagnetic field
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RR	Radio Regulations
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WPT	Wireless power transmission

[bookmark: _Toc107990993][bookmark: _Toc136275907][bookmark: _Toc201221107][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][bookmark: _Toc201221108]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]
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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) (1 400-1 427 MHz band, 2 600-2 700 MHz band, and 4 800-5 000 MHz band, 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: _Toc107990996][bookmark: _Toc136275910][bookmark: _Toc201221110]3.1	Study A (915-921 MHz)

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

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

[bookmark: _Ref35852325]Figure 1 

Test setup in room 1, open area
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Test setup in room 2, anechoic chamber
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Tests were performed on the following types of wireless devices:

TABLE 2

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

		No.

		Type of device

		Frequency range
(MHz)

		Distances tested 
(cm)



		1

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

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



		2

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

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



		3

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

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



		4

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

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



		5

		Wireless Microphone and base station

		904.45-927.45

User Selectable

		0, 10, 30, 100, 200



		6

		Assisted listening device

		863.25-864.75 

User Selectable

		0, 10, 30, 100, 200



		7

		Assisted listening device

		904.65-926.85

User Selectable

		0, 10, 30, 100, 200



		8

		RFID reader

		903-927

Hopping

		0, 10, 30, 100, 200



		9

		RFID reader

		865-868

Hopping

		0, 10, 30, 100, 200







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

Figure 3

Cellphone impact test setup

[image: Graphical user interface, application, Word

Description automatically generated]

Figure 4 

Other In-band device impact test set up
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The results demonstrated that all phones were able to operate without harmful interference on at least one channel and on all channels when separated by 1 m or more from the DUT.

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

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

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

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

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

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

[bookmark: _Toc107990997][bookmark: _Toc136275911][bookmark: _Toc201221111]3.2	Study B (915-921 MHz)

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

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

[bookmark: _Ref35854204]Figure 5

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

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

TABLE 3

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

		No.

		Type of device

		Frequency range 
(MHz)

		Distances tested
(cm)



		1

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50 



		2

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50



		3

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50



		4

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

		0, 10, 20, 30, 40, 50



		5

		Wireless Microphone and base station

		904.45-927.45

User Selectable

		0, 30, 100, 200



		6

		Assisted listening device

		863.25-864.75 

User Selectable

		0, 30, 100, 200



		7

		RFID reader

		903-927

Hopping

		0, 10, 30, 100



		8

		RFID reader

		865-868

Hopping

		0, 10, 30, 100



		9

		Smart hub

		903-914

		10, 30, 100



		10

		Push button

		916

		10, 30, 100





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

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

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

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

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

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

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

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

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

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

[bookmark: _Toc107990998][bookmark: _Toc136275912][bookmark: _Toc201221112]3.3	Study C (917-920 MHz, 2 410-2 486 MHz, and 5 738-5 766 MHz)

Study C shows a summary of the study taken in new rulemaking in Japan on beam WPT technology in 917-920 MHz, 2 410-2 486 MHz and 5 738-5 766 MHz. The Ministry of Internal Affairs and Communications (MIC) of Japan amended relevant ministerial ordinances in May 2022 to issue ‘premises radio station’ licenses to some types of beam WPT devices. The ‘premises radio station’ is an existing kind of station, which is not defined in the RR but is a part of national regulatory measures. A new organization named JWPT (Japan Coordinating Council for Wireless Power Transfer) was established in January 2022 for the operational coordination support to prevent harmful interference between beam WPT and other radiocommunication services. The MIC conducts examination of applications for the WPT ‘premises radio station’ licenses with reference to the result of the operational coordination.

3.3.1	Frequency bands and incumbent radiocommunication systems and services considered in the study

[bookmark: _Hlk55555480]Incumbent radiocommunication systems and services adjacent to or included in 917-920 MHz, 2 410-2 486 MHz and 5 738-5 766 MHz, which were considered in the study, are listed in Table 4, Table 5 and Table 6 respectively.

TABLE 4

917-920 MHz radiocommunication systems and services considered in the study

		System

		Frequency
(MHz)

		Protection criterion

		References



		Digital MCA Service

		930-940
(uplink)

		–108.8 dBm/MHz 
(in band)

–51 dBm (out of band)

		ARIB(1) STD-T85

(Japan)



		

		940-945
(downlink)

		

		



		Advanced MCA Service

		895-900
(uplink)

		–110.8 dBm/MHz 
(in band)

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

		3GPP TS36 104 ｖ8.3.0 (2008-9)



		

		850-860
(downlink)

		–119 dBm/MHz (in band)

–43 dBm (out of band, modulation)

–15 dBm (out of band, CW)

		3GPP TS36 104 ｖ8.3.0 (2008-9)



		LTE-A (Band 8)

		900-915
(uplink)

		–110.8 dBm/MHz 
(in band)

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

		3GPP TS36 104 ｖ8.3.0 (2008-9)



		

		945-960
(downlink)

		–119 dBm/MHz (in band)

–43 dBm (out of band, modulation)

–15 dBm (out of band, CW)

		3GPP TS36 104 ｖ8.3.0 (2008-9)



		RFID (Passive)

		916.7-923.5

		–81 dBm/MHz (in band)

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

		ARIB STD-T106

ARIB STD-T107

(Japan)



		RFID (Active)

		915.9-929.7

		–127 dBm/MHz 
(in band)

–80 dBm (out of band)

		ARIB STD-T108

(Japan)



		Radio astronomy

		1 400-1 427

		–197.4 dBm/MHz

		Rec. ITU-R RA.769-2



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







TABLE 5

2 410-2 486 MHz radiocommunication systems and services considered in the study

		System

		Frequency
(MHz)

		Protection criterion

		References



		Wireless LAN 

		2 400-2 497

		–92 dBm (co channel)

–66 dBm (adjacent channel),

–50 dBm (alternate adjacent channel)

		IEEE Std.802.11-2016



		Premises radio 

		2 400-2 483.5

		–98 dBm

(including 11 dBi 
antenna gain)

		ARIB RCR STD-1

ARIB RCR STD-29

(Japan)



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

		2 483.5-2 494

		–98 dBm (co channel)

–72 dBm (adjacent channel),

–56 dBm (alternate adjacent channel)

(including 6 dBi 
antenna gain)

		Report on MIC Advisory No. 2034

(Japan)



		Geostationary Mobile Satellite Service

		2 500-2 535

		–124.9 dBm/MHz 
(in band)

–41 dBm

(out of band, 
10-25 MHz separation)

		Report on MIC Advisory No. 2032

(Japan)



		Non-Geostationary Mobile Satellite Service

		2 483.55-2 500

		–119.4 dBm/MHz

		Report on MIC Advisory No. 82

(Japan)



		Broadcasting Service: Field Pickup (FPU) 

		2 330-2 370

		–102 dBm/MHz

(mobile relay Uplink)

		Report on MIC Advisory No. 2024

(Japan)



		Radio astronomy

		2 695 

		–187 dBm/MHz

		Rec. ITU-R RA.769-2



		Amateur radio

		2 400-2 450 

		–110.83 dBm/MHz

		JARL(1) requirement



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







TABLE 6

5 738-5 766 MHz radiocommunication systems and services considered in the study

		System

		Frequency
(MHz)

		Protection criterion

		References



		Wireless LAN (W56)

		5 470-5 730

		–63 dBm (adjacent channel),

–47 dBm (alternate adjacent channel)

		IEEE Std.802.11-2016



		Dedicated Short Range Communication (DSRC)

		5 770-5 850

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

–100 dBm (class-2)

		ARIB STD-T75

(Japan)



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

		5 850-5 925

		–101.6 dBm
(equivalent thermal noise level)

		ARIB_STD-B22

(Japan)



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

		5 850-5 925

		–89.4 dBm
(FPU fixed relay station)

		ARIB STD-B33

(Japan)



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

		5 650-5 755

		–98 dBm (in-band),

–72 dBm (adjacent channel),

–56 dBm (alternate adjacent channel)

		Report on MIC Advisory No. 2034

(Japan)



		Weather radar

		5 250-5 372.5

		–120 dBm (noise), 
–40 dBm (CW)

		Rec. ITU-R M.1849-2



		Radio astronomy

		4 700-5 140,
3 000-14 000

		–187 dBm/MHz

		Rec. ITU-R RA.769-2



		Amateur radio

		5 650-5 850

		–110.83 dBm/MHz

		JARL requirement







3.3.2	Specifications and parameters used for the study

Expected specifications and system parameters used for the study are shown in Table 7 and in Figs 7 to 9.

TABLE 7

Expected specifications of beam WPT commercial systems considered

		

		System 4
920 MHz band

		System 5
2.4 GHz band

		System 6
5.7 GHz band



		Transmitter antenna output power 

		1 W (30 dBm)

		15 W (41.8 dBm)

		32 W (45.0 dBm)



		Frequency channels

		918.0, 919.2 MHz
(2 channels)

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

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



		e.i.r.p

		36 dBm Max.

		65.8 dBm Max.

		70.0 dBm Max.



		Tolerance of occupied bandwidth

		200 kHz

		Not specified

		Not specified



		Transmitter antenna directive gain

		6.0 dBi

		24.0 dBi

		25.0 dBi



		Location and height of transmitter antenna

		Located indoor area

		Located indoor area and set on ceiling to look down

		Located indoor area and set on ceiling to look down



		

		2.5 m above floor

		5.0 m above floor

		4.6 m above floor



		Transmitter antenna directive pattern

		Figure 7

		Figure 8

		Figure 9



		Usage environment

		Indoor

		Indoor

		Indoor



		

		WPT controlled environment
and/or WPT general environment

		WPT controlled environment

		WPT controlled environment



		Modulation

		Not specified

		CW

		CW



		Building entry loss

		10.0 dB

		14.0 dB

		16.0 dB







‘WPT controlled environment’ and ‘WPT general environment’ are defined. ‘WPT controlled environment’ is defined as:

–	Indoor and closed area;

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

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

‘WPT general environment’ are defined as the other environment where the above conditions cannot be met.

FIGURE 7

Transmitter antenna directive pattern for 920 MHz band
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FIGURE 8

Transmitter antenna directive pattern for 2.4 GHz band
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FIGURE 9

Transmitter antenna directive pattern for 5.7 GHz band
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3.3.3	Building entry loss consideration

The study referred to building entry loss defined in Section 3 of Recommendation ITU-R P.2109-1.

The building entry loss value depends on the outer wall material. Two building types are shown in Recommendation ITU-R P.2109-1. One is ‘Thermally efficient’ that uses heat shield and heat insulating material with high electromagnetic wave reflection characteristics. The other is ‘Traditional’ that does not use them. The median loss Lh can be given by the calculation formula shown below. Moreover, the loss also depends on the frequency.

[bookmark: _Hlk55806895]		

where r, s, and t are the constants shown in Table 8, and f is the frequency (GHz). Table 9 shows the calculation results for the median loss for the representative frequencies of the three frequency bands used in the wireless power transmission systems via radio frequency beam.

According to Fig. 1 of Recommendation ITU-R P.2109-1, the ‘Thermally efficient’ building type has a large loss by about 15 dB compared to ‘Traditional’, but it is unlikely that thermally efficient construction materials are used for all outer walls of the buildings. The examination was based on the value of the ‘Traditional’ type.

TABLE 8

Model coefficients used for building entry loss calculation 
in Recommendation ITU-R P.2109-1

		Item

		r

		s

		t



		Traditional

		12.64

		3.72

		0.96



		Thermally efficient

		28.19

		–3.00

		8.48







TABLE 9

Calculation results of the median loss for the three frequency bands used in beam WPT

		Item

		920 MHz

		2 450 MHz

		5 750 MHz



		Lh (Traditional)

		12.5 dB

		14.2 dB

		16.0 dB



		Lh (Thermally efficient)

		28.3 dB

		28.3 dB

		30.8 dB







TABLE 10

Building entry loss used for the studies on the impact of beam WPT

		Item

		920 MHz

		2.4 GHz

		5.7 GHz



		Wall loss

		10.0 dB

		14.0 dB

		16.0 dB







3.3.4	Use case scenarios and conditions for Impact Studies on beam WPT

Table 11 shows the use case scenarios and conditions for Impact Studies on beam WPT systems used for impact studies.

[bookmark: _Hlk71198214]The System 4 is mainly used in WPT for wireless-powered sensor network. The System 4 is used in indoor and controlled environment where WPT equipment is controlled by managers of factories, nursing homes and so on. The power consumption of the sensor is about several hundred μW or less.

The System 5 and the System 6 are mainly used in WPT for small displays in addition to the application of the System 4. The System 5 and the System 6 are used in indoor and controlled environment where WPT equipment is controlled by managers of factories, plants, warehouses and so on. The power transmission to the receiver devices requires up to several watts.

TABLE 11

Use case scenarios and conditions for beam WPT systems

		Beam WPT system

		System 4
920 MHz band

		System 5
2.4 GHz band

		System 6
5.7 GHz band



		Usage environment 

		Factory (Indoor), nursing home, etc.

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

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



		Application

		Charging and power supply to sensor network

		Charging and power supply to sensors, display and information devices

		Charging and power supply to sensors, display and information devices



		Number of receiving devices per one WPT transmitter

		5 to 10 devices
(Simultaneous reception)

		1 to several ten devices
(Successive or sequential reception)

		[bookmark: _Hlk71197955]1 to several ten devices
(Successive or sequential reception)



		Power range

		Several μW to several hundred μW

		50 mW to 2 W

		[bookmark: _Hlk71197859]Several mW to several hundred mW



		Power transfer distance

		Less than 5 m

		Less than 10 m

		Less than 10 m



		Coexistence with other wireless systems

		Feasible. Take appropriate interference mitigation and radio protection measures

		Feasible. Take appropriate interference mitigation and radio protection measures

		Feasible. Take appropriate interference mitigation and radio protection measures



		Power transfer while human bodies exist

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

		Off

		Off







3.3.5	Study results

For the WPT systems intended the operation in the 920 MHz band, the system parameters assumed for the impact study (see Table 7) were compliant with the radio regulation including transmission intervals for the RFID systems currently operated in the same frequency range. Minimum separation distances were derived in accordance with the beam WPT characteristics for the case geographical separation distance is necessary to regulate. In addition, Monte-Carlo system-level simulation was performed to assess interfering likelihood from beam WPT to LTE and MCA mobile communication networks.

