APT/AWG/REP-91(Rev.1)

[bookmark: _Hlk13134345][image: logogreen]




APT REPORT ON
IMPACT STUDY FOR NON-BEAM WPT FOR MOBILE AND PORTABLE DEVICES






No. APT/AWG/REP-91(Rev.1)
Edition: March 2024




Adopted by

32nd Meeting of APT Wireless Group
4 – 8 March 2024, Pattaya, Thailand

(Source: AWG-32/OUT-15(Rev.1))




APT REPORT ON 
IMPACT STUDY FOR NON-BEAM WPT FOR MOBILE AND PORTABLE DEVICES




This document contains 2 parts. 
Part I is on the impact study in frequency range of 100 – 190 kHz. 
Part II is on the impact study in frequency ranges of 300 – 400 kHz and 1700 – 1800 kHz.





























Part I

IMPACT STUDY FOR NON-BEAM WPT FOR MOBILE AND PORTABLE DEVICES IN THE FREQUENCY RANGE OF 100 – 190 KHZ






[bookmark: _Toc135751621]
Contents
0.	Introduction	4
1.	Applications	5
2.	Spectrum studies	5
2.1	Non-ISM bands used	5
2.2	Incumbent Radio Services	5
3.	Status of impact studies for 100 – 148.5 kHz non-beam WPT for mobile and portable devices	6
3.1	Standard frequency and time signal	6
3.1.1	Introduction to China standard frequency and time signal	6
3.1.2	Parameters for simulation	6
3.1.3	Simulation result and Conclusion	11
3.2	Maritime Radio	12
3.2.1	Introduction to Maritime Radio System	12
3.2.2	Parameters for simulation	13
3.2.3	Simulation result and Conclusion	15
3.3	Automatic Train Stop (ATS) System	21
3.3.1	Introduction to Automatic Train Stop (ATS) System	21
3.3.2	Parameters for simulation	22
3.3.3	Simulation result and Conclusion	24
3.4	Amateur Radio Service	39
3.4.1	Parameters used for simulation	39
3.4.2	Simulation analysis and results	40
3.4.2.1	Single-entry scenarios	40
3.4.2.1	Aggregate scenarios	41
3.4.3	Summary of results	44
3.5	AM broadcasting service	45
3.5.1	AM broadcasting service frequency range	45
3.5.2	Electromagnetic emission measurement in Chamber	45
3.5.3	Conclusion	47
4.	Additional impact studies for non-beam WPT for mobile and portable devices	47
4.1.	Aeronautical radionavigation 190kHz	47
4.1.1	Introduction to aeronautical radionavigation 190 kHz	47
4.1.2	Parameters for interference calculation	47
4.1.3	Interference calculation results and conclusion	48
5.	Conclusion of impact studies for non-beam WPT for mobile and portable devices	49
6.	References	49



[bookmark: _Toc135751622]Executive Summary
This document is focusing on the co-existence study to develop the recommendation on frequency range for non-beam WPT for mobile and portable devices. 
The technical report summarizes the impact to the incumbent radiocommunication systems from WPT devices working in 100 – 148.5 kHz and WPT devices working in 148.5 – 190 kHz frequency range. The systems are selected based on the feedbacks from administrators to APT questionnaire on non-beam wireless power transmission in non-ISM band.
Interference to Standard frequency and time signal (99.75 – 102.5 kHz) 
Interference to Maritime radio (LORAN) (90 – 110 kHz) 
Interference to Automatic Train Stop system (100 – 250 kHz)
Interference to Amateur Radio Service (135.7 – 137.8 kHz)
Interference to AM broadcasting service (526.5 – 1606.5 kHz for Region 3)
Interference to Aeronautical Radionavigation System (189- 191 kHz)

[bookmark: _Toc135751623]Abbreviations and acronyms 
AM	Analog Modulation
ATS	Automatic Train Stop
CAS	Chinese Academy of Sciences
CISPR	International Special Committee on Radio Interference
CWI	Continuous Wave Interference
E/H	Electric field strength to Magnetic field strength
EUT	Equipment Under Test
ISM	Industrial, Scientific and Medical
NDB	Non Directional Radio Beacon
PC	Personal Computer
SFTS	Standard Frequency and Time Signal
WPT	Wireless Power Transmission
0. [bookmark: _Toc13174412][bookmark: _Toc135751624]Introduction
As seeing increasing substantial demands of wireless charging equipment for mobile and portable devices, a frequency range for non-beam Wireless Power Transmission (WPT) for mobile and portable devices operating in 100 – 148.5 kHz was proposed in September 2017 to add to APT/AWG/REC-10 “APT Recommendation on Frequency Ranges for Non-Beam WPT for Mobile Devices” which lists 6,765 – 6,795 kHz. The Task Group on Wireless Power Transmission of AWG agreed that studies on the impact of the proposed WPT technology to radiocommunication services are required for adoption. The Task Group conducted studies and developed this impact study report. 
This report starts with a brief introduction of applications, then describes the spectrum studies which include the non-ISM in interest and the incumbent radio services below 300 kHz. Detailed status of impact studies for 100 – 148.5kHz non-beam WPT is listed in chapter 3. Five incumbent radiocommunication systems, namely Standard Frequency and Time Signal (SFTS), Maritime radio (LORAN), Automatic Train Stop system, Amateur Radio Services, and AM broadcasting services, were chosen for the impact study and assessment based on the survey results from APT administrators [1]. The proposed non-beam WPT for mobile and portable devices operating in 100 – 148.5 kHz demonstrated proof not causing harmful interference to the five incumbent radiocommunication systems. 
Additional impact studies for mobile and portable devices is included in chapter 4. Currently it lists the study result for aeronautical radionavigation system in this band. 
The conclusion for impact study is summarized in chapter 5 of this document.
1. [bookmark: _Toc13174413][bookmark: _Toc135751625]Applications
[bookmark: _Toc12970967][bookmark: _Toc12971015][bookmark: _Toc12971092][bookmark: _Toc12974906]WPT technology has been already widely used for certain applications, and WPT implementation has been studied for wider ranges of applications. These applications include wearable devices, mobile and portable devices, and so on.
Wearable devices are getting popular now and implementation of WPT on these devices are getting attention. Smart glasses, smart watch, Bluetooth earphone, smart earbuds (with monitoring sensors for health care), charging bawl and backpack are good examples of wearable devices applying WPT technologies [2].
WPT implementation to mobile and portable devices are widely deployed and used in the world, especially the WPT for smartphones. According to business intelligence provider IHS Market [footnoteRef:2], fortified by the growth in the sales of wirelessly charged mobile phones, global shipments of wireless power receivers and transmitters across all applications and product segments grew by 37 percent in 2018 to 600 million units, compared to the previous year. Global shipments will continue to grow to approximately 2.1 billion units in 2023.  [2:  https://news.ihsmarkit.com/press-release/technology/global-shipments-wireless-power-receivers-and-transmitters-reach-21-billion] 

WPT applications to mobile and portable devices include embedded WPT in smartphone, tablet, PC, PC peripheral, music player, portable power box and so on. It also includes charging sleeve, charging pad and chargers for smartphone, tablet and PC. 
Magnetic induction, magnetic resonance and capacitive coupling WPT are the 3 major types of WPT technologies normally used for portable and mobile devices. 
2. [bookmark: _Toc13174414][bookmark: _Toc135751626]Spectrum studies 
2.1 [bookmark: _Toc524120329][bookmark: _Toc524120384][bookmark: _Toc13174415][bookmark: _Toc135751627]Non-ISM bands used  
This chapter discusses WPT frequency aspects from the non-ISM band categories, specifically for the 100-148.5 kHz range.

2.2 [bookmark: _Toc524120331][bookmark: _Toc524120386][bookmark: _Toc524119847][bookmark: _Toc524120332][bookmark: _Toc524120387][bookmark: _Toc13174416][bookmark: _Toc135751628]Incumbent Radio Services
Figure 2.1 shows incumbent radio services and systems below 300 kHz. It gives an easy understanding of the incumbent systems. The following co-existence study is based on this figure.

Figure 2.1 Spectrum use of incumbent radiocommunication services and systems below 300 kHz
[image: ]
3. [bookmark: _Toc13174417][bookmark: _Toc135751629]Status of impact studies for 100 – 148.5 kHz non-beam WPT for mobile and portable devices
3.1 [bookmark: _Toc13174418][bookmark: _Toc135751630]Standard frequency and time signal
In this study, China standard frequency and time service is considered as the incumbent victim system, which is operating at 99.75-102.5 kHz.

3.1.1 [bookmark: _Toc524120336][bookmark: _Toc524120391][bookmark: _Toc13174419]Introduction to China standard frequency and time signal
China timing systems are operating at several frequency ranges by the purposes. It includes BPC, BPL and BPM. Among them, BPL is operating at 100 kHz, and this is the target of impact study.
BPL is the call sign of the official long-wave time signal service of the People's Republic of China, operated by the Chinese Academy of Sciences, broadcasting on 100 kHz from CAS's National Time Service Centre in Pucheng County, Shaanxi at 34°56′54″N 109°32′34″E.  The antenna radiated efficient power is more than 1000 kW.

Figure 3.1.1
  China Standard Frequency and Time Signal Station
[image: ]

3.1.2 [bookmark: _Toc13174420]Parameters for simulation
Table 3.1.2.1 lists the Interferer parameters used during the simulation. 
Table 3.1.2.1 
Assumption of parameters for Interferer impacting 
China Standard Frequency and Time Signal Station
	Parameters
	Details
	Reference/Comments

	Device Type
	Wireless Power Transmission device
	

	Operating Frequency (kHz)
	100-148.5
	100 kHz for simulation.

	Radiated Magnetic Field Strength (dBµA/m) @10m
	-3.56
6.44
	Interference level#1
Interference level#2

	Antenna Type
	Omni
	

	Height (m)
	0.7
	Placed on the table

	Attenuation indoor to outdoor (dB)
	10
	Report ITU-R SM.2303-2

	Propagation Model
	Near field and ground wave propagation model
	Recommendation ITU-R SM.2028-2[5]



Table 3.1.2.2 lists the Victim parameters used during the simulation.
The baseline separation used was 10 m required for WPT interferer to victims based on CISPR ‘residential environment’.  CISPR defines the protection against radio communication equipment installed within at least 10 m distance.
As the protection criteria, the signal level from WPT device should be less than the electric field strength of the wanted signal of the victim receiver. 

Table 3.1.2.2  
Assumption of parameters for 
 Victim - China Standard Frequency and Time Signal Station
	Parameters
	Details
	Reference/Comments

	Victim system 
	Standard frequency and time signal receiver
	

	Operating Frequency (kHz)
	100 kHz
	Centre frequency of the system

	Antenna Pattern
	Omni
	

	Standard frequency and Time system transmitter power
	1000 kW
	Bulletin of Chinese Academy of Sciences[footnoteRef:3] [3:  http://www.bulletin.cas.cn/publish_article/2015/Z2/2015Z219.htm] 


	Pulse Duty (ms)
	60
	

	Protection Criteria (dBµV/m) @2370km
	46.28


	 Interference level is less than that of wanted signal Electric Field Strength level of a Victim[footnoteRef:4][6][7] [4:  This judgement is used in “ APT REPORT ON FREQUENCY RANGES USED FOR NON-BEAMWPT FOR ELECTRIC VEHICLES” and CISPR Document “B/WG1/TF WPT/15-46/Sasaki-Shoki-Sawabe” for impact study to radio clock.] 



	Protection Distance (m)
	10
	CISPR11




E/H ratio6  versus Distance
E/H ratio is used in this document to convert magnetic field strength to electric field strength. E/H ratio is not a constant value in the near field at difference distance.  E/H Ratio at 100 kHz by loop source in free space is calculated and drafted in Figure 3.1.2.1 as a reference. From the calculation, E/H Ratio is 17.95 dB-ohm @10m, and 38.32 dB-ohm @100m.  

Figure 3.1.2.1 E/H ratio @100 kHz vs Distance
[image: ]

Figure 3.1.2.2 depicts the relative location of standard frequency and time signal system transmitter, receiver (Victim) and WPT devices.  

Figure 3.1.2.2 
WPT interferer and Standard Frequency and Time Signal System
[image: ]
Figure 3.1.2.3 shows the China map with the BPL centering on Pucheng County, Shaanxi at 34°56′54″N 109°32′34″E. A circle is drawn on the map to explain the coverage of the BPL. With a radius of 2370 km, it is able to cover the entire territory of China. In the following simulations, the 2370 km radius is used as a bench mark for the co-existence study.

Figure 3.1.2.3
BPL and Coverage in the China Map
 [image: ]

Tests were carried out for three wireless chargers from the market to measure the actual magnetic field strength. 
The radiated emissions from EUT were measured in a standard 10m semi-anechoic chamber with a conductive ground plane. Test results are summarized in table 3.1.2.3 for all the peaks captured. 
Table 3.1.2.3
WPT devices Radiated Magnetic Field Strength @10m

	Frequency (MHz)
	MaxPeak (dBµA/m)
	Devices

	0.12774
	-5.37
	WPT1

	0.13991
	-11.34
	WPT1

	0.12774
	-3.56
	WPT2

	0.13991
	-13.56
	WPT2

	0.12371
	-7.47
	WPT3

	0.12525
	-8.75
	WPT3

	0.13986
	-11.12
	WPT3



Table 3.1.2.4
Overview of EUT information
	EUT name
	EUT rated input
	Conditions

	WPT1
	19V/1.3A
	WPT device is tested with a smart phone from the market. Battery for this phone is less than 10%.

	WPT2
	15V/1.5A
	

	WPT3
	9V/1.67A or 5V/2.0A
	



Figure 3.1.2.4
WPT 1 Radiated Magnetic Field Strength @ 10m
[image: ]

Figure 3.1.2.5
WPT 2 Radiated Magnetic Field Strength @ 10m

[image: ]

Figure 3.1.2.6
WPT 3 Radiated Magnetic Field Strength @ 10m
[image: ]
Figure 3.1.2.7
Test environment for Radiated Magnetic Field Strength
[image: IMG_2268]

Table 3.1.2.3 shows a maximum emission of -3.56 dBµAµA/m @10 m from WPT device #2 at 0.12774 MHz. In the following simulation, we take this maximum emission as a referenced interference level at 100 kHz to check the impact from WPT devices to the standard frequency and time signal system. This is simulation case#1.

Based on case#1, we also simulate another case#2 by adding 10 dB margin to the WPT interference level, which makes 6.44 dBµA/m @10 m WPT interference level.

3.1.3 [bookmark: _Toc13174421]Simulation result and Conclusion
Figure 3.1.3.1 is simulation result of Electric Field Strength distribution by the 1000 kW BPT transmitter station. It shows the radio clock signal’s electric field strength degrades to 46.28 dBµV/m at 2370 km.

Figure 3.1.3.1 
Standard Frequency and Time Signal Transmitter Station
Field Strength V.S. Distance (1000kW)
[image: ][image: ]

Interference level #1, -3.56 dBµA/m@10 m
With a 17.95 dB ohm E/H ratio for 100 kHz, -3.56 dBµA/m @10m is converted to 14.39 dBµV/m @10 m Electric Field Strength. 
Considering a 10 dB building entry loss, the interference level used for simulation case#1 as a typical real case is 4.39 dBµV/m @10 m. 
For coverage with 2370 km radius, the margin we have is
46.28 – 4.39 = 41.89 dB

Interference level #2, 6.44 dBµA/m@10 m
Considering the 17.95 dB ohm E/H ratio and 10dB building entry loss, the interference used for simulation case#2 is 14.39 dBµV/m @10 m.
For coverage with 2370 km radius, the margin we have is
46.28 – 14.39 = 31.89 dB
Table 3.1.3.1 is the summarized result. 

Table 3.1.3.1
WPT mobile device with 2 level interferences

	Parameters
	Interference level #1             -3.56 dBµA/m @10m
	Interference level #2             6.44 dBµA/m @10m

	WPT E-Field@10m (At outdoor)(dBµV/m)
	4.39
	14.39

	Margin@2370km coverage (dB)
	41.89
	31.89



Conclusion
In this chapter, 100 kHz interference from a mobile WPT to China Standard Frequency and Time Signal system at 10m proximity was simulated.
Table 3.1.3.1 shows a large margin for devices on the market. 
At a high magnetic field strength of 6.44 dBµA/m @10m from the WPT device, it is still 31.89dB lower than the radio clock signals E field strength of 46.28 dBµV/m at 2370km.
As a result, typical WPT mobile device could be able to coexist with China’s standard frequency and time signal system when operating at 100 kHz. 

3.2 [bookmark: _Toc13174422][bookmark: _Toc135751631]Maritime Radio
In this study, Maritime Loran-C receiver is considered as an incumbent victim system, which operates at 90-110 kHz with 20 kHz bandwidth. Report ITU-R SM. 2449-0 “Technical characteristics and impact analyses of non-beam inductive Wireless Power Transmission (WPT) for mobile and portable devices on radiocommunication services”[8] is the main reference in this study.

3.2.1 [bookmark: _Toc13174423]Introduction to Maritime Radio System
Generally, Loran-C system station is built in non-residential area. Figure 3.2.1.1 are examples for reference. Loran-C receiver is on the ship.
Figure 3.2.1.1
Loran-C Stations in non-residential area

[image: ]

Maritime Loran-C system station in China
There are six Loran-C stations, located at the southeast coastal of China which cover the north, the east, and the south of China’s sea region. The stations are about 5 km onshore.  The average Tx power of the station is 40 kW. Coverage range is about 900-1300 nautical miles.

Figure 3.2.1.2
Loran-C system stations in China

[image: ]

3.2.2 [bookmark: _Toc13174424] Parameters for simulation
Parameters
Table 3.2.2.1 and 3.2.2.2 are parameters used during the simulation for interferer and victim respectively. Same as Chapter 3.1, two WPT interference levels were simulated. 

Table 3.2.2.1 
Assumption of parameters 
 for WPT Interferer impacting Loran-C receiver
	Parameters
	Details
	Reference/Comments

	Device Type
	Wireless Power Transmission mobile device 
	

	Operating Frequency (kHz)
	100-148.5 kHz
	100 kHz is used in simulation 

	Radiated Magnetic Field Strength (dBµA/m) @10m
	-3.56
6.44
	Interference level#1
Interference level#2

	Antenna Type
	Omni
	

	Height (m)
	0.7
	Placed on the table

	Min Distance from shore (m)
	50
	WPT device is placed inside a building or nearby a building.

	Attenuation from indoor to outdoor (dB)
	10
	Report ITU-R SM.2303-2

	Propagation Model
	Near field and far field model
	Recommendation ITU-R SM.2028-2



Table 3.2.2.2  
Assumption of parameters for Victim – Loran-C receiver
	Parameters
	Details
	Reference/Comments

	Victim system 
	Loran-C Receiver
	

	Operating Frequency (kHz)
	100
	90-110 kHz (99% energy)

	Bandwidth (kHz)
	20
	

	Antenna Pattern
	Rod Antenna
	

	Loran-C station Transmitter Output Power ( kW)
	40
	
Report ITU-R SM.2451-0[9]

	Protected Minimum Loran-C Signal Field Strength (dBµV/m)
	45

	Recommendation ITU-R M.589-3 [10]

	Protection Criteria (I/S)
	-20 dB
	Interference to wanted signal ratio (dB), Recommendation ITU-R M.589-3



According to the China Loran-C coexistence study in Report ITU-R SM.2451-0 “Assessment of impact of wireless power transmission for electric vehicle charging (WPT-EV) on radiocommunication services”, CCSA TC5 WG8 suggested that the technical characteristic and protection criteria of Loran‑C/Chayka should be based on Recommendation ITU-R M.589-3.  The protection criteria from the in-band and out-of-band interference should follow the curve in Figure 3.2.2.1. Worst curve (near-synchronous) is used to estimate interference risk. 
Accounting -20dB from near-synchronous at100 kHz (0 kHz offset from 100 kHz) as a worst case, 25dBµV/m is acceptable for noise at Loran-C receiver. Accounting -13dB from near-synchronous at 110kHz as a worst case, 32dBµV/m is an acceptable noise level at Loran-C receiver. 25 dBµV/m at 100kHz is used as the max acceptable noise level at Loran-C receiver in this assessment.
Table 3.2.2.3 is the summary for the protection criteria.

Figure 3.2.2.1
Loran-C/CWI protection criteria
[image: ]
Table 3.2.2.3  
Assumption of parameters for Victim – Loran-C 
	Interferer frequency
	Min wanted signal 
Field Strength
	Loran-C/CWI 
criteria (near-sync)
	Acceptable noise @ Loran-C receiver (dBµV/m)

	100kHz 
	45
	-20
	25



During the simulation, the E/H ratio from Figure 3.1.2.1 is used to calculated the near field E-Field strength from the WPT device. The numbers are listed in the Table 3.2.2.4.

Table 3.2.2.4
E/H Ratio VS Distance@ 100kHz 
	Distance
	E/H Ratio (dB-ohm)

	10
	17.95

	100
	38.32

	1000
	53.26

	2000
	52.01

	5000
	51.61

	10000
	51.55



3.2.3 [bookmark: _Toc13174425] Simulation result and Conclusion
Loran-C Transmitter Signal Strength Distribution
Based on the 40 kW from Loran-C station, Figure 3.2.3.1 depicts the inland 5 km Loran-C E-field distribution along the distance. Tx power of Loran-C signal is very strong and the system is able to cover thousands of kilometres.
Inside the 1700 – 2400 km targeted coverage, Loran-C signal strength is much stronger than the minimum required signal level 45 dBµV/m.
 
Figure 3.2.3.1
Typical China Loran-C E-field Distribution (40kW)
[image: ]

Simulation Scenario #1
This Scenario considers the WPT device in a building or close to a building which is 50 meters onshore.  
Loran-C receiver is the victim, which is installed on the ship.

Figure 3.2.3.2
Scenario #1 Location of Loran-C receiver and WPT devices 
[image: ]
Interference level #1, -3.56 dBµA/m@10m
Figure 3.2.3.3 is the consolidated data for Single entry. Loran-C signal (Blue) is much higher than interference (Red) from WPT device working at 100 kHz.  There is a margin of 110dB.
Figure 3.2.3.4 is the consolidated data for different aggregate cases. Loran-C signal (Blue) is much higher than interference (Red) from WPT device working at 100 kHz. Even for the aggregate case with 10000 active devices, there is a margin of 70 dB.

Interference level #2, 6.44 dBµA/m@10m
Figure 3.2.3.5 is the consolidated data for Single entry. There is a margin of 100dB.
Figure 3.2.3.6 is the consolidated data for different aggregate cases. Even for the aggregate case with 10000 active devices, there is a margin of 60dB.

Figure 3.2.3.3
Single entry with -3.56 dBµA/m @10m WPT interference 
[image: ]

Figure 3.2.3.4
Scenario #1 Loran-C receiver impact study 
Aggregate entry with -3.56 dBµA/m @10m WPT interference 

[image: ]

Figure 3.2.3.5
Scenario #1 Loran-C receiver impact study 
Single entry with 6.44 dBµA/m @10m WPT interference 
[image: ]

Figure 3.2.3.6
Scenario #1 Loran-C receiver impact study 
Aggregate entry with 6.44 dBµA/m @10m WPT interference
 [image: ]

Simulation Scenario #2
The second Scenario#2 considers a WPT device onboard a ship.


Figure 3.2.3.7
Scenario #2 Location of Loran-C receiver and WPT devices [image: ]

Antenna Model for Loran-C Receiver
In this assessment, a Rod antenna is considered as the Loran-C receiver’s antenna installed at the top of a ship. WPT mobile device is in the cabin of a ship. The Loran-C receiving antenna has a different antenna gain considering the incoming signal angle.
According to the antenna simulation result in Figure 3.2.3.8, the antenna directivity for Loran-C signal is 1.73 dBi.
Considering the location of the WPT mobile charging device, incoming WPT interference received by the Loran-C receiving antenna is limited to the bottom side of the antenna pattern as Figure 3.2.3.8 shows. The directivity for WPT interference is -10 dBi in these areas.
The gain delta is calculated as 
-10 dBi – 1.73 dBi = -11.73 dB.