For the beam WPT systems intended for the operation in the 2.4 GHz band and 5.7 GHz band, the study was conducted with the system parameters (see Table 7) to determine required technical requirements and operational conditions under the current radio regulation including frequency allocation and operational conditions. Study results in 2.4 GHz band and 5.7 GHz band are summarized as follows:

1)	Clear Channel Assessment (CCA) mechanism shall be adopted to coexist with WLAN systems and / or Specified Low Power Radio Stations. It turned out that WLAN system performance such as throughput can be maintained without harmful interference by adding CCA mechanism.

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

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

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

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

Furthermore, a comprehensive beam WPT management rule regarding WPT operation environment and WPT radio frequency EMFs was defined and can be applied specific use cases using the frequency bands to abide by the Radio Radiation Protection Guidelines. See Annex 1 for details. Thus, required technical requirements and operational conditions not to cause harmful impact to the existing systems and services were determined.

Below shows individual summaries of the study per incumbent system.

3.3.5.1	917-920 MHz

(1)	Digital MCA service

The study referred to the examination methodologies and results on the past coexistence study when RFID system was introduced in 917-920 MHz. Beam WPT in the band was assumed almost the same technical conditions for assessment as RFID. Possibility of harmful impact is extremely low while keeping the given conditions and expecting additional propagation loss due to building entry loss. The condition includes the separation distance, adjustment of setting conditions and measures to mitigate interferences.

(2)	Advanced MCA service

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

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

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

However, regarding the use with the WPT system in the same room, the WPT users will be alerted the possibility of interference to MCA stations.

(3)	LTE-A (Band 8)

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

(4)	RFID (Passive)

The WPT system and RFID system can be shared on the same channel if a separation distance of about 6 m is secured. If the separation distance cannot be secured, those system can coexist by changing the WPT transmit channel and/or RFID channel, or shield with a wall.

(5)	RFID (Active)

The passive RFID system is assumed coexisting with the active RFID system. The WPT system can be coexist with active RFID system because of the specification of WPT system is almost same as passive RFID interrogator.

(6)	Radio astronomy

The minimum separation distance at the same altitudes was calculated with the free space loss model to be 37.5 km using the measured spurious emission level of –60.5 dBm/MHz. A WPT system will be located outside a restricted area with the minimum separation distance from a radio astronomy station. When a WPT system or a radio astronomy station are located with different altitude, the minimum separation distance would be different from that calculated above.

3.3.5.2	2 410-2 486 MHz

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

(1)	Wireless LAN

The simulation using the CCA mechanism on the beam WPT system was conducted to study the impact to the Wi-Fi devices located outside of the WPT controlled environment. The decline of the throughput of those Wi-Fi devices could be suppressed with appropriate parameters of CCA mechanism, compared with the case when another Wi-Fi AP was operated at the same location instead of the beam WPT inside the WPT controlled environment. Antenna directions should be adjusted not to directly face each other to prevent the device being damaged.

(2)	Premises radio

Within the beam WPT controlled environment the operation of the premises radio can be managed and controlled by the same operator as for the beam WPT. Moreover, within the 84.9 m from the beam WPT location it can be suppressed the transmission with the CCA mechanism when premises radio is transmitting. Antenna directions should be adjusted not to directly face each other to prevent the device being damaged.

(3)	Unmanned mobile image transmission system

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

(4)	Geostationary mobile satellite service

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

(5)	Non-geostationary mobile satellite service

Separation distance was calculated of in band interference with extend Hata model and it was 0.96 km. Since Non-Geostationary Mobile Satellite Service is generally used in the location where cellular mobile system cannot be reached in Japan and the beam WPT does not possibly exist, the harmful interference can be avoided. If necessary, the operational coordination is performed between WPT systems and mobile satellite communication systems.

(6)	Broadcasting service: Field Pickup (mobile Electronic News Gathering)

Separation distance was calculated in various scenarios and systems and with the antenna directivity it does not cause harmful interference when satisfying 10 m separation distance outside the WPT controlled environment. BEAM WPT systems shall abide by the condition of the necessary separation distance and installation.

(7)	Radio astronomy

Separation distance was calculated for each radio astronomy station operating 2 695 MHz considering clutter loss. The minimum separation distances at the same altitudes are 5.7 km or 1.6 km depending on the environment of the site. To avoid the harmful interference to a radio astronomy station a restricted area with these separation distances around the radio astronomy station will be established. The beam WPT antenna is installed on the ceiling and radiates primarily downward. The horizontal radiation limit is defined in terms of e.i.r.p.. For this reason, horizontal radiation from inside the building to the outside will be the worst-case scenario when both a WPT station and a radio astronomy station have the same altitudes.

When the altitude of the radio astronomy station is higher than the WPT station, the directivity gain becomes lower and the separation distance becomes shorter. On the other hand, when the altitude of the radio astronomy station is lower than the WPT station, the directivity gain becomes higher and the separation distance becomes longer. 

(8)	Impact study for Radio Amateur

Separation distance was calculated considering clutter loss. Two out of four frequencies of beam WPT are co-channel with Radio Amateur, which need 4.4 km separation distance with 18 dBi Radio Amateur antenna. Considering antenna directive loss and using adjacent band if necessary, the harmful interference can be avoided. If necessary, the operational coordination is performed between WPT systems and amateur radio systems.

3.3.5.3	5 738-5 766 MHz

(1)	Wireless LAN

Simulation was conducted to study the impact of the beam WPT system to the Wi-Fi system that operate outside the WPT controlled environment. When CCA mechanism with appropriate parameters was applied to the beam WPT system, the impact to the Wi-Fi throughput was equivalent to the case when another Wi-Fi system existed instead of the beam WPT system. In the WPT controlled environment, assuming the condition to be under control by the identical system operator of both systems, carrier sensing works well. Antenna directions should be adjusted not to directly face each other to prevent the device being damaged.

(2)	Dedicated Short Range Communication (DSRC)

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

(3)	Broadcasting service: Studio to Transmitter Link (STL) and Transmitter to Transmitter Link (TTL)

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

(4)	Broadcasting service: Field Pickup (FPU) and Transmitter to Studio Link (TSL) systems

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

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

(5)	Unmanned mobile image transmission system

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

(6)	Weather radar

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

(7)	Radio astronomy

The minimum separation distances at the same altitudes were calculated with the free space loss model to be 1.1 km or 1.7 km for 4 995 MHz and 10 650 MHz radio astronomy stations. To avoid the harmful interference to a radio astronomy station, the minimum separation distance should be kept. The beam WPT antenna is installed on the ceiling and radiates primarily downward. The horizontal radiation limit is defined in terms of e.i.r.p. For this reason, horizontal radiation from inside the building to the outside will be the worst-case scenario.

When the altitude of the radio astronomy station is higher than the WPT station, the directivity gain becomes lower and the separation distance becomes shorter. On the other hand, when the altitude of the radio astronomy station is lower than the WPT station, the directivity gain becomes higher and the separation distance becomes longer.

(8)	Impact study for Radio Amateur

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

[bookmark: _Toc107990999][bookmark: _Toc136275913][bookmark: _Toc201221113][bookmark: _Hlk103367055]3.4	Study D (2 483.5-2 500 MHz)

3.4.1	General description

The frequency band 2 483.5-2 500 MHz has been used for systems of FS, Mobile, MSS, etc. Study D, provided by China, shows the simulation of compatibility analysis between the Beam WPT and the COMPASS GSO MSS system. Relevant parameters of the COMPASS GSO MSS system has been stipulated in the Recommendation ITU-R M.1184 − Technical characteristics of mobile satellite systems in the frequency bands below 3 GHz for use in developing criteria for sharing between the mobile-satellite service (MSS) and other services.

Figure 10 shows the corresponding simulation scenario, where the Beam WPT is settled in an ordinary wall room without fire-retardant coating. Assume that the transmitter of Beam WPT is placed beneath the indoor ceiling, 5 m above the ground. The COMPASS GSO MSS mobile terminal is placed outside, 10m away from the projection region of Beam WPT. When the Tx Beam WPT transmits radio signals downward, the signals penetrate the wall and may have the possibility causing interference to COMPASS GSO MSS mobile terminal.

By using the protection criteria of I/N = −6 dB and −10 dB, this study carries out the protection separation distance between the said Beam WPT transmitter and the COMPASS GSO MSS mobile terminal. Taking into account the lack of detailed parameters of Beam WPT devices, the study can only implement the parameters given in the Table 12.

FIGURE 10

The scenarios of Beam WPT with COMPASS GSO MSS receiver for interference simulation
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3.4.2	Parameters used in this study

The parameters used for simulation are shown in Table 12.

TABLE 12

Parameters used in the study

		Beam WPT transmitters

		Output Power

		15 W (41.8 dBm)



		

		Centre frequency

		2 484 MHz



		

		[bookmark: OLE_LINK1]Bandwidth

		500 kHz,()

10 MHz,()



		

		Location and height of transmitter antenna

		Located indoor area and set on ceiling to look down



		

		

		5.0 m above floor



		

		Transmitter antenna gain

		Figure 11

（−5 dBi）



		

		Building entry loss

		14.0 dB



		COMPASS GSO MSS Receivers

		Height of receivers

		1.5 m



		

		Centre frequency

		2 491.5 MHz



		

		Bandwidth

		16.5 MHz



		

		Terminal noise temperature

		330K

（）

（）



		Simulation conditions

		Interference to noise ratio

		−6 dB/ −10 dB



		

		Location

		Suburb



		

		Propagation model

		Hata model









Figure 11 shows the transmitter antenna pattern of WPT. This antenna pattern has been used in § 3.3 in the Study C. As is shown in the figure, due to the use of beam forming technology in WPT, it has five beams within 60 degrees of off-axis angle of the antenna. In order to calculate the maximum interference distance to COMPASS GSO MSS terminals, this study chose the same parameter as Study C, i.e. the beam with a phase adjustment of 60 degrees is mainly considered, and the off-axis angle of the transmitted signal is close to 90 degrees when the actual interference occurs (WPT height: 5 metres, MSS terminal height: 1.5 metres, the maximum interference distance between the both is greater than 100 metres). Therefore, the transmitting antenna gain can be set as −5 dBi.

Figure 11

Transmitter antenna pattern
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3.4.3	Study results

[bookmark: _Hlk103367159]By considering that the Beam WPT’s transmission bandwidth is 500 kHz and 10 MHz respectively, relevant separation distances can be concluded as shown in Table 13 below. The separation ranges from 820 m to 2 160 m, between Beam WPT and COMPASS GSO MSS mobile terminal.

According to the descriptions from Report ITU-R SM.2392, some Beam WPT system operates indoor or outdoor. The actual interference situation needs further studies case by case, to determine whether the separation distance is enough or not (especially that 2 160 m is somehow a challenging separation distance for specific scenario).

It should also be highlighted, this study result is based on the parameters given in § 3.4.2, yet the parameters of future commercial products of Beam WPT and its implementing scenario are still unknown. Therefore, further studies are also needed.

TABLE 13

Maximum interference distance

		I/N CRITERIA

BEAM WPT

Tx BW

		−6 dB

		−10 dB



		500 kHz

		1.72 km

		2.16 km



		10 MHz

		0.82 km

		1.03 km







[bookmark: _Toc107991000][bookmark: _Toc136275914][bookmark: _Toc201221114]3.5	Study E (915-921 MHz)

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

The tests were performed in two separate rooms. The first was a real-world test performed in a regular room and on a wooden countertop where other signals were present, as illustrated in Fig. 12. The second room was an anechoic chamber, as described in ETSI EN 302 208 V3.1.1 (2016-11) Annex B.1.2 and as illustrated in Fig. 13. This anechoic chamber was used to demonstrate whether the results found in the regular room were repeatable in a free-space environment and whether any degradation of signal was due to the noisy environment. The tests were performed in the exact same manner, detailed further below, in each room. The results from each of the tests did not have any discrepancies; as such, only one set of results is presented below.

Figure 12

Test setup in room 1, open area
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Figure 13

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

TABLE 14

Types of devices used, frequencies and distances in Study E

		No.

		Type of device

		Frequency range
(MHz)

		Distances tested
(cm)



		1

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

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



		2

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

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



		3

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

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



		4

		Cellphone

		Uplink: 888.0-915.0

Downlink: 925.2-960.0

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



		5

		Wireless Microphone and base station

		904.45-927.45

User selectable

		0, 10, 30, 100, 200



		6

		Assisted listening device

		863.25-864.75 

User selectable

		0, 10, 30, 100, 200



		7

		Assisted listening device

		904.65-926.85

User selectable

		0, 10, 30, 100, 200



		8

		RFID reader

		903-927

Hopping

		0, 10, 30, 100, 200



		9

		RFID reader

		865-868

Hopping

		0, 10, 30, 100, 200





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

Figure 14

Cellphone impact test setup
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Figure 15 

Other In-band device impact test set up
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The results demonstrated that all phones were able to operate without harmful interference on at least one channel and on all channels when separated by 1 m or more from the DUT.