Figure 3.2.3.8
Loran-C receiver antenna gain

[image: ]
Interference level #1, -3.56 dBµA/m@10m

The Magnetic field strength from the WPT mobile charging device is -3.56 dBµA/m @10m.
Considering 17.95 dB E/H ratio from Table 3.2.2.4., the electric field strength @10m would be 14.39 dBµV/m @10m. 
Considering a 10 dB building entry loss, the interference used for simulation case#1 as a typical real case is 4.39 dBµV/m @10m. 
As the gain delta between Loran-C wanted signal and WPT interference is -11.73 dB, plus a -20 dB I/S ratio for protection in Table 3.2.2.2, the signal level to be protected at 10 m is
4.39 dBµV/m -11.73 dB - (- 20dB) = 12.66 dBµV/m

Interference level #2, 6.44 dBµA/m @10m
As this case is adding 10 dB margin to the WPT interference to 6.44 dBµA/m @10m, the signal level to be protected at 10 m is 22. 66 dBµV/m
 
Single Entry case
Figure 3.2.3.9 and Figure 3.2.3.10 are the simulation data for Scenario #2 single entry. Derived from the pictures, in order not to impact the Loran-C receiver at the coverage 1700km, the allowed interference from WPT mobile device onboard a ship should be lower than 56.18dBµV/m, where the WPT device should be 0.82 m away from the Loran-C receiver antenna for Interferer level -3.56 dBµA/m @10m and 1.46 m for Interferer level 6.44 dBµA/m @10m.
In order not to impact the Loran-C receiver at the max coverage 2400 km, the allowed signal field strength from WPT mobile device onboard a ship should be lower than 53.15 dBµV/m, where the WPT device should be 0.98m away from the Loran-C receiver antenna for Interferer level -3.56dBµA/m and 1.73m for Interferer level 6.44dBµA/m @10m.

Figure 3.2.3.9
Scenario #2 Loran-C receiver impact study
Single entry with -3.56 dBµA/m @10m WPT interference 

[image: ]

Figure 3.2.3.10
Scenario #2 Loran-C receiver impact study
Single entry with 6.44 dBµA/m @10 m WPT interference 

[image: ]


Aggregate Entry case
In this case, five WPT mobile charging devices are assumed working at the same time in the cabin of a ship with a separation of 3 meters between each other. 

Figure 3.2.3.11
Scenario #2 Location of Loran-C receiver and WPT devices – Aggregate
[image: ]
Figure 3.2.3.12 and Figure 3.2.3.13 are the consolidated data for Scenario #2 aggregated entry. 
In order not to impact the Loran-C receiver at the coverage distance of 1700 km, the closest WPT device must be placed at least 0.9 m away from the Loran-C receiver antenna for interferer level -3.56 dBµA/m @10m and 1.9 m for interferer level 6.44 dBµA/m @10m.
In order not to impact the Loran-C receiver at the max coverage 2400km, the closest WPT device must be placed at least 1.1 m away from the Loran-C receiver antenna for interferer level -3.56 dBµA/m @10m and 2.5m for interferer level 6.44 dBµA/m @10m.

Table 3.2.3.1 is the summarized result. 

Table 3.2.3.1
Protection Distance VS Interference level
	Parameters
	Interference level#1
	Interference level#2 
(adding 10dB margin to #1)

	WPT H-Field Strength @10m (dBµA/m)
	-3.56
	6.44

	Signal level to be protected (dBµV/m) @ 10m protection distance
	12.66
	22.66

	Signal level to be protected at 1700km (dBµV/m)
	56.18
	56.18

	Signal level to be protected at 2400km (dBµV/m)
	53.15
	53.15

	Protection distance required for coverage 1700km (m)
	0.82 for single entry
0.9 for aggregate

	1.46 for single entry
1.9 for aggregate

	Protection distance required for coverage 2400km (m)
	0.98 for single entry 
1.1 for aggregate

	1.73 for single entry
2.5 for aggregate



Figure 3.2.3.12
Scenario #2 Loran-C receiver impact study
 Aggregate entry with -3.56 dBµA/m @10m WPT interference 
[image: ]

Figure 3.2.3.13
Scenario #2 Loran-C receiver impact study
 Aggregate entry with 6.44 dBµA/m @10m WPT interference 
[image: ]

Conclusion
From the simulation, Loran-C receiver is not impacted in Scenario #1 when WPT devices stay onshore. 
In Scenario #2, WPT mobile device is onboard a ship. In order to cover the max coverage range 2400 km, a minimum separation of 1.73 m must be maintained between the WPT device and Loran-C receiver antenna for a single WPT device case operating around the Loran-C receiver antenna. Furthermore, a distance of 2.5 m should be maintained between the closest WPT mobile device and Loran-C receiver antenna in case of multiple WPT devices operating around the Loran-C receiver antenna. This already considered an interferer level 6.44 dBµA/m @10m which is 10dB higher than the emission level from a typical device from the market. This protection distance is achievable given it’s a WPT mobile device. 
Therefore, the WPT mobile charging devices can operate in the 100 – 148.5 kHz frequency range and co-exist with the Loran-C receiver without impact.

3.3 [bookmark: _Toc524121155][bookmark: _Toc524121309][bookmark: _Toc524121489][bookmark: _Toc524121551][bookmark: _Toc524121704][bookmark: _Toc524121997][bookmark: _Toc509233054][bookmark: _Toc13174426][bookmark: _Toc135751632]Automatic Train Stop (ATS) System
This study analyzes the impact onto the train signal safety system operating in a frequency range overlapping with100-148.5 kHz spectrum.
ATS is deployed not only in the Japanese railway network but also in many other national or regional railway networks around the globe. The simulation is based on the parameters which are described in a past CISPR WPT co-existence study report[footnoteRef:5]. [5:  CISPR B/WG1/TF WPT/15-46/Sasaki-Shoki-SawabeSpectrum, “Coexistence Study between WPT Systems for Electric Passenger Vehicles and Existing Systems”] 


3.3.1 [bookmark: _Toc524121311][bookmark: _Toc524121491][bookmark: _Toc524121553][bookmark: _Toc524121706][bookmark: _Toc524121999][bookmark: _Toc509233055][bookmark: _Toc13174427]Introduction to Automatic Train Stop (ATS) System
Figure 3.3.1.1 shows the frequency allocation for different train systems in Japan. 

Figure 3.3.1.1
Train systems and frequencies
[image: ]

ATS: Automatic Train Stop System (protection against train signals and speed limits)
ATO: Automatic Train Operation (powering control as well as brake)
Train model sorter: train signal controller based on train service class
Rail crossing system: train and obstacle detector that rings railway crossing
Figure 3.3.1.2 shows examples of trains using ATS.

Figure 3.3.1.2
Train system examples
[image: ]

3.3.2 [bookmark: _Toc509233056][bookmark: _Toc13174428]Parameters for simulation
Table 3.3.2.1 lists the parameters of the WPT interferer used during the simulation. A wireless charger coil with 30mm radius is used as a radiator in simulation. 

Table 3.3.2.1 
Assumption of parameters for Interferer
	Parameters
	Details
	Reference/Comments

	Device Type
	Wireless Power Transmission device
	

	Operating Frequency (kHz)
	100-148.5 kHz
	124.25 kHz as a representative  

	Radiated Magnetic Field Strength(dBµA/m)
	Electromagnetic Model
	

	Wireless charger size 
	120*80*6
	mm*mm*mm

	Wireless charger coil radius
	30
	mm

	Wireless charger metal plane size
	120*80
	mm*mm

	Antenna Type
	Loop Antenna
	Wireless charger coil as a loop antenna

	Height (m)
	0.7 ( desk) and  0.42 ( chair)
	WPT device is placed on the table or chair

	Propagation Model
	Near field
	Recommendation ITU-R SM.2028-2 



Table 3.3.2.2 describes the parameter of the victim ATS system used during the simulation. They are based on the Japan coexistence study case in the CISPR WPT co-existence study report. 
Table 3.3.2.2  
Assumption of parameters for Victim
	Parameters
	Details
	Reference/Comments

	Victim system 
	Train Safety System
	

	Operating Frequency (kHz)
	Overlapping with 100 – 148.5 
	Refer to Figure 3.3.1.1 for frequency allocation of ATS.

	Antenna Pattern
	Rectangle Antenna
	Horizontally placed (1m*1m)

	The size limit of the construction of railway (m) - Cross direction
	1.5
	1.5m or 1.8m is used at JR conventional railway lines.

	The size limit of the construction of railway (m) - Upward direction
	3.5
	From railway level. Used in Scenario#4.

	Thickness of building (m)
	0.3
	Typical value

	Min. Horizontal Distance to train safety system (m)
	1.8
	Used for Scenario#2 

	Min. Vertical Distance to train safety system (m)
	2.6 or 4.5
	Used for Scenario#3 or Scenario#4



Protection Criteria 
The study follows the rule and assessment process from the previous mentioned CISPR WPT co-existence study report. 
Section 3.2.1 of this CISPR study report describes the following assessment process.
Regarding the field strength that affects the train signal safety system JIS E 3005 (test method for frequency shift type automatic train stop system) is used as a reference. Electric current flowing through a 1 m x 1 m turn loop coil at a distance of 10 cm from ATS equipment simulates the noise source to derive the interference threshold. The current level of the 1 m × 1 m turn loop coil is adjusted until it is detectable or until it causes malfunction of the train signal safety system. 6 dB are added to the interference threshold, which is defined as the protection criteria. 
This study for the frequency range 100 – 148.5 kHz uses 5.8mA as a worst-case protection criteria[footnoteRef:6].  [6:  CISPR B/WG1/TF WPT/15-46/Sasaki-Shoki-SawabeSpectrum, “Coexistence Study between WPT Systems for Electric Passenger Vehicles and Existing Systems”, Table3-2, this table listed 5.8mA for 79-90kHz, 7.5mA for 140.91-148.5KHz. No claim for 100-140.91kHz, so we take most stringent criteria in this table as our simulation criteria] 

The CISPR study report describes how a 1.6mA/m magnetic field strength is generated. 
An effective electric current of 1 mA is applied as a noise source. Using a turn loop coil of 1 m×1 m generates this magnetic field at 100 mm-point above the coil. 
Below is the simulation result from the CISPR WPT co-existence study report for reference. In both cases, a maximum 1.6 mA/m (effective value) magnetic field is emitted.

Figure 3.3.2.1 
Noise source 1 magnetic strength 
generated by turn loop coil 1 (left) and coil 2 (right)
[image: ]

Hence, multiplying 5.8 with 1.6mA/m leads to a maximum acceptable interference magnetic field of 9.28mA/m. This magnetic field strength value is used as the protection criteria for ATS in following simulation.

Table 3.3.2.3  
Protection Criteria for ATS
	Objective
	Protection Criteria
	Reference/Comments

	Maximum accepted interference regenerated current (mA)
	5.8
	CISPR WPT co-existence study report

	Maximum accepted interference magnetic field strength (mA/m)
	9.28
	1.6 conversion coefficient (H/I) used here, refer to CISPR WPT co-existence study report. It is equivalent to 9280µA/m



3.3.3 [bookmark: _Toc509233057][bookmark: _Toc13174429]Simulation result and Conclusion
Simulation Scenarios
In this co-existence study, two scenarios are simulated – interference inside a train and outside a train. 
WPT interference outside a train
Both single entry and aggregate scenarios are considered in this study.
4 single entry scenarios are used and an aggregate scenario, #5, (vector sum method) is used based on the worst case single entry scenario. The figures below depict the setups for these interference scenarios outside a train.

Figure 3.3.3.1
Single Entry Scenarios
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Figure 3.3.3.2
Aggregate Entry Scenario
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WPT interference inside a train
Figure 3.3.3.3 explains this scenario. WPT devices are inside the train.

Figure 3.3.3.3
WPT interference inside a train 
[image: ]

In this scenario, the WPT devices are located inside a train, three typical scenarios are simulated using 8 WPT devices as aggressors.
Figure 3.3.3.4 explains scenario #6, where 8 WPT devices are evenly distributed and victim coil is in the center. 
Figure 3.3.3.4
WPT interference inside a train – Scenario 6

[image: ]

Figure 3.3.3.5 explains scenario #7. Victim coil is right under one WPT device (named WPT#3 in this case). The other 7 WPT devices are around the victim coil.

 Figure 3.3.3.5
WPT interference inside a train – Scenario 7

[image: ]

Figure 3.3.3.6 explains scenario #8. In this case, the cable between coil on the car and equipment is the victim. There are eight WPT devices distributed on both sides and along the cable. 

Figure 3.3.3.6
WPT interference inside a train – Scenario 8

[image: ]

Simulation Details
Wireless charger Model
Figure 3.3.3.7 is the wireless charger Model in the simulation. A wireless charger model sized 120x80x5 (mm*mm*mm) with a 30mm coil radius is modeled. A metal plate sized 120x80(mm*mm) is placed under the coil. 

Figure 3.3.3.7
Wireless Charger Model
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An example of simulated current distribution and electric and magnetic field distribution is shown in Figure 3.3.3.8. 

Figure 3.3.3.8
Wireless Charger Current and Electric and Magnetic Field distribution
[image: ]

Figure 3.3.3.9 is the magnetic field distribution result.

Figure 3.3.3.9
Wireless Charger Magnetic Field distribution @ z=-0.7m plane

 [image: ]

Figure 3.3.3.10 is the electric and magnetic field sphere distribution at 3m.

Figure 3.3.3.10
Electric and Magnetic Field distribution sphere @3m
[image: ]


Figure 3.3.3.11 shows the radiated magnetic field strength distribution at different distances. An extra scale factor was added in the simulation tool to align the simulation result with the worst test case in table 3.1.2.3. The plot below shows that the radiated H-field strength @10 m is -3.56 dbµA/m. 

Figure 3.3.3.11
                Radiated H-field @ 124.5kHz Distribution VS Distance
[image: ]

Simulation result for Scenario#1
Desk height: 0.7 m (typical)
Construction limits for crossing direction:  total width 3 m (from center of gauge 1.5m)
Thickness of building: 0.3 m
Victim coil location (X,Y,Z) (m):  (1.8, 0, -0.7)
As simulation scenario, figure 3.3.3.1 shows, victim coil is in parallel with aggressor coil, radiated Z direction’s magnetic field dominates the impact contribution. Hz = 51.284 µA/m can be got when WPT frequency is at 124.25 kHz. Figure 3.3.3.12 is the Electric and Magnetic Field strength distribution at 124.25 kHz at Z direction =-0.7 m. 

Figure 3.3.3.12
E/H field distribution @ 124.25 kHz – Scenario 1
[image: ] [image: ]

Figure 3.3.3.13 shows the consolidated radiated H-field strength in 3 coordinates versus Z direction. 

Figure 3.3.3.13
Radiated H-field @ 124.25 kHz vs Z direction – Scenario 1
 
[image: ]


Simulation result for Scenario#2
Desk height: 0.7 m (typical)
Construction limits for crossing direction:  total width 3 m (from center of gauge 1.5m)
Thickness of building: 0.3 m
Victim coil location (X,Y,Z) (m):  (1.8, 0, 0~10)
As simulation scenario, figure 3.3.3.1 shows, victim coil is in parallel with aggressor coil, radiated Z direction’s magnetic field dominates the impact contribution. Hz = 113.61 µA/m can be got when WPT frequency is at 124.25 kHz. Figure 3.3.3.14 is the Electric and Magnetic Field strength distribution at 124.25 kHz at Z direction =0 meter. 

Figure 3.3.3.14
E/H field distribution @ 124.25 kHz – Scenario 2
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Figure 3.3.3.15 shows the consolidated radiated H-field strength in 3 coordinates versus Z direction. 

Figure 3.3.3.15
Radiated H-field @ 124.25 kHz vs Z direction - Scenario 2
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Simulation result for Scenario#3
Desk height: 0.7 m (typical)
Construction limits for crossing direction:  total width 3 m (from center of gauge 1.5 m)
Thickness of building: 0.3 m
Victim coil location (X,Y,Z) (m):  (0, 0, 2.6)

As simulation scenario, figure 3.3.3.1 shows, victim coil is in parallel with aggressor coil, radiated Z direction’s magnetic field dominates the impact contribution, radiated Z direction’s magnetic field dominates the impact contribution. Hz = 78.856 µA/m can be got when WPT frequency is at 124.25 kHz. Figure 3.3.3.16 is the Electric and Magnetic Field strength distribution at 124.25 kHz at Z direction =2.6 meters.

Figure 3.3.3.16
E/H field distribution @ 124.25 kHz – Scenario 3
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Figure 3.3.3.17 shows the consolidated radiated H-field strength in 3 coordinates versus Z direction. 

Figure 3.3.3.17
Radiated H-field @124.25 kHz vs Z direction -  Scenario 3
[image: ]

Simulation result for Scenario#4
Desk height: 0.7 m (typical)
Construction limits for crossing direction:  total width 3m (from center of gauge 1.5 m)
Thickness of building: 0.3 m
Victim coil location (X,Y,Z) (m):  (0, 0, -4.5)
As simulation scenario, figure 3.3.3.1 shows, victim coil is in parallel with aggressor coil, radiated Z direction’s magnetic field dominates the impact contribution, radiated Z direction’s magnetic field dominates the impact contribution. Hz = 14.216 µA/m can be got when WPT frequency is at 124.25 kHz. Figure 3.3.3.18 is the Electric and Magnetic Field strength distribution at 124.25 kHz at Z direction =-4.5 meters.

Figure 3.3.3.18
E/H field distribution @124.25 kHz – Scenario 4
[image: ]

Figure 3.3.3.19 shows the consolidated radiated H-field strength in 3 coordinates versus Z direction. 

Figure 3.3.3.19
Radiated H-field @124.25 kHz vs Z direction - Scenario 4
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Simulation result for Scenario#5 (Aggregate)
Desk height: 0.7m (typical)
Construction limits for crossing direction:  total width 3m (from center of gauge 1.5m)
Thickness of building: 0.3m
Victim coil location (X,Y,Z) (m):  (1.8, 0, 0)
A (X,Y,Z) (m):  (1.8, -3.4, 0)
B (X,Y,Z) (m):  (1.8, -1.7, 0)
C (X,Y,Z) (m):  (1.8, 0, 0)
D (X,Y,Z) (m):  (1.8, 1.7, 0)
E (X,Y,Z) (m):  (1.8, 3.4, 0)
Figure 3.3.3.20 shows the aggregated radiated H-field strength in 3 coordinates versus Z direction at 124.25 kHz. As simulation scenario, figure 3.3.3.1 shows, victim coil is in parallel with aggressor coil, radiated Z direction’s magnetic field dominates the impact contribution, radiated Z direction’s magnetic field dominates the impact contribution. At Z=0 m, it can be concluded that the maximum Hz value is 212.73 µA/m. 

Figure 3.3.3.20
Radiated H-field @124.25 kHz vs Z direction – Scenario 5
[image: ]

Simulation result for Scenario#6 (Aggregate)
Chair height: 0.42 m (typical)
Center interval between chairs in vicinity: 0.6/1.0 m
Distance on Z-direction for victim coil on the train: 1.1 m
Distance on Z-direction for victim coil on the ground: 1.7 m
Victim coil on the train location (X,Y,Z) (m):  (x, y,-1.1)
1 (X,Y,Z) (m):  (0.5, -1.1, -1.1)
2 (X,Y,Z) (m):  (-0.5,-1.1,-1.1)
3 (X,Y,Z) (m):  (0.5, -0.5,-1.1)
4 (X,Y,Z) (m):  (-0.5, -0.5,-1.1)
5 (X,Y,Z) (m):  (0.5, 0.5,-1.1)
6 (X,Y,Z) (m):  (-0.5, 0.5,-1.1)
7 (X,Y,Z) (m):  (0.5,1.1,-1.1)
8 (X,Y,Z) (m):  (-0.5, 1.1,-1.1)
Figure 3.3.3.21 shows the individual contribution from each aggressor and aggregated radiated H-field strength versus Z direction at 124.5kHz. As simulation scenario, figure 3.3.3.1 shows, victim coil is in parallel with aggressor coil, radiated Z direction’s magnetic field dominates the impact contribution, radiated Z direction’s magnetic field dominates the impact contribution. At Z=-1.1m, it can be concluded that the maximum Hz value is 1500 µA/m and at Z=-1.7m, it can be concluded that the maximum Hz value is 848.7 µA/m. 

Figure 3.3.3.21
Radiated H-field @124.25 kHz vs Z direction – Scenario 6
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[image: ]
[image: ]

Simulation result for Scenario#7 (Aggregate)
Chair height: 0.42 m (typical)
Center interval between chairs in vicinity: 0.6/1.0 m
Distance on Z-direction for victim coil on the train: 1.1 m
Distance on Z-direction for victim coil on the ground: 1.7 m
Victim coil on the train location (X,Y,Z) (m):  (x, y,-1.1)
1 (X,Y,Z) (m):  (0, -0.6, -1.1)
2 (X,Y,Z) (m):  (-1,-0.6,-1.1)
3 (X,Y,Z) (m):  (0, 0,-1.1)
4 (X,Y,Z) (m):  (-1,0,-1.1)
5 (X,Y,Z) (m):  (0, 1,-1.1)
6 (X,Y,Z) (m):  (-1, 1,-1.1)
7 (X,Y,Z) (m):  (1,-0.6,-1.1)
8 (X,Y,Z) (m):  (1, 0,-1.1)
Figure 3.3.3.22 shows the aggregated radiated H-field strength versus Z direction at 124.5 kHz. As simulation scenario, figure 3.3.3.1 shows, victim coil is in parallel with aggressor coil, radiated Z direction’s magnetic field dominates the impact contribution, radiated Z direction’s magnetic field dominates the impact contribution. At Z=-1.1m, it can be concluded that the maximum Hz value is 1900 µA/m and at Z=-1.7 m, it can be concluded that the maximum Hz value is 944.75 µA/m. 

Figure 3.3.3.22
Radiated H-field @124.25 kHz vs Z direction – Scenario 7
[image: ]
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Simulation result for Scenario#8 (Aggregate)
Chair height: 0.42 m (typical)
Center interval between chairs in vicinity: 0.6/1.0 m
The cable (blue line in Figure 3.3.3.6) is the victim.
Distance on Z-direction for victim cable: 0.62 m.
Victim cable location (X,Y,Z) (m):  (x, 0.3/-0.3,-0.62)
1 (X,Y,Z) (m):  (X, -0.3, -0.62)
2 (X,Y,Z) (m):  (X,0.3,-0.62)
3 (X,Y,Z) (m):  (X-1, -0.3,-0.62)
4 (X,Y,Z) (m):  (X-2,-0.3, -0.62)
5 (X,Y,Z) (m):  (X-2,-0.3, -0.62)
6 (X,Y,Z) (m):  (X-2,0.3, -0.62)
7 (X,Y,Z) (m):  (X-3,-0.3, -0.62)
8 (X,Y,Z) (m):  (X-3, 0.3, -0.62)

Figure 3.3.3.23 shows the individual contribution from each aggressor and the aggregated radiated H-field strength versus Z direction at 124.5 kHz. As a result from the simulation, radiated Z direction’s magnetic field dominates the impact contribution. it can be concluded that the maximum Hz value is 4966 µA/m.

Figure 3.3.3.23
Radiated H-field @124.25 kHz vs Z direction – Scenario 8
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Summary of simulation results 
The simulation results are summarized in Table 3.3.3.1. From the result in Table 3.3.3.1, all 8 scenarios are with enough margin.