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

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

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

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

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

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

[bookmark: _Toc128400034][bookmark: _Toc129591702][bookmark: _Toc108775419][bookmark: _Toc201221115]3.6	Study F (24.1-24.15 GHz)

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.

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 a

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 RR No. 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». 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]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.  

The study shows that while out-of-band emissions from a large number of indoor 24 GHz WPT Beam devices may cause harmful interference to radio astronomy observatories, most radio astronomy antennas are located in remote areas where few non observatory buildings exist, i.e., its environment is rural rather than urban or suburban.  The results in Table A2.3 show that if the WPT systems are kept at a distance of at least 20 km. by regulations of the administration authorizing them, more than 750 devices would be necessary at that distance to cause harmful interference to the observatory.  The number necessary to create interference increases rapidly for larger distances.  At present there are fewer than 100 such observatories on Earth so such WPT devices would only have to be forbidden on a minuscule part of the Earth’s surface in what are generally remote areas.

[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 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)

		23.8

		23.8

		23.8

		23.8

		23.8

		23.8



		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

		57.5

		0.0

		64.0

		0.0

		65.0



		Angle from Ground to Sensor (°)

		37.7

		32.5

		90.0

		26.0

		90.0

		25.0



		Slant path distance (km)

		1227.3

		1379.0

		833.0

		1562.9

		824.0

		1621.5



		Antenna efficiency

		0.6

		0.6

		0.6

		0.6

		0.6

		0.6



		Effective antenna diameter (m)

		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)

		23.8

		23.8

		23.8

		23.8

		23.8

		23.8

		23.8



		orbit altitude (km)

		699.6

		830

		830

		830

		1336

		814.5

		830



		Off-nadir angle (°)

		47.5

		49.31

		0.0

		44.8

		2.65

		1.9

		53.3



		Antenna gain (dBi)

		48.5

		37

		37

		41.5

		42.3

		41

		45.7



		Incidence angle at footprint (°)

		55

		58.6

		0.0

		52.8

		3.2

		2.1

		65.0



		Estimated Angle from Ground to Sensor (°)

		35.0

		31.4

		90.0

		37.2

		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 efficiency

		0.6

		0.6

		0.6

		0.6

		0.73

		0.6

		0.6



		Effective Antenna diameter (m)

		1.38

		0.37

		0.37

		0.62

		0.61

		0.58

		0.99



		-3dB beamwidth (horizontal) (°)

		0.75

		2.70

		2.70

		1.65

		1.40

		1.80

		1.00



		-3dB beamwidth (vertical) (°)

		0.75

		2.70

		2.70

		1.65

		1.40

		1.80

		1.00



		IFOV Area (km²)

		306

		6769

		1202

		1703

		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)

		23.8

		23.8

		23.8

		23.8

		23.8



		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 (°)

		53.0

		52.8

		53.0

		2.2

		55.0



		Estimated Angle from Ground to Sensor (°)

		37.0

		37.2

		37.0

		87.8

		35.0



		Slant path distance (km)

		643.1

		641.6

		1461.7

		970.8

		1061.7



		Antenna efficiency

		0.594

		0.6

		0.6

		0.69

		0.6



		Effective Antenna diameter (m)

		1.10

		1.11

		0.86

		0.92

		1.38



		-3-dB beamwidth (horizontal) (°)

		0.80

		0.85

		1.12

		0.98

		0.65



		-3-dB beamwidth (vertical) (°)

		0.80

		0.85

		1.12

		0.98

		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.

3.6.13 	EESS(a)

The secondary allocation for EESS(a) at 24.05-24.25 GHz is subject to the terms of RR No. 5.150, which states “Radiocommunication services operating within these bands must accept harmful interference which may be caused by these applications. ISM equipment operating in these bands is subject to the provisions of No. 15.13”, which states that “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 and, in particular, to a radionavigation or any other safety service operating in accordance with the provisions of these Regulations”

3.6.14	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 application using the blocking criteria provided by WP 5D. It is shown that the blocking criteria are exceeded only for WPT Beam device placed in the same room as the IMT UE device where its receiver is configured at highest sensitivity.

[bookmark: _Toc123716812]3.6.15	Summary

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 RR No. 15.13 is met. 

For IMT UE and BS in the upper adjacent band, interference levels are not exceeded for plausible densities of WPT beam equipment according to the criteria provided by WP5D, which considered only out-of-band emissions from the WPT signals in 24.1-24.15 GHz into the 24.25-27.5 GHz band.  There is a possibility of blocking interference to IMT receivers from power in the ISM band (24.1-14.15 GHz) due to limited ability to reject strong signals in the lower ISM band.  At this time, there is no published quantitative recommendation for receiver immunity to such signals and there is little operational experience about the ability of production units to reject strong adjacent band signals.  It is possible that IMT receivers operating in the 24 GHz band in indoor rooms with 24 GHz beam WPT systems operating might experience blocking interference when operating within a few meters of the beam from the WPT transmitter to the desired power destination.

In the worst case such interference would be limited to a small area of a few square meters surrounding the highly focused transmitted signal path.  The necessary RF safety feature would greatly reduce the power in many cases where a user approaches the power beam.  In general, the 24.25-27.5 GHz band will be mainly used for outdoor IMT paths since there is much higher building penetration loss in this band than in lower bands. While this band is identified for IMT, its use for that will vary from administration to administration. 

Administrations considering the use of 24 GHz Beam WPT in their jurisdictions that have chosen to authorize 24.25-27.5 GHz IMT band use may wish to consider the possible impact of such WPT use on indoor IMT operations in their jurisdiction.

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.

[bookmark: _Toc107991001][bookmark: _Toc136275915][bookmark: _Toc201221116]3.67	Study F G (61-61.5 GHz)

3.67.1	Radio services considered in the study

This section contains a study that examines the out-of-band emission limits necessary to ensure protection criteria are met for the Earth Exploration Satellite Service (passive) (EESS (passive)) and Radio Astronomy Service (RAS). This study deals with use of segments the ISM band at 61‑61.5 GHz for beam WPT.

3.67.2	Considerations for 61-61.5 GHz 

The technology being considered at this frequency involves a narrow band transmission which has a bandwidth of approximately 0.02% in the case of the 61 GHz ISM band. The maximum 10 MHz bandwidth comes from three sources: phase noise of the frequency source, incident random phase modulation on the transmitted signal from continuous minor adjustments of the phase shifters in the antenna elements to maintain focus on the intended destination, and low index modulation of the CW carrier for communications between the transmitter and power destination used to both maintain a tight focus of the band on the destination and to implement active safety features that decrease power when an object or a human or pet approach the high power flux-density (pfd) volume near the intended destination.

3.67.3	Impact 61-61.5 GHz beam WPT

This band is a designated ISM band per RR No. 5.138, which provides that “The use of these frequency bands for ISM applications shall be subject to special authorization by the administration concerned, in agreement with other administrations whose radiocommunication services might be affected. In applying this provision, administrations shall have due regard to the latest relevant ITU‑R Recommendations.” The primary allocations for this band are fixed, inter-satellite, mobile and radiolocation. In addition, many administrations have designated this band and nearby bands for SRDs. Such SRDs generally have narrow beam width antennas, facilitated by the short wavelength at this band, and thus are resistant to point sources of RF power.

The nearest band allocated for EESS (passive) is at 59-59.3 GHz (1.7 GHz below) and the nearest band allocated for RAS is at 76-77.5 GHz, 14.5 GHz above. The EESS (passive band) at 59‑59.3 GHz is within the ‘60 GHz’ oxygen absorption band, and has 13 dB/km attenuation by atmospheric gases at sea level for horizontal paths although this attenuation decreases at higher altitudes and for higher elevation angle paths. The conditions of RR No. 5.138 appear appropriate to protect other services regarding the use of this technology in this band.

3.67.4	Human hazard issues for 61-61.5 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 pfd at and near the power receiving area that could violate applicable safety standards. This situation is avoided by active measures that detect the presence of objects near the high pfd volume and reduces or ceases power transmissions when such objects are detected.

The strategy being followed is to make sure applicable safety standards are met: systems will employ multiple, independently operating and independently testable safeguards that will ensure that exposure requirements are met. These sensors can be 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 they 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.

TABLE 1522

RF safety standard levels for 61 GHz band in the United States

		Band
(GHz)

		Maximum permissible exposure (MPE) for 
occupational/controlled exposure 
(mW/cm2)

		Maximum permissible exposure (MPE) for general population/uncontrolled exposure (mW/cm2)



		61-61.5

		5.0

		1.0





[bookmark: _Toc86046445][bookmark: _Toc107991002]

[bookmark: _Toc136275916][bookmark: _Toc201221117]3.78	Study G H (915-921 MHz, 2 410-2 486 MHz and 5 738-5 766 MHz)

When radio telescopes are located in remote areas, this is in order to limit interference and to allow observation of the cosmos in frequency bands that are heavily used in urban areas. To assist in these goals, some radio telescopes operate in locally-administered radio quiet zones wherein emissions are managed across the radio spectrum as explained in Report ITU-R RA.2259.

WPT devices operating in frequency bands designated for the use of ISM applications present a case requiring particular care, given that they operate under RR No. 5.150. Radio astronomy is considered as a radiocommunication service operating under RR No. 4.6.

[bookmark: _Toc86046446]3.78.1	Radio services and bands considered in the study

The study considers compatibility of radio astronomy service operations with WPT devices operating in three ISM bands selected from among the entries in Table 1 as given in Table 16. The study calculates the isolation (in dB) from WPT radiation that is needed to reach to radio astronomy protection levels given in Recommendation ITU-R RA.769, at the frequency of the WPT operation (Table 16) and at three frequencies used by the radio astronomy service (Table 17). Calculations at the radio astronomy frequencies all assume the same radiated power density –71.3 dBW/1 MHz that many administrations specify when limiting radiation from ISM devices above 1 GHz, corresponding to an electric field of 500 V/m measured at 3 m in a 1 MHz bandwidth, as converted to power using equation (2) in Report ITU-R RA.2131.

[bookmark: _Toc86046447]3.78.2	Details of the calculations

3.78.2.1	Radiation at WPT frequencies

The WPT frequencies, gains and power levels in Table 16 23 are those of Systems 2, 5 and 6 in Table 1. Specific attenuations Atten_wet and Atten_dry (dB/km) are taken from Recommendation ITU-R P.676 for dry and standard (std) atmospheres. The quantity T_769 is the radio astronomy service protection threshold power flux interpolated between values in column 8 of Table 1 in Recommendation ITU-R RA.769-2.

TABLE 1623

Parameters used in the WPT frequency calculations

		Frequency (GHz)

		P_wpt 
(dB W)

		Gain_wpt
(dBi)

		T_769
(dB W/m2)

		Atten_dry 
(dB/km)

		Atten_std
(dB/km)

		 at d=100 km
(dB)



		0.920

		11.761

		8.24
0

		–183

		0.005

		0.005

		95
87



		2.4

		11.761

		24
0

		–177

		0.006

		0.006

		105
81



		5.8

		15.051

		25
0

		–169

		0.0075

		0.009

		114
89







3.78.2.2	Radiation at radio astronomy frequencies

Characteristics of the radio astronomy bands shown in Table 17 24 were taken from Recommendation ITU-R RA.769 and RR No. 5.149, and the power levels into the bands are calculated by multiplying P'_wpt = –71.3 dB W/MHz by the RAS bandwidth.

TABLE 1724

Parameters used in the radio astronomy frequency calculations

		Frequency (GHz)

		P_wpt 
(dB W)

		Gain_wpt
(dBi)

		T_769
(dB W/m2)

		Atten_dry 
(dB/km)

		Atten_std
(dB/km)

		 at d=100 km
(dB)



		1.400-1.427

		–57.0

		0

		–180

		0.005

		0.005

		12



		2.69-2.70

		–61.3

		0

		–177

		0.006

		0.006

		5



		6.65-6.6752

		–57.3

		0

		–168

		0.0075

		0.009

		–1







Figure 16

Isolation needed at WPT frequencies
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[bookmark: _Toc86046449]3.78.2.3	Calculations

The study calculates the power flux from WPT at distance d(m) in free space with specific attenuation A (dB/km) = Atten_dry and Atten_std, and takes the logarithmic difference of this with the threshold values in Recommendation ITU-R RA.769. Results are shown for the values of WPT gain in Table 1724, including for 0 dBi. Gain of the radio astronomy system is 0 dBi as assumed to set threshold levels in Recommendation ITU-R RA.769.

Specifically, the study computes numerical values of 



		 (dB) = P_wpt + Gain_wpt – T_769 – 10 log (4) – 20 log (d) – A*d/1000



as shown in Figs 16 and 17 for the WPT-frequency and RAS-frequency cases, respectively. In each Figure, the results are shown for the dry and standard atmospheres but the difference is barely recognizable. The WPT gain is shown in order to facilitate derivation of isolation for the case of 0 dBi WPT gain.

3.78.3	Results

Results for the calculation of  at the WPT frequencies are shown in Fig. 16, and the rightmost column in Table 16 23 shows the values of  calculated at d = 100 km, in this case ranging from 80 to 110 dB.

Results in radio astronomy bands are shown in Fig. 17, and values of  at a line-of-sight separation of 100 km are –1 to 12 dB in Table 1724.

Figure 17

Isolation needed at radio astronomy frequencies
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3.78.4	Summary

To meet the interference thresholds in Recommendation ITU-R RA.769, isolation of radio astronomy facilities from WPT devices operating in ISM bands is required. Under certain circumstances exclusion zones need to be considered, based on the permitted power levels and propagation losses from the local terrain. For RAS systems operating in the bands outside the fundamental emissions of beam WPT systems, national administrators need to ensure that the permitted out-of-band and spurious emissions under current national regulatory standards do not cause harmful interference by including considerations of link budgets, building entry loss, clutter and terrain loss, line of sight and diffraction considerations. This may also be determined based on a combination of measurement and analysis.