Table 3.3.3.1
Summary of simulation results 
	Scenarios
	Simulation results (µA/m)
	Simulation results (dbµA/m)
	Protection Criteria (µA/m)
	Protection Criteria (dbµA/m)
	Margin (dB)

	Scenario#1
	51.284
	34.200
	9280
	79.351
	45.150

	Scenario#2
	113.61
	41.108
	9280
	79.351
	38.240

	Scenario#3
	78.856
	37.937
	9280
	79.351
	41.410

	Scenario#4
	14.216
	23.056
	9280
	79.351
	56.300

	Scenario#5
	212.73
	46.557
	9280
	79.351
	32.790

	Scenario#6
	1500
	63.522
	9280
	79.351
	15.830

	Scenario#7
	1900
	65.575
	9280
	79.351
	13.780

	Scenario#8
	4966
	73.920
	9280
	79.351
	5.430



Conclusion
There is no impact to Train Safety System from WPT devices operating in 100 – 148.5 kHz frequency range as shown in Table 3.3.3.1.
The extra attenuation due to the carriage structure, will provide an even bigger margin. 
WPT mobile charging devices can operate in the 100 – 148.5 kHz frequency range and co-exist with automatic train stop system without impact it.

3.4 [bookmark: _Toc13174430][bookmark: _Toc135751633]Amateur Radio Service
In this study, an Amateur radio receiver is considered as the incumbent victim system, which is operating at frequency range 135.7 – 137.8 kHz overlapping with a WPT system in the 100-148.5 kHz frequency range.

3.4.1 [bookmark: _Toc13174431]Parameters used for simulation
For this simulation, the CISPR 14-1 limit is used as a reference for WPT interference level. According to the CISPR 14-1, the limit for 3 m distance is decreasing linearly with frequency from 69 to 39 dBµA/m over 70 kHz to 150 kHz. As shown in figure 3.4.1.1, the magnetic field strength at 136.75 kHz is 43.97 dBµA/m at 3 which is used as the WPT interference level for this simulation.
Figure 3.4.1.1
CISPR 14-1 limit and WPT interference level 
[image: ] [image: ]

The parameters for the amateur service receivers are from Recommendation ITU-R M.1732 [11]and are shown in Table 3.4.1.1 below. This recommendation does not contain an interference protection criterion for amateur operations in this frequency range. A protection criteria of I/N -6 dB is assumed for the purposes of this study.
Table 3.4.1.1
Parameters assumed for the Amateur service receiver
	Parameters
	Value

	Center frequency (kHz)
	136.75

	Bandwidth (kHz)
	0.4

	Antenna Pattern
	Omni-directional

	Minimum noise level (dBµV/m)
	31.6

	Protection criteria (I/N) (dB)
	-6

	Permissible interference level (dBµV/m)
	25.6



3.4.2 [bookmark: _Toc13174432]Simulation analysis and results
3.4.2.1 [bookmark: _Toc13174433]Single-entry scenarios
The single-entry scenarios place a single WPT device inside a building with the amateur receiver located away from the building outdoors. The first simulation uses 3 dB building building entry loss and the second uses 10 dB building entry loss to account for different building materials. 
Figure 3.4.2.1.1
Single entry scenario
[image: ]

Figure 3.4.2.1.1
Single-entry distribution for scenario 1
[image: ]

Conclusions for single-entry scenario 1
The results for single-entry scenario 1 using a 10 dB attention to simulate concrete building construction show the WPT device should be placed more than 8.7 m from the amateur radio receiver.





Figure 3.4.2.1.2
Single-entry distribution for scenario 2
[image: ]

Conclusions for single-entry scenario 2:
The results for single-entry scenario 2 using a 3 dB attention to simulate wooden building construction show that the WPT device should be placed more than 13 m from the amateur radio receiver.

3.4.2.1 [bookmark: _Toc13174434]Aggregate scenarios
The aggregate scenarios use four WPT devices located inside a house. Each of the WPT devices is positioned 1 m from the wall and then is randomly distributed in various corners of the rooms. The first scenario uses 10 dB building entry loss to simulate the effects of concrete or brick walls and the second scenario uses 3 dB for wooden construction. 























Figure 3.4.2.2.1
Depiction of Model #1 aggregate scenario
[image: ]
To simulate different building materials, the building entry loss for both wooden and concrete walls were assessed to determine the protection distance. The values are included in the table below:
Table 3.4.2.2.1
Values used for building entry loss
	Parameter
	Number of Walls
	Wooden Wall building entry loss (dB)
	Concrete Wall Building entry loss (dB)

	WPT1
	2
	6
	20

	WPT2
	2
	6
	20

	WPT3
	1
	3
	10

	WPT4
	1
	3
	10













Figure 3.4.2.2.2
Results of simulation with 10 dB building entry loss
[image: ]
Figure 3.4.2.2.3
Aggregate WPT E-field strength with 10 dB building entry loss
[image: ]

Conclusions for aggregate simulation 1 
The minimum protection distance is 3.4 m and the maximum distance is 11.6 m based on 10 dB building entry loss from concrete walls. The range of values is a result of WPT device placement near windows. The 11.6 m maximum distance is when the WPT device is placed within close proximity to a window and the minimum distance of 3.4 m is when the WPT device is placed near an interior wall. 











Figure 3.4.2.2.4
Results of simulation with 3 dB building entry loss
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Figure 3.4.2.2.5
Aggregate WPT E-field strength with 3 dB building entry loss 
[image: ]

Conclusions for aggregate scenario 2
The minimum protection distance is 12.9 m and the maximum distance is 20.1 m based on 3 dB building entry loss from wooden walls. The range of values is a result of WPT device placement near windows. The 20.1 m maximum distance is when the WPT device is placed within close proximity to a window and the minimum distance of 12.9 m is when the WPT device is placed near an interior wall. 

3.4.3 [bookmark: _Toc13174435] Summary of results
Table 3.4.3.1 below summarizes the results of the simulations. Based on the simulation results, it can be concluded that non-beam WPT mobile charging devices do not impact amateur service receivers when the devices are placed more than 20.1 m from the receiver. 



Table 3.4.3.1
Summary of results
	Scenario
	Permissible interference level (dBµV/m)
	Separation distance (m)

	Single-entry scenario 1
	25.6
	8.7

	Single-entry scenario 2
	25.6
	13

	Aggregate scenario 1
	25.6
	11.6

	Aggregate scenario 2
	25.6
	20.1



3.5 [bookmark: _Toc13174436][bookmark: _Toc135751634]AM broadcasting service
3.5.1 [bookmark: _Toc13174437]AM broadcasting service frequency range 
As indicated in the on-going ITU-R work contained in Report ITU-R SM.2449-0 Technical characteristics and impact analyses of non-beam inductive Wireless Power Transmission (WPT) for mobile and portable devices on radiocommunication services, the broadcasting service operates in the following frequency ranges: 
–	Region 1:  148.5-283.5 kHz and 526.5-1 606.5 kHz[footnoteRef:7] [7:  The broadcasting service is subject to the Plan established by the  Geneva 1975 regional agreement 148.5-283.5 kHz Region 1 526.5-1 606.5 kHz Region 1 & 3 (Geneva, 1975). ] 

–	Region 2:  525-1 625 kHz (subject to No. 5.89)[footnoteRef:8] [8:   No. 5.89: In Region 2, the use of the band 1 605-1 705 kHz by stations of the broadcasting service is subject to the Plan established by the Regional Administrative Radio Conference (Rio de Janeiro, 1988).] 

–	Region 3:  526.5-1 606.5 kHz[footnoteRef:9] [9:  Ibis, 3.] 


3.5.2 [bookmark: _Toc13174438]Electromagnetic emission measurement in Chamber
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]We measured the magnetic field strength at 3m distance for the 3 wireless chargers from the market according to CISPR14-1. The EUT information is described in table 3.1.2.4.
The EUT is placed on a non-metallic table 80 cm above the ground plane in a semi-anechoic chamber. The test table is located at the centre of the turntable. The distance between EUT and receive antenna is 3 meters. During test, the wireless charger is connected to the power supply and the auxiliary device is placed on the wireless charger for charging. The receiver scans continuously and meanwhile the turntable rotate from 0 to 360 degrees continuously. All the procedures are executed by the EMC32 automatic test system. During the receiver scans continuously, the test results are kept at the maximum value in order to find the maximum radiation disturbance emission of the equipment under test accurately.
Figure 3.5.1.1 is the configuration diagram for the test.

Figure 3.5.1.2
[image: ]

Below 3 figures are the test results. All the results are under the limit (red line in the plots) with big margin.
Figure 3.5.1.2
WPT 1 Radiated Magnetic field strength @ 3m
[image: ]

Figure 3.5.1.3
WPT 2 Radiated Magnetic field strength @ 3m

[image: ]

Figure 3.5.1.4
WPT 3 Radiated Magnetic field strength @ 3m
[image: ]
3.5.3 [bookmark: _Toc13174439]Conclusion
From above test data, all 3 wireless chargers from market can pass CISPR14-1 limit with a good margin at the frequency range 526.5 – 1606.5 kHz of AM broadcasting service. 
Moreover, Report ITU-R SM. 2449-0 “Technical characteristics and impact analyses of non-beam inductive Wireless Power Transmission (WPT) for mobile and portable devices on radiocommunication services” provides a subjective audible test using the 810kHz channel, which is 7th harmonic of the WPT applications. The subjective audible testing is done on both single-entry and aggregate cases. The worst-case scenario results in the laboratory testing show 2.3 m as the minimum separation distance required to prevent audible interference to AM broadcasting receivers of the 7th harmonic of the induction charging devices testing.  Given this is a mobile device typically used in offices and homes, this distance is achievable and therefore, the impact to the broadcasting service is negligible.
Therefore, the WPT mobile charging devices can operate in the 100 – 148.5 kHz frequency range and co-exist with AM broadcasting service.
4. [bookmark: _Toc13045676][bookmark: _Toc13045677][bookmark: _Toc13045678][bookmark: _Toc13174440][bookmark: _Toc135751635]Additional impact studies for non-beam WPT for mobile and portable devices
4.1. [bookmark: _Toc13174441][bookmark: _Toc135751636]Aeronautical radionavigation 190kHz
In this study, receiver of radionavigation services is considered as an incumbent victim system, which operates in 190 kHz band.
4.1.1 [bookmark: _Toc525124407][bookmark: _Toc13174442]Introduction to aeronautical radionavigation 190 kHz
The aeronautical radionavigation system (NDB: Non Directional Radio Beacon) is installed at each airport and at the fixed location to help the aircraft determine the direction of flight and the direction of the airport. NDB stations will broadcast an AM modulated signal with Morse code (containing 2 to 3 characters) in the frequency band around 190 kHz band. 
4.1.2 [bookmark: _Toc13174443]Parameters for interference calculation
Table 4.1.1 lists the interferer parameters used during the interference calculation. 
Table 4.1.1
Assumption of parameters for Interferer (WPT)
	Parameters
	Details

	Device Type
	Wireless Power Transmission device

	Operating Frequency (kHz)
	190 kHz

	Radiated Magnetic Field Strength (dBµA/m) @10m
	-22

	Antenna Type
	Omni

	Propagation Model
	Near field (*)


(*) Notes: Some measurements have investigated to compare theory calculation model to the measured results in the laboratory environment. It seems likely that there is a slight difference between the theory calculation and the result of field test. The difference is acceptable given that there are always tolerant of field measurements.
Table 4.1.2 lists the victim parameters used during the interference. 

Table 4.1.2 Assumption of parameters for radionavigation receive station
	Parameters
	Details

	Victim system 
	NDB

	Bandwidth
	2 kHz

	Operating Frequency (kHz)
	190 kHz

	Protection criteria (C/I)
	15 dB (*)

	Minimum wanted signal level (µV/m)
	120 (*)

	[bookmark: OLE_LINK8]Permitted maximum Interference level Imax (dBµA/m)
	-24.9 

	(*): Reference - ITU-R Radio Regulation, Appendix 12



As the protection criteria, the H field strength level produced from interfering WPT should be less than the permitted maximum interference level (Imax).  

4.1.3 [bookmark: _Toc13174444]Interference calculation results and conclusion

Figure 4.1.1 is the calculation result for H field strength produced from a WPT device with – 22 dBµV/m@10 m. 

[image: ]
Figure 4.1.1 H field strength produced from one WPT device by distance

It is shown that the requirement on the protection distance between WPT device and radionavigation station is below 11 m to meet the protection criteria for the receiver of radionavigation services. 

5. [bookmark: _Toc13174445][bookmark: _Toc135751637]Conclusion of impact studies for non-beam WPT for mobile and portable devices
In this report, impact from non-beam WPT for mobile and portable devices on incumbent radio systems in APT countries are studied and analyzed. 
Those systems include China standard frequency and time signal system, Maritime Loran-C receiver system, Automatic Train Stop system, Amateur Radio service, AM broadcasting service and aeronautical radionavigation system. 
An adequate separation distance is needed to prevent interference from WPT devices to some incumbent radio systems.
1) WPT mobile and portable devices operating in the 100 – 148.5 kHz frequency range
For standard frequency and time signal service, the interference is 31.89dB lower than the minimum wanted signal level. For automatic train stop system, all 8 designated scenarios passed the protection criteria (refer to the summary at table 3.3.3.1). For maritime radio (LORAN) system, a 2.5 m distance should be maintained between the closest WPT mobile device and Loran-C receiver antenna for the aggregate case in order for a coverage of 2400km. For amateur radio service , the protection distance required is between 13 m and 20.1m depending on the scenario. For AM broadcasting service, the required separation distance is 2.3 m. These protection distances are achievable.
2) WPT mobile and portable devices operating in the 148.5 - 190 kHz frequency range
The requirement for protection distance to aeronautical radionavigation system is 11 m which is achievable. 
Further studies are needed to evaluate the impact to other incumbent radio systems.
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[bookmark: _Toc111017426][bookmark: _Toc135751639]Executive Summary
This report focuses on the impact study on incumbent radiocommunication services regarding non-beam wireless power transmission (WPT) for mobile and portable devices operating at the frequency ranges 300-400 kHz and 1700-1800 kHz. 
It aims at developing a recommendation on new frequency ranges suitable for mobile and portable non-beam WPT devices to meet the emerging demands from wireless charging industry and the market. 
The incumbent radiocommunications are summarized from APT-AWG-REP-1201. 
· Aeronautical radionavigation 
· Maritime radionavigation 
· Fixed service 
· Mobile service 
· Radiolocation 
· Radionavigation

[bookmark: _Toc110499531][bookmark: _Toc111017427][bookmark: _Toc135751640]Abbreviations and acronyms 
ADF	Automatic Direction Finder
CWI	Continuous Wave Interference
E/H	Electric field strength to Magnetic field strength
HF	High Frequency
FS	Fixed Service
GNSS	Global Navigation Satellite System
MF	Middle Frequency
ICAO	International Civil Aviation Organization
IALA	International Association of maritime aids to navigation and Lighthouse Authorities
IMO	International Maritime Organization
NDB	Non-Directional Radio Beacon
WPT	Wireless Power Transmission


0. [bookmark: _Toc110499532][bookmark: _Toc111017428][bookmark: _Toc135751641]Introduction
As the market demands for wireless charging technology continues to increase rapidly, WPT technologies are covering more and more applications. It powers consumer electronic products such as smartphones, laptops, tablets, wearables, gaming console, and so on. To pursue higher efficiency and faster charging speeds for mobile and portable non-beam WPT devices in various form factors, a wider range of frequencies is needed. 
This Report studies the impact from non-Beam WPT operating in frequency ranges 300 - 400 kHz and 1700 - 1800 kHz, part of which are already employed on some mobile and portable non-beam WPT devices. The non-beam WPT applications such as electric vehicle and home appliances are outside of the scope of this Report.
1. [bookmark: _Toc110499533][bookmark: _Toc111017429][bookmark: _Toc135751642]Spectrum studied 
Some mobile and portable devices have already used part of 300-400 kHz and 1700 -1800 kHz frequency ranges for WPT, such as smartphones and wearables.  The inductive WPT technology is employed in the new frequencies to continuously bring better efficiency and improve user experience to the users. 
2. [bookmark: _Toc110499534][bookmark: _Toc111017430][bookmark: _Toc135751643]Incumbent radiocommunications 
The frequency allocation for radiocommunications is illustrated in Figure 2.1, which is derived from ITU Radio Regulation 2020. 
Figure 2.1 Frequency Allocation in Region 3
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2.1 [bookmark: _Toc110499535][bookmark: _Toc111017431][bookmark: _Toc135751644]Radio services in frequency range of 300-400 kHz
Considering the survey report (APT-AWG-REP-120) and ITU Radio Regulation 2020, in Region 3, three radiocommunication services are allocated to this frequency range. They are AEORNAUTICAL RADIONAVIGATION, MARTIME RADIONAVIGATION, and Aeronautical mobile. However, according to International Civil Aviation Organization (ICAO) Handbook of Radio Frequency Spectrum Requirements for Civil Aviation 2018 2nd Edition11, aeronautical mobile service starts from the frequency 2850 kHz and onwards.
Therefore, the study mainly focuses on the below two incumbent radiocommunications: 
· AERONAUTICAL RADIONAVIGATION
· MARITIME RADIONAVIGATION
2.2 [bookmark: _Toc110499536][bookmark: _Toc111017432][bookmark: _Toc135751645]Radio services in frequency range of 1700-1800 kHz
The frequency range of 1700 -1800 kHz in Region 3 is allocated to FIXED, MOBILE, RADIOLOCATION and RADIONVIGATION. Meanwhile, in the survey report (APT-AWG-REP-120), some administrations stated that fishery radio buoy also operates at this frequency range. Fishery radio buoy is generally one application of Radiolocation. Therefore, the study mainly focuses on below incumbent radiocommunication services: 
· FIXED
· MOBILE 
· RADIOLOCATION (Fishery radio buoy)
· RADIONAVIGATION
3. [bookmark: _Toc110499537][bookmark: _Toc111017433][bookmark: _Toc135751646]Technical and operational characteristics
3.1. [bookmark: _Toc110499538][bookmark: _Toc111017434][bookmark: _Toc135751647]Non-beam inductive WPT device characteristics
Report ITU-R SM.2303-32 provides the detailed descriptions for the technical and operational characteristics of non-beam inductive WPT portable and mobile devices.
3.1.1 [bookmark: _Toc110499539]Use-cases and device density
The expected densities are given in below table and applied to this study. It refers to ECC Report 3337. 
Table 3.1.1.1 WPT applications and deployment parameters 
	Frequency range (kHz)
	Use-cases/Notes
	Environment/Density/Activity

	300-400 kHz
	Wearables, portables
	Assumed deployment: 1-2 hr/day
Dense urban: 1500 devices/km2
Urban: 375 devices/km2
Residential: 150 devices/km2

	1700 -1800 kHz
	Wearables
	Assumed deployment:1-2 hr/day
Dense Urban: 500 devices/km²
Urban: 125 devices/km²
Residential: 50 devices/km²


3.1.2 [bookmark: _Toc110499540]WPT emission level
WPT emission level used in this study is provided as in below table. 
Each WPT model is constructed so that it only emits the maximum allowable level in the worst alignment position of the two coils. For many other alignments positions, the actual radiated level is much lower. 
In this study, the WPT model randomly picks up an emissions level from the position between best and worst alignment. 
Table 3.1.2.1 WPT emission parameters 
	Parameters
	Value

	WPT Max emissions (worst alignment)
	-15 dBµA/m at 10 m

	WPT Min emissions (best alignment)
	-30 dBµA/m at 10 m

	WPT operating frequency 1
	300-400 kHz

	WPT operating frequency 2
	1700–1800 kHz

	WPT bandwidth 
	< 1 kHz



3.2. [bookmark: _Toc135751648][bookmark: _Toc110499541][bookmark: _Toc111017435]Aeronautical radionavigation
The non-directional beacon (NDB)/automatic direction finder (ADF) system has been allocated radio spectrum in the aeronautical radionavigation service, which is a short distance air navigation system. The ground component provides properly equipped aircraft with bearing and identification referenced to the selected ground component. The NDB/ADF is an International Civil Aviation Organization (ICAO) standard navigation aid. 
According to ITU-R Radio Regulation Appendix 12 Section I, aeronautical radiobeacons operating in the bands between 160 kHz and 535 kHz shall be based on a protection ratio against interference of at least 15 dB for each beacon throughout its service area. In Region 3, the minimum field strength should be kept at least 70 uV/m, equivalent to 36.9 dBµV/m. As a result, the maximum permissible interference level is 21.9 dBµV/m. 
Howerver, as ICAO suggested, an additional 6 dB safety margin needs to be taken into account. 
Table 3.2.1 ADF/NDB parameters 
	Services
	Frequency
range
	ADF/NDB receiver bandwidth
	Permissible
interference limit
	Permissible
interference limit with safety margin

	
	kHz
	kHz
	dBµV/m
	dBµV/m

	Aeronautical Radionavigation
	160-535
	2.7
	21.9
	15.9



3.3. [bookmark: _Toc135751649][bookmark: _Toc110499542][bookmark: _Toc111017436]Maritime radionavigation
Differential Global Navigation Satellite System (DGNSS) is a martime navigation service which operates in the band of 285-325 kHz in Region 3. Many administrations have implemented transmissions from maritime radiobeacon stations of differential corrections for global navigation satellite systems (GNSS) that are operating as Recommendation ITU-R M.823-3 describes. Recommendation ITU-R M.823-3 provides the technical characteristics and protection ratio. Meanwhile, IMO Resolution A.1046 recommends the operational requirement which specifies that the signal availability should exceed 99.8% for navigation in the conditions of ocean waters. The key parameters applied to this study are listed in the blow table 3.3.1. 
Table 3.3.1 DGNSS parameters 
	Parameters
	Value
	Reference

	Min. wanted signal strength at the edge
	40/75/100 uV/m
	Countries in Region 3

	Coverage (km)
	400/300/80
	IALA information, Table of DGNSS stations, Edition 1.8 2021

	Protection ratio (dB) 
	15 (dB) Co-channel
	ITU-R M.823-3 Table 5

	Max.  permissible interference level at the edge
	17.04/22.5/25 dBuV/m
	

	Signal Availability (Navigation in ocean waters)
	99.8%
	IMO Resolution A.1046(27) Appendix 2.52



3.4. [bookmark: _Toc110499543][bookmark: _Toc111017437][bookmark: _Toc135751650]Fixed and Mobile service
In the frequency range of 1700-1800 kHz, there’re Fixed and/or Mobile service allocated in both Region 1 and 3 according to Radio Regulation 2020.
However, as an example in Region 1, according to the summary in section 3.6 of ECC Report 333, the actual applications for Fixed and Mobile services are operating at 2MHz above, which are for armed forces uses.  
3.5. [bookmark: _Toc110499545][bookmark: _Toc111017438][bookmark: _Toc135751651]Radiolocation service 
Fishery radio buoy operates in the band of 1700-1800 kHz in some countries, according to the summary in the survey report (APT-AWG-REP-120). Radio buoy is a Radiolocation application. It communicates with the vessel in sea area. Its radio signals from fishery radio buoy are received by the receiver installed on the vessel. The radio buoy employs A1A emission type in general as the products in the market declare. According to Recommendation ITU-R F.240-75, a 13dB signal to interference protection ratio is recommended.  
Table 3.5.1 Fishery radio buoy in Region 3
	
	Japan
	Korea (Republic of)

	Frequency range (kHz)
	1632 - 1800 
	1615 - 1725



3.6. [bookmark: _Toc135751652]Radionavigation service 

There are no radionavigation system parameters and deployment situations operating at the frequency range of 1700-1800 kHz stated by any administration in APT countries.