[bookmark: _Toc107991003][bookmark: _Toc136275917][bookmark: _Toc201221118]4	Human hazard issues

Administrations are encouraged to follow the guidelines set by the ICNIRP and IEEE expert groups, or limits set by their own experts. Human exposure to electromagnetic fields (EMF) is addressed by a number of regulatory agencies as well as international expert organizations such as the World Health Organization (WHO), the Institute of Electrical and Electronics Engineers (IEEE), and the International Commission on Non-Ionizing Radiation Protection (ICNIRP). Below are the ICNIRP Guidelines on EMF:

1)	ICNIRP (1998): Guidelines for limiting exposure to time‐varying electric, magnetic and electromagnetic fields (up to 300 GHz);

[bookmark: _Hlk49676124]2)	ICNIRP (2020): Guidelines for limiting exposure to electromagnetic fields (100 kHz to 300 GHz).

IEEE C95.1-2019 is the “IEEE Standard for Safety Levels with Respect to Human Exposure to Electric, Magnetic, and Electromagnetic Fields, 0 Hz to 300 GHz”.

[bookmark: _Hlk54011570]IEEE C95.1 (2019) and ICNIRP (2020) Guidelines (and ICNIRP (1998)) are largely harmonized: the power-density limits whole-body levels above 30 MHz are identical. When considering EMF exposure from beam WPT, the most relevant references are ICNIRP (2020) and IEEE C95.1-2019.

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

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

[bookmark: _Toc107991004][bookmark: _Toc136275918][bookmark: _Toc201221119]5	Summary

It should be noted that studies provided in this Report refer mostly to specific national regulations.

The various studies in this Report have demonstrated that the proposed beam WPT systems can generally coexist with incumbent radiocommunications services and stations that have been studied. In certain cases, depending on the national regulations, some mitigations may be necessary. 

Studies A, B and E presented test data for beam WPT systems in the 915-921 MHz band operating under the national regulations. The results demonstrated that such systems can coexist with incumbent devices with very little interference as permitted under the rules and with recommended user mitigation approaches.

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

Study D carried out a case study on compatibility analysis between the Beam WPT and the COMPASS GSO MSS system (operating in the frequency band 2 483.5-2 500 MHz). The study result shows that separation ranges from 820 metres to 2 160 metres is needed to avoid harmful interference from Beam WPT to COMPASS system. Bearing in mind that some Beam WPT system operates indoor or outdoor, and the unknown commercial Beam WPT’s parameters and operating scenario, further careful studies are needed to be carried out by Administrations, even case by case, to determine whether the separation distance is enough or not (especially that 2 160 m is somehow a challenging separation distance for specific scenario).

Study C further reports frequency sharing conditions with additional measures for incumbent service protection and human body protection from WPT RF exposure. A result on beam WPT in 917-920 MHz under the WPT technical condition equivalent to the existing RFID system demonstrates coexistence capability with systems in the same and neighbouring bands. Another result in 2 410-2 486 MHz and 5 738-5 766 MHz bands addresses adoption of WLAN CCA mechanism to WPT systems and provisions on necessary separation distances. A comprehensive beam WPT operating management rule regarding WPT operation environment and EMFs is provided as a regulatory guideline.

Study F studied various applications that could be affected by WTP Beam in the 24.1-24.15 GHz, ISM band. For EESS (Passive) systems, the study demonstrated that the number of WPT (wireless power transfer) ISM devices that can safely operate varies widely—from 67 to over 350,000 devices per km²—depending on the characteristics of each EESS (passive) sensor. When WPT systems are used indoors with downward-pointing beams with building entry losses between 3 dB and >40 dB, tens or more devices per km² can typically be deployed without exceeding Recommendation ITU-R RS.2017 protection limits, even for the most sensitive sensors listed in Recommendation ITU-R RS.1861. For IMT UE and BS in the upper adjacent band, interference levels in the IMT band (24.25-27.5 GHz) are not exceeded for plausible densities of WPT beam equipment even in the case of user equipment 10m away from the WPT beam device. 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 detailed in Article 29 of the RR. It is noted that the analysis excludes potential interference from other non-WPT sources and makes assumptions about building losses and deployment density that could affect outcomes. Administrations should ensure indoor, downward-pointing use of WPT devices to comply with RR No. 15.13 protection requirements.

Study F G states that based on system performance analysis, current national regulations are adequate to protect incumbent systems at 61-61.5 GHz frequency band.

Study G H indicates that to meet the interference thresholds in Recommendation ITU-R RA.769, isolation of radio astronomy facilities from WPT devices operating in ISM bands is required. Under certain circumstances exclusion zones need to be considered, based on the permitted power levels and propagation losses from the local terrain. For RAS systems operating in the bands outside the fundamental emissions of beam WPT systems, national administrators need to ensure that the permitted out-of-band and spurious emissions under current national regulatory standards do not cause harmful interference by including considerations of link budgets, building entry loss, clutter and terrain loss, line of sight and diffraction considerations. This may also be determined based on a combination of measurement and analysis.





[bookmark: _Toc107991005][bookmark: _Toc107991006][bookmark: _Toc201221120]Annex 1

RF exposure environmental control to comply with the Radio Radiation Protection Guidelines, the case of Japan

[bookmark: _Toc107991007][bookmark: _Toc136275919][bookmark: _Toc201221121]A1.1	Beam WPT installation environments

[bookmark: _Hlk53586123]The Information and Communication Council of the Ministry of Internal Affairs and Communications (MIC) of Japan defined the WPT indoor installation environments by the names of the WPT controlled environment and the WPT general environment to manage and control radiofrequency EMF exposure generated from the beam WPT system to human bodies in the operation of Japanese 920 MHz band (915-930 MHz), 2.4 GHz band (2 400-2 499 MHz) and 5.7 GHz band (5 470-5 770 MHz) to comply with the Japanese Radio Radiation Protection Guidelines (RRPG) as follows.

[bookmark: _Toc107991008]A1.1.1	WPT controlled environment

The WPT controlled environment is summarized as shown below:

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

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

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

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

[bookmark: _Toc107991009]A1.1.2	WPT general environment

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

[bookmark: _Toc107991010][bookmark: _Toc136275920][bookmark: _Toc201221122]A1.2	Compliance with the RRPG

A1.2.1	Separation distance

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

TABLE A1.1

Separation distances to meet the RF exposure limits of the RRPG

		Band

		Environmental condition defined in the RRPG

		Reflection coefficient
K = 1(1)

		Reflection coefficient
K = 2.56(2)

		Reflection coefficient
K = 4(3)

		Adding 6 dB to EMF strength(4)



		

		

		

		

		

		Reflection coefficient
K = 2.56

		Reflection coefficient
K = 4



		920 MHz 

		Controlled environment

		0.102 m

		0.163 m

		0.203 m

		0.325 m

		0.4065 m



		

		General environment

		0.227 m

		0.364 m

		0.456 m

		0.727 m

		0.912 m



		2.4 GHz 

		Controlled environment

		2.45 m

		3.92 m

		4.90 m

		7.82 m

		9.80 m



		

		General environment

		5.48 m

		8.76 m

		10.95 m

		17.49 m

		21.90 m



		5.7 GHz 

		Controlled environment

		4.00 m

		6.40 m

		8.00 m

		12.80 m

		16.00 m



		

		General environment

		9.00 m

		14.30 m

		17.80 m

		28.50 m

		35.70 m



		(1)	No reflections counted.

(2)	Reflections from the ground counted.

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

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







A1.2.2	Directions

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

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

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

[bookmark: _Toc201221123]Annex 2

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

[bookmark: _Toc123716813][bookmark: _Toc128400041][bookmark: _Toc129591709][bookmark: _Toc201221124]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.

Figure A2.1 

In-band and out-of-band radiation patterns

[image: Diagram

Description automatically generated]

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 Recommendation 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 Recommendation 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 (°)

		35.0

		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.]

[bookmark: _Toc201221125]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

		32.5

		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

		25.0

		3 411.0

		211 353

		62

		1 057



		F8

		48.5

		35.0

		306.3

		22 552

		73

		113



		F9 (MWS) (Outer)

		37

		31.42

		6 769

		424 454

		62

		2 122



		F9 (MWS) (Nadir)

		37

		90.00

		1 202

		> 60 million

		> 49 900

		> 300 000



		F10 (MWI)

		41.5

		37.2

		1 703

		163 443

		96

		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

		37.0

		106.0

		13 751

		130

		69



		F15

		46.6

		37.17

		121.9

		13 421

		110

		67



		F16

		45

		37.0

		933.1

		98 636

		106

		493



		F17

		45

		87.8

		216.4

		1 230 572

		5 686

		6 153



		F18

		48.5

		35.0

		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 Recommendation ITU-R 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 RR No. 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.]

[bookmark: _Toc201221126]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 7 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 Recommendation ITU-R P.525.

Table A2.1 shows the path losses and net power reaching an RAS facility for the case of distances of 7, 10, 15, 20, and 25km. Interference is possible from a single Beam WPT emitter at 7 km. But at a distance of 20 km, over 750 emitters at that distance would be necessary before interference resulted. 

TABLE A2.3

Power budget for Beam WPT impact on radio astronomy

		Distance from RAS Antenna (Km)

		7.00

		10.00

		15.00

		20.00

		25.00



		Atmosphere conditions

		Dry



		Threshold Input Power (dBW)

		‒195



		RAS Antenna Gain at Horizontal (dBi)

		0.00



		Observation Bandwidth (MHz)

		400.0



		Threshold Input Spectral Power (dBW/MHz)

		‒221



		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



		Distance of Field strength limit (m)

		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



		Device EIRP (dB(W/MHz)

		‒57.27



		Losses



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

		-4



		Free Space Loss (dB)

		136.88

		139.98

		143.50

		146.00

		147.94



		Gaseous Loss (dB)

		0.10

		0.14

		0.21

		0.28

		0.35



		Polarization mismatch loss (dB)

		3.0



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

		19.8



		Propagation Loss by Diffraction Over Horizon P.526-15

		0.0

		0.0

		4.6

		19.5

		34.6



		Total Losses (dB)

		163.7

		166.9

		175.1

		192.5

		209.6



		Calculations



		Traditional Buildings



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

		‒221.0

		‒224.1

		‒232.3

		‒249.8

		‒266.9



		Margin for Traditional Bldgs (dB)

		0.0

		3.1

		11.3

		28.8

		45.9



		Distance from RAS Antenna (Km)

		7

		10

		15

		20

		25



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

		1

		2

		14

		755

		38,801







This table shows that at a distance of 20 km from the radio astronomy facility more than seven hundred and fifty indoor WPT Beam devices would have to be in place to result in harmful interference at the facility.

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 RR No. 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





[bookmark: _Toc201221127]A 2.4	Terrestrial Component of IMT (24.25-27.5 GHz)

The frequency band 24.25-27.5 GHz is identified by RR No. 5.532AB for the use of IMT worldwide and allocated to the mobile service on a primary basis. A reply liaison statement from WP 5D to WP 1A stated that there was a need to assess the impact of Beam WPT on IMT stations in this band. A sensitivity level of 97 dBm / 50 MHz[footnoteRef:3] for BS and 88.3 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 situations 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 10 m, 50 m, 100 m and 200 m. The calculations for 10m are based on free space loss/minimum path loss only. The calculations’ distances of 50 m, 100 m, and 200 m use these losses plus Recommendation ITU-R 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 2 WPT beam transmitters would need to be present at that distance before the interference level would be met.

TABLE A2.5

Power budget for 24.25-27.5 IMT UE Impact

		Distance from IMT UE Antenna (m)

		10.00

		50.00

		100.00

		200.00



		Atmosphere conditions

		Dry



		Threshold Input Power (dBm)

		‒88.3



		IMT UE Antenna Gain at Horizontal (dBi)

		0.00









		Observation Bandwidth (MHz)

		50.0



		Threshold Input Spectral Power (dBW/MHz)

		‒135



		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



		Distance of Field strength limit (m)

		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



		Device EIRP (dB(W/MHz)

		‒57.27



		Losses



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

		-4



		Free Space Loss (dB)

		79.98

		93.96

		99.98

		106.00



		Gaseous Loss (dB)

		0.00



		Polarization mismatch loss (dB)

		3.0



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

		0.0

		19.8

		19.8

		16.8



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

		0.00

		6.01

		13.21

		20.40



		Total Losses (dB)

		87.0

		126.7

		139.9

		153.2



		Calculations



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

		‒144.2

		‒184.0

		‒197.2

		‒206.4



		Margin for (dB)

		9.0

		48.7

		61.9

		71.1



		Protection Margin (dB)

		6.0

		6.0

		6.0

		6.0



		Number of Devices for (dB) BEFORE exceeding IMT UE RF Sensitivity

		2

		18,624

		391,018

		3,261,341







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 twenty-five 24 GHz Beam WPT devices within this distance.