4. [bookmark: _Toc110499547][bookmark: _Toc111017439][bookmark: _Toc135751653]Propagation model
Recommendation ITU-R SM.2028-04 provides the propagation model and procedure to address the compatibility between inductive systems operating at frequencies below 30 MHz and the existing radiocommunication services. ITU-R handbook on ground wave propagation10 offers the propagation characteristics of MF signal’s penetration loss.  
5. [bookmark: _Toc110499548][bookmark: _Toc111017440][bookmark: _Toc135751654]Impact study of non-beam WPT Applications 
5.1. [bookmark: _Toc110499549][bookmark: _Toc111017441][bookmark: _Toc135751655]Impact study of WPT applications operating at 300-400 kHz to Aeronautical radionavigation 
5.1.1 [bookmark: _Toc110499550]Parameters for simulation
The section 3.1.2 provides WPT emission and deployment parameters. The value of -15 dBµA/m at 10m distance as the maximum emissions for the WPT devices was proposed. The electromagnetic modelling was used for simulating the near field propagation. All WPT devices for the study were assumed to be using the same frequency for the simulation. 
Figure 5.1.1.1 Electromagnetic modelling
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The section 3.2 recommends NDB/ADF parameters for the simulation. 
5.1.2 [bookmark: _Toc110499551]Scenarios and results
5.1.2.1 [bookmark: _Toc110499552]Single-entry scenario 
The single-entry scenario places a single WPT device inside a building with the aircraft placed directly above the building outdoors.
Figure 5.1.2.1.1 Single-entry scenario
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Figure 5.1.2.1.2 Relevant Field strength levels

[image: ]
Figure 5.1.2.1.3 Results of single-entry simulation (Horizontal)
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Figure 5.1.2.1.4 Results of single-entry simulation (Vertical)
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Conclusions of single-entry scenario
The simulation was performed respectively considering WPT coil arrangement placed horizontally and vertically.  Considering the extra 6dB safety margin, the results for single-entry scenario show that that there’s no impact when the ADF receiver of aircrafts is at the distance of more than 6.7m from the WPT transmitter inside a building, when the roof or floor penetration losses were not included in the calculation. 
The inclusion of these loses would further reduce the interference impact from WPT devices to the ADF receiver.
5.1.2.2 [bookmark: _Toc110499553]Aggregate scenario 
The aggregate scenario is for 1500 devices / km2 case, which is a worst-case scenario proposed in Table 3.1.1.1 in section 3.1.1. that assumes all the devices transmitting at the same time and on the exact same frequency. In reality, the fundamental frequency of WPT devices varies.
The aggregate scenario considers WPT devices to be evenly distributed within a square area. The different sizes of the area are used, from 1km x 1km to 8 km x 8km. Two aircraft altitudes were simulated, individually at 100 m and 300 m. As a reference, the minimum safe altitudes in the US are 500 feet (≈150 m) above open water or sparsely populated areas, and 1 000 feet (≈300 m) above urban areas, respectively. The aircraft ADF receiver antenna is located over the center of the square. The radiated fields are aggregated using vector aggregation.

Figure 5.1.2.2.1 Aggregate scenario 
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5.1.2.2.1 [bookmark: _Toc110499554]Scenario for aircraft altitude of 100m
Table 5.1.2.2.1.1 shows the results for an aircraft altitude of 100 m.
Table 5.1.2.2.1.1 Aggregate WPT radiated E-field distribution (100m aircraft height)
	Area (km x km)
	Emax (dBµV/m)
	Avg. (dBµV/m)
	Max. Permissible Interfere (dBµV/m)
	Margin/Gap (dB)
	[bookmark: OLE_LINK1]Margin/Gap w/ safety marign
(dB)

	1 x 1
	 -5.5
	 -14.4
	21.9
	 27.4
	21.4

	2 x 2
	  -3.9
	 -12.7
	21.9
	 25.8
	19.8

	4 x 4
	-3.2
	 -11.7
	21.9
	 25.1
	19.1

	8 x 8
	-3.5
	-11.7
	21.9
	 25.4
	19.4



Results of aircraft altitude of 100m
The simulation has shown that the maximum calculated field strength is less than the maximum permissible interference by more than 25 dB. Considering the extra 6dB safety margin, it is less than maximum permissible interference by more than 19dB. Building entry loss (roof/ceilings) were not included in the simulation, which would further reduce the interference impact from WPT devices to ADF.
5.1.2.2.2 [bookmark: _Toc110499555]Scenario for aircraft altitude of 300m
Table 5.1.2.2.2.1 shows the results for an aircraft altitude of 300 m.
Table 5.1.2.2.2.1 Aggregate WPT radiated E-field distribution (300m aircraft height)
	Area (km x km)
	Emax (dBµV/m)
	Avg. (dBµV/m)
	Max. Permissible Interfere (dBµV/m)
	Margin/Gap (dB)
	Margin/Gap w/ safety marign
(dB)

	1 x 1
	 -11.5
	 -20.3
	21.9
	33.4
	27.4

	2 x 2
	 -8.1
	 -16.6
	21.9
	 30.0
	24

	4 x 4
	 -6.2
	 -14.2
	21.9
	 28.1
	22.1

	8 x 8
	-4.2
	-12.6
	21.9
	26.1
	20.1

	16 x 16
	-3.9
	-11.5
	21.9
	25.8
	19.8


.
Results for aircraft altitude of 300 m
The simulation has shown that the maximum calculated field strength is less than the maximum permissible interference by 25 dB. Considering the extra 6dB safety margin, it is less than maximum permissible interference by more than 19dB. Building entry loss (roof/ceilings) was not included in the simulation, which would further reduce the interference impact from WPT devices to ADF.
5.1.2.2.3 [bookmark: _Toc110499556]Impact of the size of the area on the received interference
Increasing the calculation area shows that the inference level beyond 20 km2 for 100m altitude and 60 km2 for 300m altitude remain the same as shown in Figure 5.1.2.2.3.1.
Figure 5.1.2.2.3.1 Field strength vs interfere distribution area
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Conclusions of the aggregate scenario

The simulations have shown that the E-field of WPT chargers for mobile and portable devices do not impact the reception of ADF/NDB signals by a margin of about 19dB considering the extra 6dB safety margin . When the distribution area increases up to one certain value, the aggregated interfere remains the same. Building entry loss (roof/ceilings) were not included in the calculation/simulation, which would further reduce the interference impact from WPT devices to the ADF receiver. 

5.1.3 Summary of the results
The simulations have shown that the E-field of WPT devices for mobile and portable devices do not impact the reception of ADF/NDB signals. 
The results for single-entry scenario conclude that there’s no impact to the ADF receiver which is at a distance of more than 6.7m from a WPT transmitter inside a building. Note that normal aircrafts shall fly much higher than 6.7m as flight safety considerations, e.g. 150m above the open water or sparsely populated areas and 300m above urban areas mandated as minimum safety in the United States as a reference. The actual safe-operating altitude of the aircraft is mostly much higher than above values. 
The aggregate scenarios indicate that the aggregated results are less than maximum permissible interference level by more than 19 dB margin without considering any building entry loss (roof/ceilings) which will further reduce the interference impact from WPT devices to ADF receivers.
Therefore, it can conclude that the non-beam WPT devices do not introduce any harmful impact to ADF receiver.
5.2. [bookmark: _Toc110499558][bookmark: _Toc111017442][bookmark: _Toc135751656]Impact study of WPT applications operating at 300-400 kHz to Maritime radionavigation (For information only)
5.2.1 [bookmark: _Toc110499559]Parameters for simulation
The section 3.3 provides the parameters of Differential Global Navigation Satellite System for simulation.  
5.2.2 [bookmark: _Toc110499560]Scenarios and results
Considering the use scenarios of non-beam WPT applications, two scenarios are designated for this simulation study. One is WPT device on the shore, the other is WPT device on the vessel. 
5.2.2.1 [bookmark: _Toc110499561]Scenario of WPT device on the shore
The signal strength transmitted by radiobeacon stations gradually decays with the distance away from the shore. The signal strength levels regarding to the coverage are stated in IALA information8 about DGNSS stations by the countries. The victim receiver is equipped on the vessel. The vessel which is located at the edge of the coverage is considered as the worst case in this study. The scenario is depicted in Figure 5.2.2.1.1.
Figure 5.2.2.1.1 the scenario of WPT devices on the shore

[image: Chart, radar chart

Description automatically generated]
Figure 5.2.2.1.2 shows the electric field strength distribution from single WPT device. WPT’s signal strength received at the vessel corresponds to the coverage. 
Figure 5.2.2.1.2 WPT device’s E-field distribution
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With respect to both single-entry and aggregate scenarios, the system link budget simulation was carried out with conservative assumptions. The DGNSS stations for China, Korea (Republic of), India, Malaysia and Vietnam were taken into consideration in this study. In the single-entry scenario, it shows there is more than 140dB margin. For the aggregate scenario, the simulation concludes on the number of WPT devices that are aggregated simultaneously at the same frequency and the same phase and that can cause the harmful interference to DGNSS receiver. Furthermore, considering the WPT device density in dense urban and urban area, the area distribution areas are concluded respectively. And the distributed area of dense urban or urban from the simulation is far larger than the coastal city in reality. It means that the aggregated interference could not get to the harmful level in practice. 
Table 5.2.2.1.1 DGNSS system linkbudget simulation
	DGNSS parameters
	China 
	India
	Malaysia
	VietNam
	Korea
(Republic of)

	Nominal signal strength (uV/m)
	75
	100
	100
	100
	100

	Coverage (km)
	300
	185
	220
	500
	80

	Protection ratio (dB)
	15
	15
	15
	15
	15

	Maximum acceptable interfere level (dBuV/m)
	22.50
	25.00
	25.00
	25.00
	25.00

	WPT signal strength at the coverage (dBuV/m)
	-134.55
	-128.31
	-129.82
	-143.43
	-121.02

	Single-entry WPT margin (dB)
	157.05
	153.31
	154.82
	168.43
	146.02

	Number of aggregated WPT devices (units)
	71213325
	46291366
	55080770
	263936832
	19998619

	Equivalent dense urban area (km2)
	47475.55
	30860.91
	36720.51
	175957.89
	13332.41

	Equivalent urban area (km2)
	189902.20
	123443.64
	110019.26
	703831.55
	53329.64

	Area (km2)/Coastal city
	6340
(Shanghai)
	1189
(Chennai)
	573
(Klang)
	1285
(Da Nang) 
	770
(Busan)



Results of WPT devices on the shore
The study shows that both single entry and aggregate do not introduce any harmful interference to maritime DGNSS system operating in Region 3. 
In the single-entry scenario, there is a minimum 146.02dB margin for Korea DGNSS and bigger margins for the systems in other countries
In the aggregate scenario, all WPT devices are assumed to operate at the same frequency and the same vector phase (worst case). In reality, the charging frequency varies, and the devices should be with random vector phases. The results would result in less interference. Also, antenna discrimination was not applied. The distributed area of dense urban or urban from the simulation is concluded to be far larger than the coastal city in reality, meaning that the aggregated interference could not get to harmful level in practice.
5.2.2.2 [bookmark: _Toc110499562]Scenario of WPT device on the vessel
This scenario mainly addresses WPT devices on board vessels, e.g., cruise vessel. The WPT devices are charged inside the cabins and evenly distributed within the rectangular area. The vector summation is applied to evaluate the aggregated interference using the Monte Carlo methodology. 
The number of active devices is calculated as described in Table 5.2.2.2.1.

Table 5.2.2.2.1
Activity Factor of WPT Devices
	Scenario
	Frequency penetration (%) 1
	Wireless charging method ratio (%) 2
	Charging period (%) 3
	Activity factor (%) during charging peak charing time 4

	Wireless High usage
	30
	60
	25
	4.5

	Wireless Low usage
	30
	15
	25
	1.13


1 100-148.5kHz dominates the frequency usage now. It is expected that 300 - 400kHz will take a share of the market with 100-148.5 kHz in the future. 30% penetration rate is expected.
2 Wireless charging penetration is expected to be up to 34% in 2025. 
3 The charging period is almost equal to 8 hrs. One-time charging is done within 2 hours.
4 Main Charging time is between 11pm and 7 am (across 8 hours)

A large cruise ship is used as the basis for the analysis. The AIDA Nova was selected as shown in Figure 5.2.2.2.1.
Figure 5.2.2.2.1
AIDA Nova (https://en.wikipedia.org/wiki/AIDAnova)[image: A cruise ship on the water

Description automatically generated with medium confidence]
A model is developed based on the Layout of the ship, see Figure 5.2.2.2.2 and Figure 5.2.2.2.3.
Figure 5.2.2.2.2
Ship Geometric Model (part 1)
[image: ]


Figure 5.2.2.2.3
Ship Geometric Model (part 2)[image: ]Two different Scenarios were studied which covers either one or two WPT devices per cabin.
Table 5.2.2.2.2 Results summary of WPT devices on the vessel
	Cabins
	Area (m*m)
	WPT per Cabin
	WPT Density (/km2)
	Aggregated E-field (99.8% Probability)
	Permissible max. interference level (dBuV/m) 

	
	
	
	
	1.1% AF
	4.5% AF
	

	4x60x11
	42*337
	1
	186520
	-22.33
	-13.97
	17.04

	4x60x11
	42*337
	2
	373039
	-19.19
	-9.78
	17.04



Results of WPT devices on the vessel
The simulation concludes that WPT devices on the vessel do not introduce the harmful interference to maritime DGNSS receiver installed on the vessel. Considering the actual permissible maximum interference there is still a more than 26 dB margin in Region 3 and all cases. 
Further mitigating factors are not considered which would reduce the impact such as the impact of the metallic base structure of the ship which may reduce the filed by up to 40 dB and the antenna pattern of the DGNSS receiver. The highest WPT levels will be below the DGNSS antenna while the useful signal will arrive horizontally.