TABLE A2.6

Power budget for 24.25-27.5 IMT BS Impact

		Distance from IMT BS Antenna (m)

		10.00

		50.00

		100.00

		200.00



		Atmosphere conditions

		Dry



		Threshold Input Power (dBm)

		‒-97



		IMT BS Antenna Gain at Horizontal (dBi)

		0.00



		Observation Bandwidth (MHz)

		50.0



		Threshold Input Spectral Power (dBW/MHz)

		‒144



		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



		Distance of Field strength limit (m)

		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



		Device EIRP (dB(W/MHz)

		‒57.27



		Losses



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

		-4



		Free Space Loss (dB)

		79.98

		93.96

		99.98

		106.00



		Gaseous Loss (dB)

		0.00



		Polarization mismatch loss (dB)

		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



		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

		‒164.0

		‒184.0

		‒197.2

		‒210.4



		Margin for Traditional Bldgs (dB)

		20.0

		40.0

		53.2

		66.4



		Protection Margin (dB)

		6.0



		Number of Devices for Traditional Bldgs (dB) BEFORE exceeding IMT BS Receiver Sensitivity

		25

		2,512

		52,747

		1,105,086





Tables A2.7 and A2.8 show the result of impact study due to blocking effect of high power WPT output power to the IMT UE and BS, respectively. Due to beamforming and focusing, the WPT transmitter system only sends the high intensity RF energy to the WPT receiver, and the horizontal median EIRP of the ceiling mounted transmitter is used for the impact study at various distances. The results show that an IMT UE device in the same room as the WPT device may be blocked, however, this only occurs if UE device performance does not exceed 3GPP TS 38.101-2 certification requirements and the available signal from the BS is the lowest level defined by the UE device reference sensitivity level.



TABLE A2.7
Blocking impact study of WPT device on IMT UE

		Distance from IMT BS Antenna (m)

		10.00

(same room)

		10.00

		50.00

		100.00

		200.00



		Blocking Interference power allowed(dBm)

		-52.8



		IMT BS Antenna Gain at Horizontal (dBi)

		0.00



		Observation Bandwidth (MHz)

		50.0



		Atmosphere conditions

		Dry



		WPT Device Blocking Power



		Total Radiated Power (dBW)

		17



		Median antenna gain at horizontal (Note that the device is ceiling monted and points downward)

		-10



		Device EIRP at BS direction (dBm)

		37.00



		Losses



		Free Space Loss (dB)

		80.10

		80.10

		94.08

		100.10

		106.12



		Gaseous Loss (dB)

		0.00



		Polarization mismatch loss (dB)

		3.0



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

		0.00

		0.00

		6.01

		13.21

		20.40



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

		0.0

		19.8

		19.8

		19.8

		19.8



		Total Losses (dB)

		83.1

		102.9

		122.8

		136.1

		149.3



		Calculations



		Single Interferer level at IMT BS Antenna dBm for Traditional Buildings

		-46.1

		-65.9

		-85.8

		-99.1

		-112.3



		Margin for Traditional Bldgs (dB)

		-6.7

		13.1

		33.0

		46.3

		59.5



		Number of Devices for Traditional Bldgs (dB) BEFORE exceeding IMT BS Receiver blocking threshold at REFSENSE

		                                0 

		                              20 

		                     2,013 

		                   42,261 

		                 885,397 







TABLE A2.8
Blocking impact study of WPT device on IMT BS

		Distance from IMT BS Antenna (m)

		10.00

		50.00

		100.00

		200.00



		Blocking Interference power allowed(dBm)

		-61



		IMT BS Antenna Gain at Horizontal (dBi)

		0.00



		Observation Bandwidth (MHz)

		50.0



		Atmosphere conditions

		Dry



		WPT Device Blocking Power



		Total Radiated Power (dBW)

		17



		Median antenna gain at horizontal (Note that the device is ceiling monted and points downward)

		-10



		Device EIRP at BS direction (dBm)

		37.00



		Losses



		Free Space Loss (dB)

		80.10

		94.08

		100.10

		106.12



		Gaseous Loss (dB)

		0.00



		Polarization mismatch loss (dB)

		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



		Total Losses (dB)

		102.8

		122.8

		136.1

		149.3



		Calculations



		Single Interferer level at IMT BS Antenna dBm for Traditional Buildings

		-65.8

		-85.8

		-99.1

		-112.3



		Margin for Traditional Bldgs (dB)

		4.8

		24.8

		38.1

		51.3



		Number of Devices for Traditional Bldgs (dB) BEFORE exceeding IMT BS Receiver blocking threshold at REFSENSE

		                                3 

		                         305 

		                     6,396 

		                 134,010 
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Normalized Tx Patter vs Azimuth
(Pattern simplified by max-hold for each 10o of azimuth)
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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 WP1A consider elevation of Recommendation ITU-R SM.2151-0 based on the elevation of SM.2505-0, Impact studies and human hazard issues for wireless power transmission via radio frequency beam.
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Summary of revisions

•	New recognizing k) added

•	New Frequency range 24.1-24.15 GHz added in Table 1

•	New editors note below the scope section was added to highlight a topic that needs to be addressed in the further work on this document




[bookmark: irecnoe][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.]

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.









M:\BRSGD\TEXT2023\SG01\WP1A\100\104e.docx

M:\BRSGD\TEXT2023\SG01\WP1A\100\104e.docx

image1.png








image4.emf
USWP1A-04-FD_UW B-EVOLUTION.docx


USWP1A-04-FD_UWB-EVOLUTION.docx
		
U.S. Radiocommunications Sector

Fact Sheet



		Working Party: ITU-R WP1A

		Document No: USWP1A-04_FD



		Ref: Annex 9 to Working Party 1A Chair’s Report
 

		Date:  10 March 2026



		Document Title: Proposed Revisions to Working Document Towards a Preliminary
Draft New Report ITU-R SM.[UWB.EVOLUTION]





		Author(s)/Contributors(s):

Dan Mansergh

Apple Inc.


		

Email:  dmansergh@apple.com
Phone:  408-974-4419




		Purpose/Objective: This contribution intends to progress the development of the Working Document Towards a Preliminary Draft New Report ITU-R SM.[UWB.EVOLUTION] in Annex 9 of the Chair’s Report from the June 2025 meeting of ITU-R Working Party IA, adding additional content and editorial improvements. Given the current annual cadence of WP1A meetings, it is anticipated that further contributions to the document and a proposal for elevation to PDNR will be submitted in 2027 and elevation to DNR will be proposed in 2028.



		Abstract: During previous meetings of ITU-R Working Party 1A, several contributions from members and discussion amongst meeting participants led to the decision to develop a Report describing the current state of ultra-wideband (UWB) technology. The United States had submitted to the June 2025 meeting of WP1A a contribution containing technical implementation details of UWB for a variety of use cases, which was subsequently incorporated along with contributions from other members into a Working Document and carried forward as Annex 9 of the Chair’s Report from that meeting.

The proposed contribution for the June 2026 meeting of WP1A will build on that foundation, supplying additional information in response to Editor’s Notes in the Working Document and suggesting editorial revisions to improve clarity.








		[bookmark: drec]Radiocommunication Study Groups

		[image: ]



		

		



		

		



		Received:	XX May 2026

Subject: Evolution of UWB Technology

		Document 1A/xx-E



		

		XX May 2026



		

		English only







		United States of America



		proposed revisions to WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW REPORT ITU-R SM.[UWB.EVOLUTION]



		Evolution of devices using ultra-wideband (UWB) technologies







Background

ITU-R Study Group 1 has previously considered the development and introduction of ultra-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 its June 2024 meeting, Working Party 1A decided to begin drafting a new Report SM.[UWB.EVOLUTION] to document the recent changes in UWB technology and usage patterns for the benefit of ITU-R members, rather than attempting to update Report ITU-R SM.2057-0 and Recommendation ITU-R SM.1755-0. This work was continued at the June 2025 meeting, with several contributions being merged into a single Working Document and identification of further content contributions needed to improve the document.



Proposal

The attached contribution intends to progress the development of the Working Document, proposing additional content and editorial improvements.
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[bookmark: _Toc200986746]1	Introduction

[Editor’s Note: Check Terminology to avoid overlap with 5B, use of “Radar”?]	Comment by USA: Propose using “ranging” and “location sensing” as general terms for 2-way and 1-way location measurement applications throughout. Usage of “radar” when referencing  previous documents will be retained, with appropriate explanations inline.

This Report addresses devices using ultra-wideband (UWB) technologies in the frequency range below between 3.1 GHz and 10.6 GHz. It provides information on current and future use of UWB technology, including characteristics and assumed deployment information, including possible national experiences. 

[Editor's Note: Check on the lower limit of frequency ranges used, etc…]	Comment by USA: Propose limiting the range of UWB applications in this document to “between 3.1 and 10.6 GHz” incorporating Channels 1-14. References to other frequency ranges used in prior USB documents will be retained, with context.

This report provides information about the evolution of ultra-wideband (UWB) technology and its usage, particularly since the 2019 introduction of UWB capabilities in smartphones. It only covers only applications using UWB technologies operating as short-range devices (SRDs), i.e. uses not covered by a Radio Servicen allocation in the Radio Regulations (RR).

It also includesprovides  context about the anticipated uses and projected adoption of based how UWB was foreseen to develop at the time of the creation of Recommendation ITU-R SM.1755-0 and , and may provide a basis forserve as common ground on which to base ana substantial overhaul of this Rrecommendation ITU-R SM.1755-0 to update itso it fully aligns with with the current use of UWB.	Comment by USA: Align dates and references to earlier documents to specific years of ITU publication dates rather than relative reference to time periods (global, some references in yellow highlight)

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

[bookmark: _Toc200986695][bookmark: _Toc200986747][bookmark: _Toc200986749]1.1	Structure of this document	Comment by USA: Propose Incorporating this information into section titles (TOC) and introductory text in each section as appropriate.

Section 2 reviews the UWB use cases that were described in ITU documentation 20 years ago. 

Section 3 provides an overview about the actual evolution of UWB use cases below 10.6 GHz. 

Section 4 provides the background high level technical background of UWB technology including IEEE 802.15.4z standard which has created strong interest in UWB applications since 2020. 

Section 5 provides background information on what makes UWB unique compared to technologies offering similar functionality. 

Section 6 provides elaboration of today’s UWB applications as currently being developed and deployedeveloped by industry and industry associations, underlining the strong evolution in UWB applications.

Section 7 provides technical and regulatory considerations regarding applications using UWB technologies.

Section 8 provides a summary of the report.

[Editor’s Note: section 4 and section 6 can be replaced by brief summaries and the content can be moved to annexes.]

[bookmark: _Toc200986750]2	Review of envisioned UWB use in 2005 20 years ago

UWB technology and information related to compatibility studies were made available to ITU-R members in Report ITU-R SM.2057-0 (published in 2005) and Recommendation ITU-R SM.1755-0 (published in 2006).Since the initial development of the recommendations and report on UWB Since that time, theis technology, use cases and range of product in the market haves evolved: certain approaches are no longer in use. . Certain use cases and applications for UWB that were anticipated and were included are covered in Recommendation ITU-R SM.1755-0 did have not materialize dover the years.

[bookmark: _Toc200986751]2.1	Overview 

[bookmark: _Toc200986752]2.1.1	UWB below 10.6 GHz 

[Editor’s Note: This is a conclusion, rephrase and move after explanation. Ranging vs Radar]

UWB usage below 10.6 GHz has proven to be less ubiquitous than Report ITU-R SM.2057-0 assumed. In particular, “dense, high activity factor communication markets” are now served by Wi-Fi and Bluetooth rather than UWB. Only the location measurement and imaging applications remain as UWB-based solutions, these are applications with much lower density and/or activity factors.

In addition, most UWB transmission today are designed to have attenuated emissions beyond the necessary bandwidth rather than the extreme broadband nature assumed when UWB was developed originally. 

While many UWB applications use a 500 MHz bandwidth, there are also UWB applications with wider bandwidths within the 3.1-10.6 GHz range.

[bookmark: _Toc200986753]2.1.2	UWB based vehicular radar

Technology and market demand for vehicular short-range radar (SRR) has evolved. UWB technology based vehicular SRR as described in Recommendation ITU-R SM.1755-0 are no longer in use. In a number of administrations and regions the use of 24 GHz UWB based vehicular SRR is no longer allowed.

Therefore, vehicular radar is not covered by this report which only focuses on the frequency range below 10.6 GHz.

[Editor’s Note: objective is to keep this to 2-3 pages, so the report is focused on forward looking material. Details to be put in an Annex, if needed]

[bookmark: _Toc200986754]2.2	Rationale for the described developments 

Recommendation ITU-R SM.1755-0 attempted to summarize the basic deployment characteristics of UWB at the time of its writingas of 2006. The reality of UWB deployment today since then substantially challenges those assumptions. This Report aims to provide a more up to date overview of current and planned UWB applications including information on operational and technical characteristics.

The more detailed info on the assumed use of UWB at the time were more specifically described and used for impact studies of UWB to radiocommunication services in Report ITU-R SM.2057-0, which was completed in 2005. 

The UWB applications described therein arewithin that Roport were considered in categorized with two categoriesmodi[footnoteRef:1]: [1: 	Report ITU-R SM.2057, section 3.2, p. 12.] 


–	systems offering high (>100 Mbit/s) or very high (>500 Mbit/s) data rates (HDR or VHDR);

–	systems supporting low data rates (e.g. few kbit/s to 100 kbit/s) with localization and tracking (LDR-LT) capabilities (e.g. ranging accuracy below 1 m over a range of tens of metres).

There was a strong focus on HDR and VHDR, which are based on an OFDMA- type architecture. 

Over time HDR and VHDR applications were not successful in the market and faced strong competition by other wideband unlicensed technologies This meant that the HDR and VHDR use cases were never realised. 

Some further information on these high density, high data rate applications was described in section 3.3.4 of Report ITU-R SM.2057. None of these applications make use of UWB as of today.

A much lesser focus of Report ITU-R SM.2057 was on the second set of applications described as LDR-LT are based on impulse radio which has evolved since then.

[bookmark: _Toc200986755]3	Current aState of play for applications using for UWB technologies between 3.1 and elow 10.6 GHz

[bookmark: _Toc200986756]3.1	TrackingRanging

A much lesser focus of Report ITU-R SM.2057 was on the second set of applications described as LDR-LT are based on impulse radio. The A key advantage of the wide bandwidth of UWB LDR-LT characteristic that no other technology may offer is the ranging accuracy which has improved over time to centimetre accuracy, as of 2025. Nevertheless, this use case remained a niche application for localized markets where regulations allowed its use for location tracking in industrial contexts and was highly focused on IEEE UWB Channel 5 (6.2‑6.8 GHz).

In location tracking applications, the channel impulse response is analysed to find the shortest path between transmitter and receiver, as a measure of the distance between both devices. When this analysis is done using pseudo random sequences, it is possible to securely provide an upper bound to the distance between two devices. Localization and tracking is further described in section XX. Nevertheless, national regulations remained fragmented until a more common framework emerged around 2019 focusing on location tracking in the range 6-8.5 GHz. A revamp of IEEE 802.15.4 standards came at the same time and two major channels emerged: Channel 5 (6.2-6.8 GHz) and Channel 9 (7.7-8.3 GHz). Only then did UWB becoame a technology available in for end userconsumer devices such as smartphones. It should be noted that other technologies are also aimed at the localisation market, including other unlicensed solutions based on Bluetooth and Wi-Fi.	Comment by USA: Identify reference

[bookmark: _Toc200986757]3.2	Radar Location Sensing 

For the radar-like reflective location sensing applications, there are two different basic modulations in use. The first one is the pulsed-based modulation and the other one is frequency domain modulation. For UWB sensing applications, the physical effect is more important (electromagnetic behaviour of the materials) than a given frequency range (channel plan), which is necessary for interoperability. Therefore, UWB sensing applications focus on the material characteristics and wanted design performance requirements out of the intended useof the system. and Tthe used bandwidth used is typically larger than 500 MHz anywhere within the range 13.1-10.6 GHz.

For pulse-d based modulation the largeultra-wide bandwidth of the UWB signals enables the transmission of signals with sharp rising and falling edges, often combined in the transmission of very short pulses. These short pulses allow receivers to distinguish individual multipath components. 

When a receiver has knowledge of the signal being transmitted, it can use the short pulses to estimate the channel impulse response estimate with very high resolution. This could be used also for object separation and classification in the channel.

Alternatively, Radar location sensing applications with fast sweep time also fit under the definition of UWB. These are mostly FMCW or variants of it. The large bandwidth allows very high resolution or to assess the spectral response of the object within the channel.

For sensing and determination applications, the transmitter and receiver are usually co-located. Features from the channel impulse responses are extracted to reveal characteristics of the environment in which the device is operating.

[bookmark: _Toc200986758]4	Current UWB technology 	Comment by USA: Move this to an Annex

[bookmark: _Toc200986759]4.1	Background on impulse based UWB

[bookmark: _Toc200986760]4.1.1	Standardisation

In addition to regulatory bodies such as the FCC and CEPT, other standard setting organizations like the Institute of Electrical and Electronics Engineers (IEEE) became involved in UWB systems and applications early on.

Early commercial UWB efforts were focused on high data rate communications. Only later did the focus shift to ranging and geolocation, and in 2004 the IEEE established the 802.15.4a task group to develop a standard for such applications including an associated UWB physical layer (PHY). An updated version of this PHY is included in the IEEE standard.

Building on this standardization activity, other bodies, such as the FiRa Consortium, have taken the IEEE 802.15.4 PHY and MAC specifications as the basis for further extensions. These include the specification of an application layer and service-specific protocols to support a variety of vertical market applications, thus creating standards for end-to-end, interoperable UWB systems.[footnoteRef:2]  [2: 	See Hans-Juergen Pirch, Frank Leong, FiRa Whitepaper on Introduction to Impulse Radio UWB Seamless Access Systems.] 


[bookmark: _Toc200986761]4.1.2	UWB pulse shape

In order to match the UWB signal to the 500 MHz bandwidth, the pulse shape needs to be chosen carefully to ensure compliance with the IEEE standard and avoid distortion of adjacent channels. Additionally, stringent regulatory transmit limits must be respected. Figure 2 shows the IEEE[footnoteRef:3] Root Raised Cosine (RRC) HRP UWB reference pulse with a center frequency that corresponds to UWB channel 9, as well as an upconverted 8th order Butterworth low pass pulse with a −3 dB bandwidth of 500 MHz and a center frequency that corresponds to UWB channel 5. Both of these pulses would meet the requirements specified in IEEE to be used for UWB radios4. [3: 	IEEE 802.15.4-2015: “IEEE Standard for Low-Rate Wireless Networks”, IEEE, 2015.] 


Figure 1

IEEE reference pulse for channel 9 and example pulse for channel 5

[image: A graph of a pulse

Description automatically generated with medium confidence]

[bookmark: _Toc200986762]4.1.3	UWB channel characteristics

The ultimate performance limit of a communication system is determined by the channel it operates in. In order to effectively predict performance, a realistic channel model is essential.[footnoteRef:4] Channel models are typically developed by combining practical measurements in relevant environments and simulation.[footnoteRef:5] [footnoteRef:6] [4: 	See A.F. Molisch: “Wireless Communications”, New York, IEEE Press/Wiley, 2005.]  [5: 	See Andreas F. Molisch, Dajana Cassioli, Chia-Chin Chong, Shahriar Emami, Andrew Fort, Balakrishnan Kannan, Johan Karedal, Juergen Kunisch, Hans Gregory Schantz, Kazimierz Siwiak, and Moe Z. Win: “A Comprehensive Standardized Model for Ultrawideband Propagation Channels”, IEEE Transactions on Antennas and Propagation, 2006.]  [6: 	See Johan Karedal, Shurjeel Wyne, Peter Almers, Fredrik Tufvesson, Andreas F. Molisch: “A Measurement-Based Statistical Model for Industrial Ultra-Wideband Channels”, IEEE Transactions on Wireless Communications, 2007.] 


Commercial UWB systems are intended to be used in complex environments such as residential, office or industrial indoor areas. In these environments, signal reflection and diffraction play a significant role. The signal received by an antenna is the sum of the attenuated, delayed and possibly overlapping versions of the transmitted signal and may vary over time (due to movement of receiver/transmitter or change in environment). These different versions of the transmitted signal are typically referred to as multipath components (MPCs).

The large bandwidth of UWB systems ensures a high level of resilience to frequency-selective fading, which is an effect that limits performance in narrow-band technologies.[footnoteRef:7] Furthermore, many of the multipath components are resolvable due to the short pulse durations/high bandwidth involved.[footnoteRef:8] [7: 	See M. Z. Win and R.A. Scholtz: “Impulse Radio: How it works”, IEEE Commun. Lett. Vol.2, 1993.]  [8: 	See A.F. Molisch: “Ultra-Wide-Band Propagation Channels”, Proceedings of the IEEE Vol.97 No.2, 2009.] 


For the design of a receiver, it is important to understand the number of MPCs that are necessary to capture a certain amount of energy. In previously mentioned environments this can be a challenge, especially in Non-Line-of-Sight (NLOS) scenarios where the 100 strongest MPCs may carry as little as 30% of the total energy.[footnoteRef:9] [9: 	Johan Karedal, Shurjeel Wyne, Peter Almers, Fredrik Tufvesson, Andreas F. Molisch: “A Measurement-Based Statistical Model for Industrial Ultra-Wideband Channels”, IEEE Transactions on Wireless Communications, 2007.] 


Furthermore, for ranging applications it is essential to identify the first path, as it is most representative of the distance between transmitter and receiver. In NLOS scenarios especially, this may not be the strongest of the MPCs [Moli09] as illustrated in Figure 3, which represents an additional challenge for the receiver (first path detection).[footnoteRef:10] [10: 	See Hans-Juergen Pirch, Frank Leong, FiRa Whitepaper on Introduction to Impulse Radio UWB Seamless Access Systems.] 


Figure 3

Simplified example of multipath components in LOS and NLOS scenario
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[bookmark: _Toc200986763]4.2	Impulse radio UWB ranging

[bookmark: _Toc200986764]4.2.1	UWB ranging basics

[bookmark: _Ref199259064]Based on the information in the section above, a standardised ranging protocol based on IEEE 802.15.4 was developed in the FiRa Consortium[footnoteRef:11] with the overall objective to ensure interoperability. The FiRa protocol includes a detection mechanism for UWB devices to detect each other’s presence. The ranging is done by performing Time-of-Flight (ToF) measurements (see Figure 4 between the devices. The ToF is calculated by measuring the roundtrip time of challenge/response packets. Depending on the type of application (e.g. in case of asset tracking, device localization), either the mobile or the fixed UWB device calculates the precise location of the device. In the case where the device is running an indoor navigation service, it is required to know its relative location to the fixed UWB anchors and calculate its position on the area map.[footnoteRef:12] [11: 	https://www.firaconsortium.org/about.]  [12: 	See FiRa Whitepaper on Unleashing the Potential of UWB: Regulatory Considerations.] 


Figure 4
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[bookmark: _Toc200986765]4.2.2	UWB-enabled devices determining motion and relative position

The real-time accuracy of UWB measurements means a UWB-enabled system can know, with a very high degree of certainty, the precise location of a device and whether it is stationary or moving toward or away from a given object. For example, a UWB enabled system can sense if a person is moving toward a locked door and it can know if the person is on the inside or outside of the doorway. This allows it to determine if the lock should remain closed or open when the person reaches a certain point.

The precise accuracy of UWB ranging allows the use case to define the exact intended range to avoid false triggering. For example, if a person lives in a house with an attached garage, the UWB-enabled system can be configured to detect when a car approaches and open the garage door. Or that it is time to unlock the entryway from the garage to the kitchen so the person can bring in their groceries.14

[bookmark: _Toc200986766]4.2.3	Improved security through UWB usage

Today’s technologies for ranging primarily rely on signal strength to determine distance and location. They measure the device’s signal strength and assume a strong signal means the device is close by. Using what is called a relay station attack, attackers have found a way to trick these systems. In this type of attack, the legitimate wireless signals used to unlock a door are intercepted and amplified, causing the door to open even though the key is not close by.

What’s missing in these other technologies is the precise calculation of actual physical distance; this is exactly what UWB brings to the application. With UWB, any attempt to intercept and amplify the signal during a relay attack will only delay the arrival of the responding device’s acknowledgement signal, making it clear to the UWB-based lock that the responding device is actually further away, not closer. Any UWB signal which attackers succeed in intercepting and boosting will not trick a UWB-equipped lock into opening. Moreover, the extension of IEEE 802.15.4z adds physical layer (PHY) level protection to all known attacks on legacy UWB radios.14

[bookmark: _Toc200986767]4.3	Frequency modulated UWB 

[Editor’s Note: To be further developed: applications for sensing]

[bookmark: _Toc200986768]5	Comparison of UWB with other technologies

[bookmark: _Toc200986769]5.1	Ranging

While Wi-Fi and Bluetooth already have a large market adoption, they lack in accuracyare less accurate  when it comes to their positioning capabilities. When compared to UWB, these technologies provide relatively little to no RF- level security to protect ranging. 

While it is possible to achieve ranging with other wireless connectivity technologies, a person will need to evaluate theirthe environment and determine whatrequirements for accuracy and response time is requiredshould be considered for the intended use case. This will determine the choice of technology. 

In differing use cases, each technology has its own strengths. These are the key advantages UWB has over other positioning technologies:

–	When it comes to accurate positioning, UWB allows systems to precisely localize devices and objects down to less than 10 cm in line-of-sight or non-line-of-sight environments. 

–	The refresh rate is ~200-1 000 times per second, so pinpointing a location can be achievedis done in real time.

–	UWB pulses resist a common difficulty known as the multipath effect. This is what happens when radio signals reach the receiver by more than one path, due to reflection or refraction caused by natural or manmade objects close to the main signal path. The multipath channels cause inter-symbol-interference (ISI) in narrowband signal transmissions, since signals arriving at the receiver from different paths are destructively combined. As a result, signals are distorted when arriving at a receiver. 

However, in the case of UWB, the pulses are very short in time, which significantly minimizes ISI when arriving at a receiver. This is because UWB pulses arriving at different times through multiple paths, are so short in time that they do not interfere with each other. Therefore, theThe received UWB pulses are still individually distinguishable at the receiver, giving them resistance to the multipath effect.[footnoteRef:13] [13: 	See FiRa Whitepaper on Unleashing the Potential of UWB: Regulatory Considerations.] 


[bookmark: _Toc200986770]5.2	Location Sensing (/ Radar)

UWB is one of the options for radar location sensing applications competing with other solutions such as 60 GHz based radar, LiDar or image processing. Its main benefit and drawback are that it still permeates into materials while shorter wavelength and light-based technologies do not penetrate into objects. As of today the two major applications exist using UWB to its advantage in this regard are related tosensing systems for in-ground/in-building material analysis and security scanners.

[bookmark: _Toc200986771]6	Current examples of UWB applications

[bookmark: _Toc200986772]6.1	Introduction

This section describes examples of new generation UWB applications. With broad availability of UWB capabilities in smartphones from multiple manufacturers and ecosystems of compatible products on the market, consumer-facing implementations of UWB technologies are commonplace.

[Editor’s Note: Additional text needed]

[bookmark: _Toc200986773]6.2	Industrial and commercial real time location services (RTLS) applications

[bookmark: _Toc200986774]6.2.1	Description

Until recently, UWB was perhaps best known for its deployment within a number of Real Time Location Services (RTLS) applications. RTLS deployments can precisely track assets and personnel, enabling enterprises to save billions of dollars in terms of enhanced operational efficiencies, increased worker safety and compliance, and loss prevention. In most deployments, enterprises can take advantage of multiple use cases to compound ROI and other benefits. 

For example, within healthcare environments, RTLS solutions can track available beds to understand and maximize utilization, trace valuable equipment to prevent theft or losses, monitor staff for hygiene compliance purposes, track patients and staff location for safety purposes, and ensure that personnel are able to access necessary areas and equipment at all times.

[bookmark: _Ref199259179]UWB technology has witnessed considerable RTLS deployment growth in recent years. Various assets have UWB tags attached to them. These tags communicate with anchors deployed around the factory, warehouse, or healthcare environment, allowing items to be precisely located in real-time. UWB’s ability to deliver centimeter level location accuracy, ultra-low latency, and robustness in harsh environments gives it significant advantage over alternative technologies. This has enabled it to build success in many commercial environments for some of the more stringent asset and vehicle tracking applications. These applications include vehicle navigation and collision detection, high-value tool and equipment tracking, and worker safety applications.[footnoteRef:14] [14: 	See FiRa Whitepaper on Unleashing the Potential of UWB: Regulatory Considerations.] 


[Editor’s Note: consider additional text about standardised omlox use]	Comment by USA: Consider including Aliro standard discussion in 6.3.3

Figure: …
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Description automatically generated with medium confidence]

[bookmark: _Toc200986775]6.2.2	Operational and technical characteristics

[Editor’s Note: More discussion needed on the table. Check, that there are no new elements here/consistency with above text UWB has varying PSD levels, needs to be clearer. Is this report requesting changes?]	Comment by USA: Table amended to clarify PSD. Report is not proposing changes — what more is needed to resolve?

[

TABLE XX

Operational and technical characteristics of Location Tracking: Industrial and commercial applications 

		Operational characteristics

		Technical characteristics/Density and activity factor



		–	Deployed in specific locations, mostly in industrial and commercial installations. Use could be either indoors or outdoors.

–	Mostly professional users. 

–	Typically consists of fixed infrastructure “anchor” sending periodic signals to mobile tags like downlink TDOA (Time Difference Of Arrival) or conversely, fixed infrastructure “anchor” receiving periodic signals from mobile tags. 

–	Communication with a limited amount of data is performed to extract the time-of-flight or time-of-arrival information. Further communication may be included to control the ranging exchanges and share timestamp information.

–	Legacy proprietary systems are increasingly being replaced by IEEE 802.15.4 compliant systems.

		–	Typical power spectral density up to −41.3 dBm/MHz (-31.3 dBm/MHz in some cases)

–	Typical 3-dB bandwidth of 500 MHz, 10-dB bandwidth below 650 MHz

–	Usually operating between 3,1 GHz to 4,8 GHz or 6 GHz to 9 GHz

–	Low duty cycle transmissions. Typical packet durations in the order of 150-300 microseconds transmitted at 0.1-10 Hz

–	Depending on the environment often active 24 hours/day or at least during working hours.

–	Taking into account the overhead, the resulting device time factor is typically well below 1%.

–	Density in specific locations (indoor or outdoor), density of transmitting nodes in a location limited by airtime availability and propagation loss. Higher density mobile tag deployments are envisaged for downlink TDOA so as not to saturate the UWB channel.





]

[bookmark: _Toc200986776]6.3	Access control applications

[bookmark: _Toc200986777]6.3.1	Description

Access control applications are applications to ensure that an authorized key device is securely detected to be present very close to a gate so that access to critical facilities can be provided only to persons carrying such authorized devices when they are close to the gate.

Two types of access control applications are described below: Vehicular access control and general purpose access control.

[bookmark: _Toc200986778]6.3.2	Vehicular access control applications

In the automotive industry, adoption of UWB for key fobs surpassed 20% of new vehicles in 2024[footnoteRef:15]. To support smartphone integration, the Connected Car Consortium (CCC) Digital Key[footnoteRef:16] standard includes UWB with a combination of radio technologies to support remote locking and unlocking, as well as remote start.  [15: 	https://www.autosinnovate.org/resources/papers-reports/Ultra-Wideband%20%28UWB%29%20Technology.pdf.]  [16: 	https://carconnectivity.org/wp-content/uploads/2022/11/CCC_Digital_Key_Whitepaper_Approved.pdf.] 


Digital Key® is the most widely used vehicular access system which is specified by the CCC. It standardizes how a vehicle can be automatically unlocked as the driver approaches. To prevent illegal access to the vehicle the identity and proximity of the user must be verified. The Digital Key standard calculates the distance to the driver using UWB to ensure that the user is within a few meters of the car. By including a secure distance measurement, the unlock procedure is much more secure and can occur without the user removing their smartphone from their pocket. The reverse would also be true as the person exits the vehicle; the vehicle would automatically lock. The same procedure is also used to secure engine start. Secure distance measurement eliminates the so-called relay attack on passive entry cars. 

The distance measurement is carried out as described in section 4.2 using Time of Flight (ToF). In Digital Key, two-way ranging is a one-to-many protocol, meaning the transceiver in the UWB enabled smartphone or keyfob transmits a signal which is received by many receivers referred to as UWB anchors. During the reply portion of the protocol, each of the UWB anchors on the vehicle will take turns in replying. As a final step, the smartphone transmits back the time the secure timestamp sequence (STS) arrived from each sensor on the vehicle. The UWB sensor in the vehicle can then calculate that exact distance to the smartphone. Ultimately the more sensors in and around the vehicle, the more accurate the location measurement.

In addition, signals consisting of many short pulses are used and the sequence of the pulses are chosen to maximize the ability to discern reflections. For added security AES generated sequences are also used – allowing only those with the shared key material to even detect the modulated pulses themselves. These Scrambled Time Stamps (STS) are a unique cornerstone of the PHY level security offered by the UWB technology.

It is possible to determine the arrival time of signals in a UWB receiver using the standard method AND/OR a stealth method whereby the security of the system is extremely high. There is no other widely available technology which provides this level of security for a radio interface.

With secure signal transmission and high accuracy clocks the system can measure the distance between the mobile device hosting the Digital Key and the car to within 5 cm.

[Editor’s Note: add Picture Vehicle Access]

This has other benefits as well. As the user approaches the vehicle, the distance to the user could be divided into zones. When the user is beyond the zones, nothing will happen. As they approach zone 3 (see figure below), the vehicle flashers could blink. As they approach zone 2, the welcome lights could turn on. Finally, as they approach zone 1, the vehicle would unlock and could configure advanced features such as start the vehicle, set climate controls to the driver’s desired settings, set infotainment preferences such as music/podcasts and other type of comfort control features.

[image: A diagram of a car

AI-generated content may be incorrect.]

The distance bounding of mobile devices to cars is a very important part of the complete eco-system but there are many more capabilities which make up the Digital Key. Leveraging the authentication of the user and the connectivity of the mobile phone, the security of Secure Elements (SE) facilitates the complete user experience of the DIGITAL Key allowing e.g. easy sharing of Digital Keys with family and friends, for fleet applications, for valet parking and for E-charging. 

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. (See section XX)

[bookmark: _Toc200986779]6.3.3	General purpose access control

The use of UWB for digital car keys in the automotive space (as specified by the CCC) can also be extended to the use of UWB for residential and/or commercial access control. 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. While several manufacturers have released proprietary implementations of UWB, the Connectivity Standards Alliance is including a standardized implementation in the Aliro[footnoteRef:17] specification. [17: 	https://csa-iot.org/all-solutions/aliro/.] 


Embedding UWB within door locks and access control readers has the potential to improve security, enable better user experiences, and provide innovative advanced provisioning capabilities. Much like in the automotive realm, end-user devices such as smartphones, wearables, key fobs, or badges can be UWB-enabled to act as digital keys.

A typical deployment scenario will involve a Bluetooth Low Energy and UWB enabled reader and smartphone. Initially the devices communicate via Bluetooth Low Energy for wake up, initialization and authentication, then hand over to UWB for secure ranging to measure distance and Angle-of Arrival (AoA), and then trigger the unlock sequence as defined by a predetermined distance. 

There are several advantages of leveraging UWB for access control:

–	UWB offers protection from relay station attacks which makes it well suited to secure access applications versus alternative wireless technologies. 

–	UWB can also detect if the user is inside or outside the building, as well as if they are walking to or from an entrance or exit.

–	This ensures that the door is only opened when needed and prevents unauthorized access.

[image: A black and white image of a car and a door

AI-generated content may be incorrect.] [image: A black and white illustration of a cell phone and a door

AI-generated content may be incorrect.]

[bookmark: _Ref199259198]As UWB can track the user’s exact location in relation to the entrance or exit, this removes the need to perform an action such as entering a code, using a fingerprint or facial recognition system, tapping a key fob on a reader, or using a key. It also alleviates potential privacy concerns with alternative methods of authentication, reduces the time it takes to perform the task, and improves the user experience.[footnoteRef:18] [18: 	See FiRa Whitepaper on Unleashing the Potential of UWB: Regulatory Considerations.] 


[bookmark: _Toc200986780]6.3.4	Operational and technical characteristics

[Editor’s Note: More discussion needed on the table. Check, that there are no new elements here/consistency with above text]

[



TABLE XX

Operational and technical characteristics of access control

		Operational characteristics

		Technical characteristics/Density and activity factor



		–	UWB is used to verify physical presence or proximity, e.g. to prevent relay attacks.

–	Mass market use. Initial deployments in vehicular access control, mobile phones and residential access. 

–	Mix of mobile use cases (vehicular, mobile phones) and fixed installations (residential access control). Majority outdoor use.

–	Communication with a limited amount of data is performed to extract the time-of-flight information. Further communication may be included to control the ranging exchanges and share timestamp information.

–	Occasional use at infrequent intervals. UWB communication often triggered by other (wireless) technologies.

–	IEEE 802.15.4 compliant systems ensure interoperability

		–	Power spectral density up to −41.3 dBm/MHz

–	Typical 3-dB bandwidth of 500 MHz, 10-dB bandwidth below 650 MHz

–	Operating between 6 GHz to 9 GHz

–	Low duty cycle transmissions. Typical packet durations in the order of 150-300 microseconds.

–	Extremely low activity factors, also due to reliance on external trigger mechanisms. Active a few seconds at most, usually only a few times a day

–	The resulting device time factor is therefore well below 0.005%

–	Density: currently limited to approximately 0.2 device per person. Future density may grow up to 2 devices per person. 





]

[bookmark: _Toc200986781]6.4	Consumer device tracking / High precision asset tracking

[bookmark: _Toc200986782]6.4.1	Description

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.

solutions are available which contains UWB, Bluetooth Low Energy and NFC technology. 

However, for those devices equipped with UWB, users can more accurately locate their lost items through “Precision Finding”, which will guide them to their tag using sound, haptics, and visual feedback. Lost tags can be tapped by an NFC-enabled device to bring up contact details of the tag owner. 

[image: A black and white logo

Description automatically generated]

Also, Augmented Reality (AR) Finding has also been introduced by some smartphone makers. Users are visually guided to their lost device using their smartphone’s camera, making it much easier to precisely locate their items, improving the finding experience for end users. Users can tag items as missing and other smartphone owners can help to locate lost items as part of a crowdsourced network. This could also help to create new services for mobile operators and insurance companies, leading to new business models and additional value for end users.[footnoteRef:19] [19: 	See FiRa Whitepaper on Unleashing the Potential of UWB: Regulatory Considerations.] 


[bookmark: _Toc200986783]6.5	Personal tracking: UWB in The Smart Home

[bookmark: _Toc200986784]6.5.1	Description

The vision of a fully automated, truly intelligent, highly personalized, and interconnected smart home has not yet been fully realized. A large part of this has been due to the absence of highly accurate indoor location technologies that are capable of enabling the smart home platform to determine precisely who and where someone is, as well as their intention. The next wave of the smart home’s evolution will come from the combination of seamless connectivity and interoperability between devices, alongside the precise localization of people and objects within the home. Thanks to its ability to precisely pinpoint the distance and direction between different UWB enabled products within the home environment, UWB has the potential to enable this seamless, automated, and personalized experience within the home. This will allow for better end-user interaction experiences as well as more intelligent automated homes that rely less on manual interaction and can adapt in real time to the specific needs for end-users. There are two major ways in which UWB can help to achieve this: (1) point-and-trigger control; and (2) presence detection and follow-me.19

[bookmark: _Toc200986785]`6.5.2	Point-and-trigger control 

As the name suggests, point-and-trigger applications involve pointing a UWB-enabled smartphone towards other UWB-enabled connected home devices such as speakers, televisions, light bulbs, thermostats, or other appliances. Based on UWB’s high accuracy and directional capabilities, the smartphone can detect exactly what device it is being pointed at, and automatically open a relevant control panel on the smartphone display. This can then be utilized to turn a television on or off, select the color and brightness of a smart light bulb, change the radio station or song, adjust the volume on a speaker, turn up the thermostat, or seamlessly cast video and audio to a television or speaker. In addition to control panels, smartphones could also pull up additional contextual information, such as song lyrics, further recommendations, and other new ways of engagement. 

[image: A group of icons with symbols

Description automatically generated]

While voice control is optimal for more simple tasks that are easy to describe (e.g. playing a specific song on a speaker), for certain home automation and control tasks, describing what is required can be a lot more cumbersome. For example, selecting a specific light bulb in a room and changing it to the correct color and brightness is much easier to control via a dedicated app and touchscreen control than voice.

However, the process for this control today is not seamless. Users have to unlock their smartphone, open up the correct app, select the correct device and manually adjust the settings. With UWB, this problem can be alleviated, providing a much more desirable one-tap user experience. 

Xiaomi recently demonstrated UWB being leveraged within a variety of smart home devices such as fans, lamps, and smart speakers. This demonstration highlights the growing potential of the UWB-enabled smart home ecosystem. Similarly, UWB has already be incorporated in smart speakers. It now allows streamlined handoff of content such as music, calls, and podcasts with smartphones. By leveraging UWB, the device is able to add visual and haptic feedback and provide listening suggestions when the smartphone is in close proximity to the speaker. It can also display controls on the device without needing to unlock it.[footnoteRef:20] [20: 	See FiRa Whitepaper on Unleashing the Potential of UWB: Regulatory Considerations.] 


[bookmark: _Toc200986786]6.5.3	Presence detection and follow-me

By embedding UWB within smart home devices, they can respond to specific user movements automatically. Examples of this include turning on a light, playing a preferred playlist, or adjusting to the preferred temperature when a user enters or leaves a room, and can follow them from room to room. Personal profiles could be set up for homes with multiple occupants, enabling certain smart home devices to adjust to their own unique preferences.

UWB can determine that the end user is within a specific room, or even in a more specific location, enabling more contextual interaction. For example, when a user is sitting on the sofa, the television could automatically switch on and return to what the user was previously watching or dim the lights to the preferred settings. UWB embedded within a notebook PC could detect when the user is sitting at the desk and securely lock or unlock the device as required, preventing any intrusion. 

As highlighted earlier, many smart home and building security vendors are members of the FiRa Consortium and have promoted the potential of UWB for secure hands-free access control within both residential and commercial environments. The low latency of UWB ensures a seamless and immediate experience. Users will not be frustrated while waiting for the lights to turn on or pointing to a device that takes a long time to open the correct control panel.20
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[Editor’s Note: Operational and technical characteristics ?]

[bookmark: _Toc200986787]6.6	UWB Radar Sensing and material investigation

[bookmark: _Toc200986788]6.6.1	General

[Editor’s Note: Reminder Radar/Sensing Terminology]

These devices a focused to detect the behaviour of a target within a focus area. These applications are comparable to Radar applications (see clause 6.5.3). With the possible huge bandwidth such devices are able to separate between target, have a good range resolution and in addition, based on the spectral reflection an object classification (kind, speed,..) is possible.

The keyword for such applications are presence detection, gesture detection and movement control.

Radar like UWB is also used on combination with tracking applications. This allows more flexibility for the use, e.g. hands-free door opening, monitoring of fallen elderly people or implant communication / body area networks… The benefit for UWB is that communication/tracking and sensing could be realized under the same regulation and within the same frequency range and also the same hardware could be used.

In addition is the huge bandwidth and the adjustment possibility for the best frequency range (physical) allow UWB material investigation applications to separate objects within another one or allow to determine the material behaviour. 

The keywords and the use of such applications are widespread. We can find UWB sensing applications in the medical domain e.g. for hearth/breath monitoring/measurement or tumor detection (see 6.5.2). In the building sector we can find it for ground and wall scanning (object detection) or humidity measurement (see clause 6.5.5). In the Industrial sector we can find UWB for material mix determination (% of one material within another one) or material behaviour (humidity, speed, …)(see clause 6.5.5).

But not only in these sectors the possibility of material investigation is used in farming (humidity, material classification...) within vehicles (driver monitoring) (see clause 6.5.4) and many more.

[bookmark: _Toc200986789]6.6.2	Medical imaging

[Editor’s Note: More description needed]

[Editor’s Note: More discussion needed on the table. Check, that there are no new elements here/consistency with above text]

[

TABLE XX

Operational and technical characteristics of medical imaging

		Operational characteristics

		Technical characteristics/Density and activity factor



		–	Mostly occasional use by professionals in limited numbers

–	Use is limited to specific locations

–	May be used for a variety of health applications for imaging inside the body of a person or an animal

–	Indoor stationary occasional use by trained personnel

–	Transmission is directed towards a body

		–	Power spectral density up to −41.3 dBm/MHz

–	Typical bandwidth between 1 and 5 GHz

–	Usually operating between 2 GHz to 7 GHz 

–	Varying duty cycles, typically 10% up to a maximum of 40%

–	Depending on the application, varying from sporadic use to up to 8 hours/day.

–	Taking into account the overhead, the resulting device time factor is typically well below 1% but could increase up to 3%.

–	Density: Concentrated in medical facilities.







]

[bookmark: _Toc200986790]6.6.3	Surveillance and presence detection

[Editor’s Note: More description needed]

[Editor’s Note: More discussion needed on the table. Check, that there are no new elements here/consistency with above text]

[

TABLE XX

Operational and technical characteristics of surveillance and presence detection

		Operational characteristics

		Technical characteristics/Density and activity factor



		–	Operate as “security fences” by establishing a stationary RF perimeter field and detecting the intrusion of persons or objects in that field

–	Outdoor and indoor use in a stationary manner

		–	Power spectral density up to −41.3 dBm/MHz

–	Bandwidth between 1 and 2.5 GHz 

–	Usually operating between 6 and 9 GHz

–	Duty cycle up to 2% on average and 10% in maximum (during detection event)

–	Usually active typically 12 hours per day and up to 24 hours per day

–	Resulting device time factor of 2% 

–	Density: maximum 1 out of 10 buildings have 2 devices



		–	Indoor use

		–	Typical BW > 500 MHz necessary

–	Power spectral density up to −41.3 dBm/MHz

–	Bandwidth between 0.5 and 3 GHz 

–	Usually operating between 6 and 9 GHz

–	Duty cycle up to typically 1%

–	Density: maximum 1 out of 10 buildings have 5 devices 





]

[bookmark: _Toc200986791]6.6.4	In vehicular radar/sensing

[Editor’s Note: More description needed]

[Editor’s Note: More discussion needed on the table. Check, that there are no new elements here/consistency with above text]

[

TABLE XX

Operational and technical characteristics of in vehicular radar

		Operational characteristics

		Technical characteristics/Density and activity factor



		–	Mobile usage

–	In-cabin use for child presence, seat occupancy, driver status

		–	Typical BW > 500 MHz necessary

–	Power spectral density up to −41.3 dBm/MHz

–	Bandwidth between 0.5 and 3 GHz 

–	Usually operating between 6 and 9 GHz

–	Duty cycle up to typically 1%

–	Average usage of a personal car: 2 hour per day

–	Resulting device time factor of 8% 

–	Density: 2 devices per personal car. With a maximum of 100 cars/km2 (urban) and peak average 300 cars/km2





]

[bookmark: _Toc200986792]6.6.5	Material Investigation

[Editor’s Note: More description needed]

[Editor’s Note: More discussion needed on the table. Check, that there are no new elements here/consistency with above text]

[

TABLE XX

Operational and technical characteristics of material investigation

		Operational characteristics

		Technical characteristics/Density and activity factor



		–	Stationary indoor/outdoor use

–	Object determination and classification

		–	Bandwidth: up to 5 GHz bandwidth

–	Location precision/accuracy: ≤ 10 mm

–	Spectrum band: 2 GHz to 10.6 GHz, for some application lower frequency components might be required

–	Maximum Duty Cycle: ≤ 20% per minute in operational bandwidth

–	Typical duty cycle: ≤ 2% in operational bandwidth

–	Maximum mean e.i.r.p. spectral density: −41,3 dBm/MHz

–	Activity factor AF: between 1 and 8 h per day, 2%

–	Resulting device maximum time factor of 0,666% 

–	Densities: 5/50/500 devices per km2 (rural/suburban/urban)





]

[bookmark: _Toc200986793]6.7	Low latency communication / 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.

[Editor’s Note: More description needed]

[Editor’s Note: More discussion needed on the table. Check, that there are no new elements here/consistency with above text]

[

TABLE XX

Operational and technical characteristics of low latency communication

		Operational characteristics

		Technical characteristics/Density and activity factor



		–	UWB is used for communications in highly reflective environments and applications where low latency is critical. It offers moderate data rates at low power

–	High multipath resistance matters in certain industrial and professional environments

–	Indoor use only

–	Low latency is valued in professional audio applications. It is also being considered for certain consumer applications like gaming, AR/VR and home theatre. Majority of the use is indoors and restricted to specific locations

–	Mixture of proprietary and IEEE 802.15.4 systems 

		–	Power spectral density up to −41.3 dBm/MHz

–	Typical bandwidth of 500 MHz or more

–	Usually operating between 3,1 GHz to 4,8 GHz or 6 GHz to 9 GHz

–	Latency typically 2 ms or better

–	Typical duty cycle 15%, maximum duty cycle of 30%, indoor only.

–	Typically used for 2 hours per day or less, resulting in an overall device time factor of 0,0833%

–	Density: for gaming: 1 hours per day. One per 4 personal residence. For home theater: 1 hours per day: 1 per 6 personal residence





]

[bookmark: _Toc200986794]7	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) 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 within a particular administration’s national context and revise their local rules to reflect experience and current applications of the technology.

[bookmark: _Toc200986795]7.1	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 6 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.

[bookmark: _Toc200986796]7.2	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
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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 include fixed service, PMSE, satellite and radar systems that are 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.

[bookmark: _Toc200986797]8	Summary

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’s. 
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Introduction/Background

Recommendation ITU-R SM.2129-1 provides guidance on frequency ranges for non-beam wireless power transmission (WPT) for mobile and portable devices. Table 1 currently lists several ISM bands designated under RR No. 5.150 for such applications.



Discussion

The band 26.957–27.283 MHz (center frequency 27.120 MHz) is already explicitly designated in RR Article 5.150 as an ISM band with the same characteristics and status as the existing 13.553–13.567 MHz entry in Table 1 (center frequency 13.560 MHz).



Consistent with the treatment of other ISM bands in Recommendation ITU-R SM.2129 (which carry no formal protection from interference and therefore did not require detailed coexistence studies), this contribution proposes to add a new row to Table 1 for the 26.957–27.283 MHz band, using identical format, technology description, and note as the existing entry for 13.553–13.567 MHz.



As an example, the recently introduced LEGO® SMART Play™ system uses non-beam wireless power transfer (WPT) at the ISM frequency of 27.12 MHz to charge the 4.2V battery of the LEGO SMART Brick [footnoteRef:1],[footnoteRef:2] at a nominal rate of 50mW.  [1:  https://www.lego.com/en-us/smart-play/article/innovation	]  [2:  https://www.wired.com/story/exclusive-inside-look-at-new-lego-smart-brick/	] 














Proposal

The US proposes the following addition to Table 1: Frequency range: 26 957–27 283 kHz Non-beam WPT technologies: Inductive or magnetic resonance technology Note: See RR No. 5.150



The US also proposes the following additional recognizing: g) that the band 26 957–27 283 kHz, which is designated for ISM use under RR No. 5.150 has also been found to have advantages for WPT using magnetic resonance technologies in applications of charging of mobile/portable devices;



Lastly, the US proposes the re-lettering of all recognizing items following the previous addition. 
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Guidance on frequency ranges for the operation of non-beam wireless power transmission for mobile and portable devices

(2019-2024)

Scope

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

Keywords

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

Abbreviations/Glossary

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

ICNIRP	International Commission on Non‑ionizing Radiation Protection

IEC	International Electrotechnical Commission

ISO	International Organization for Standardization

ISM	Industrial, scientific, medical 

RR	Radio Regulations

SFTS	Standard frequency and time signal

WHO	World Health Organization

WPT	Wireless power transmission

Related ITU-R Recommendations and Reports

Recommendation ITU-R SM.1056 – Limitation of radiation from industrial, scientific and medical (ISM) equipment

Recommendation ITU-R SM.1896 – Frequency ranges for global or regional harmonization of short-range devices

Report ITU-R SM.2153 – Technical and operating parameters and spectrum use for short-range radiocommunication devices

Report ITU-R SM.2303 – Wireless power transmission using technologies other than radio frequency beam

Report ITU-R SM.2449 – Impact analyses of non-beam magnetic inductive and magnetic resonant wireless power transmission for mobile and portable devices on radiocommunication services

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 (beam WPT) and near-field inductive, resonant and capacitive coupling (non-beam WPT);

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

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

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

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

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

h)	that the Standard Frequency and Time Signal (SFTS) service is intended for general reception and could be susceptible to interference from WPT devices;

i)	that studies have been conducted on the impact of non‑beam WPT for mobile and portable devices to radiocommunication services in the frequency ranges 100-148.5 kHz, 315-405 kHz, 1 700‑1 800 kHz, and 2 005-2 150 kHz and can be found in Report ITU-R SM.2449;

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

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

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

m)	that Report ITU-R SM.2449 contains impact analyses of non-beam inductive WPT for mobile and portable devices on radiocommunication services,

recognizing

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

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

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

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

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

f)	that the band 13 553-13 567 kHz, which is designated for ISM use under RR No. 5.150 has also been found to have advantages for WPT using magnetic resonance technologies in applications of charging of mobile/portable devices;

g)	that the band 26 957–27 283 kHz, which is designated for ISM use under RR No. 5.150 has also been found to have advantages for WPT using magnetic resonance technologies in applications of charging of mobile/portable devices;

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

hi)	that some administrations classify non-beam WPT for mobile and portable devices as radio applications such as Short-Range Devices;

ij)	that some non-ISM bands are taken into consideration for the global or regional harmonized use of specific non-beam WPT for mobile and portable devices;

jk)	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; 

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

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

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

noting

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

recommends

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

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

TABLE 1

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

		Frequency range

		Non-beam WPT technologies



		100-148.5 kHz

		Inductive or magnetic resonance technology



		315-405 kHz

		Inductive technology



		1 700-1 800 kHz

		Inductive technology



		2 005-2 170 kHz

		Inductive technology



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

		Inductive or magnetic resonance technology



		13 553-13 567 kHz 
Note: See RR No. 5.150

		Inductive or magnetic resonance technology



		26 957-27 283 kHz 
Note: See RR No. 5.150

		Inductive or magnetic resonance technology



		Note: Some of the frequency ranges (or parts thereof) in the above Table may not be available for non-beam WPT for mobile and portable devices in some countries, as a result of the different national allocations and regulatory conditions.
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