DGNSS for port approach
One remaining one use case for DGNSS that was not explicitly studied is the improved accuracy when a vessel is entering or leaving a harbour. For the largest port in the countries studied above, the locations of the nearest DGNSS stations was checked. In every case there is a DGNSS stations in direct proximity to those ports and with a field strength level well above the minimum

5.2.3 Summary of the results
The simulation has shown that the E-field of WPT devices for mobile and portable devices do not impact the reception of DGNSS. 
For the scenario where the WPT devices are located on shore, the number of the aggregated WPT devices is calculated so that the aggregated interference is compared to the permissible interference level. The resulting number of WPT devices, for different coastal cities, is far larger than what is expected to be deployed in reality.  
For the scenario where the WPT devices are on board a vessel, the study has taken into account the DGNSS stations in Region 3. The aggregated interference is at least 26dB margin, which is lower than the permissible interference level at the victim receiver.  Furthermore, the study does not take the penetration loss of the ship cabin and the floor into consideration and the antenna discrimination of DGNSS is not applied as well which would reduce even further the aggregated interference level. 
For the scenario of DGNSS used for port approach, the location of the DGNSS transmitter is chosen to provide significant margin to avoid any interference risk from WPT.
5.3. [bookmark: _Toc110499564][bookmark: _Toc111017443][bookmark: _Toc135751657]Impact study of WPT devices operating at 1700-1800 kHz to Radiolocation service
5.5.1 [bookmark: _Toc110499565]Parameters for simulation
As for radiolocation service, fishery radio buoy operates in the part of 1700-1800 kHz as mentioned by some administrations in Region 3 according to the survey report (APT-AWG-REP-120). 
Section 3.6 provides the technical and operational characteristics about fishery radio buoy, which are applied to the below study.  
5.5.2 [bookmark: _Toc110499566]Scenarios and results
The study analyses the impact from the aggregated interference from WPT devices in dense urban to the reception of the signal fishery radio buoy transmitted in the sea. WPT devices are evenly distributed within a square area of 100 km2 in the coastal city. The frequency 1700 kHz is considered as the nominal frequency for the simulation. 
















Figure 5.3.2.1 the scenario of WPT devices on the shore

[image: A picture containing chart

Description automatically generated]

Radio buoy products, specified in the market, typically provide a coverage of 100 nautical miles(i.e.185.2km) with the nominal output power of 9 watt. Consequently, the signal strength of radio buoys is concluded as 41.48 dBuV/m at the edge of the coverage. These radio buoys have a protection ratio of 13dB, which is equivalent to a maximum permissible interference level is equal to 28.48 dBuV/m. 
Figure 5.3.2.2 Radio buoy signal’s E-field distribution
[image: Chart, line chart

Description automatically generated]
The simulation results shows that the maximum aggregated interference level is 18.56dB less than the maximum permissible interference as indicated in the below table. 





Figure 5.3.2.3 Results of the aggregated scenario
	Area 
(km2)
	Emax (dBµV/m)
	Max. permissible interference level (dB)
	Margin (dB)

	100
	9.92
	28.48
	 18.56


[image: Chart, histogram

Description automatically generated]Table 5.3.2.1 Results summary of WPT devices on board vessel






5.5.3 Summary of the results
The simulation has shown that WPT devices do not introduce the harmful interference to fishery radio buoy application. 
The maximum aggregated interference level from a 100km2 square area is 18.56 dB less than the maximum permissible interference of fishery radio buoy systems. 
In the simulation, the building entry loss of roofs or ceilings was not included in the simulation, which would further reduce the interference level from WPT devices to the reception of fishery radio buoy systems.
5.4. [bookmark: _Toc110499568][bookmark: _Toc111017444][bookmark: _Toc135751658]Impact study of non-beam WPT applications operating at 1700-1800 kHz to Fixed and Mobile 
In Region 3, Fixed and Mobile services are allocated in 1700 -1800 kHz as previous section 2 introduces. Region 1 allocates Fixed and Mobile services in this frequency band as well. 
ECC Report 3337 has analyzed the impact on the man-made noise from the aggregated WPT devices. The CEPT study shows that WPT devices introduce a very slight increase on the environment’s man-made noise equivalent to a 1.2 dB noise increase above the median level predicted in Recommendation ITU-R P.372 in dense urban due to the effect of build-up structures like buildings. When using actual measurements of radio noise in the Netherlands, the increase of the median noise is less than 0.4 dB. Noise-increase study is a promising methodology to study the impact of WPT regardless of radio services. 
[bookmark: _Toc110499569]As introduced in Recommendation ITU-R F.2119-0, Fixed services at MF/HF band would operate in conditions with sufficiently high link margins due to some ionospheric effects. Therefore, the small variations in the effective noise floor would not significantly affect their grade of service. In general, MF/HF systems are not designed to operate as noise limited circuits.

ITU WP5C also expressed the view that this study methodology to evaluate the impact from WPT in the 1 700-1 800 kHz frequency range on radiocommunication services, in general, may be sufficient to understand the potential impact on fixed and land mobile service receivers in this frequency range.

Therefore, the study result from CEPT based on this methodology is also effective to Region 3. 
The impact study on Fixed and Mobile services at this frequency range can be further performed provided the administrations make available the actual technical operation parameters, deployment scenario and protection criteria. 

5.5. [bookmark: _Toc135751659]Harmonics impact considerations to AM broadcasting service 
In theory, the harmonics of WPT operating at 300 – 400kHz might fall inside MF AM broadcasting band (526.5 – 1606.5kHz) in Region 3. Considering the existing international standards, EU adopts ETSI EN300 330 standard to regulate mobile and portable WPT device, It has the strictest emission requirements on radiated power level at the frequency range of 300-400kHz.  It is not greater than -15dBuA/m for fundamental signal which is extremely low. 
A study has been carried out to explore whether the harmonics of a wireless charging device operating at the frequency range of 300-400kHz will introduce harmful interference to AM broadcasting receivers operating at the frequency range of 526.5-1606.5kHz in practice. The following study result shows that it can effectively prevent audible interference to AM broadcasting receivers from the odd harmonics (3rd) of a wireless charging device, if in the worst case, an achievable separation distance of 1.5m is kept. 

5.5.1 AM Broadcasting Channel
This study is carried out on non-beam inductive WPT devices which operate at the frequency of 360 kHz. 
In theory, its 2nd , 3rd and 4th harmonics will fall into 526.5-1606.5 kHz. However, the even harmonic could be well suppressed in terms of the principle of rectifiers, which forms part of the charging circuit design. The lab measurement per CISPR 14-1 also confirms that even harmonics are almost below the measurement instrument’s noise floor, as figure 5.5.1.1 shows. 
Therefore, the study focuses on the 3rd harmonic from WPT devices. It was conducted respectively on AM broadcasting receivers for channels 1080 kHz and 1098 kHz in China.  While channel 1080 kHz exactly overlaps with  the 3rd harmonic, channel 1098 kHz is the nearest adjacent channel found in real life during the study to 3rd harmonic of the WPT devices operating at 360 kHz.  

This study collects data through 3 m test chamber, office building and hotel in urban area. Three different brands of wireless chargers from the open market were tested for interference into three commercial AM broadcasting receivers by different manufacturers.

Figure 5.5.1.1 Example of 2nd and 3rd Harmonics of one WPT charger
[image: ]

5.5.2 Subjective Audible Testing
The subjective audible testing was conducted inside a building, where the signal strength of AM broadcasting is very close to the minimum signal level as Recommendation ITU-R BS.703 recommends. Then, an acceptable signal quality can be obtained by adjusting the placement and orientation of AM broadcasting receivers. The operator monitored the audible interference by gradually moving the wireless chargers towards the AM receivers. Taking into account the differences in hearing between different people, 5 people participated in the subjective test evaluation. The subjective audible testing is designed with the reference of ITU-R BS.1283-2, but to focus more on the experience of actual users rather than experts.  
The audible testing assessment can be defined by three levels: 
· Level 1 is unbearable, 
· Level 2 is interference audible, but bearable, 
· Level 3 is interference non-audible.  

Figure 5.5.2.1 Subjective audible testing principle
[image: ]
Figure 5.5.2.2 Subjective audible testing setup
[image: ]

5.5.3 Results summary
Table 5.5.3.1 summarizes the results for AM receiver 1, AM receiver 2 and AM receiver 3 operating at Channel AM1080 kHz, which exactly overlaps with the 3rd harmonic of WPT chargers. 
From the table, it is noted that:
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]For AM receiver 1, interference is not audible if the wireless chargers are placed at a distance greater than 1.5 m, 
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]For AM receiver 2, interference is not audible if the wireless chargers are placed at a distance greater than 1.4 m,
· For AM receiver 3, interference is not audible if the wireless chargers are placed at a distance greater than 1.2 m.

Figure 5.5.3.1 AM broadcasting signal strength
[image: A screen with a blue and white screen

Description automatically generated]

Table 5.5.3.1 Results summary for WPT harmonics to Channel AM1080 kHz
	

AM broadcasting receivers
	WPT chargers
	3rd harmonic strength(dBuV/m)@3m
	AM radio signal strength @radio receivers
(Channel 1080kHz)
	Boundary between Level 1 and Level 2
(m)
	Boundary between Level 2 and Level 3
(m)

	AM Receiver 1
	WPT1
	34.07
	60.4
	0.9
	1.3

	
	WPT2
	33.17
	60.4
	0.9
	1.3

	
	WPT3
	36.33
	60.4
	1.0
	1.5

	AM Receiver 2
	WPT1
	34.07
	60.4
	1.0
	1.4

	
	WPT2
	33.17
	60.4
	1.0
	1.4

	
	WPT3
	36.33
	60.4
	1.0
	1.3

	AM Receiver 3
	WPT1
	34.07
	60.4
	0.9
	1.2

	
	WPT2
	33.17
	60.4
	0.8
	1.1

	
	WPT3
	36.33
	60.4
	0.8
	1.1



Table 5.5.3.2 summarizes the results for AM receiver 1, AM receiver 2 and AM receiver 3 operating at Channel AM1098kHz, which is adjacent to the 3rd harmonic of WPT chargers. For AM receiver 1 and AM receiver 3, there are no audible interferences when wireless chargers are placed at a distance greater than 0.9m. As for AM receiver 2, placing the wireless chargers at a distance greater than 0.8m eliminates audible interferences. 
From the table, it is noted that:
· For AM receiver 1, interference is not audible if the wireless chargers are placed at a distance greater than 0.9 m,
· For AM receiver 2, interference is not audible if the wireless chargers are placed at a distance greater than 0.8 m,
· For AM receiver 3, interference is not audible if the wireless chargers are placed at a distance greater than 0.9 m.

Table 5.5.3.2 Results summary for WPT harmonics to Channel AM1098 kHz
	

AM broadcasting receivers
	WPT chargers
	3rd harmonic strength(dBuV/m)@3m
	AM radio signal strength @radio receivers
(Channel 1098kHz)
	Boundary between Level 1 and Level 2
(m)
	Boundary between Level 2 and Level 3
(m)

	AM Receiver 1
	WPT1
	34.07
	55.6
	0.6
	0.9

	
	WPT2
	33.17
	55.6
	0.6
	0.9

	
	WPT3
	36.33
	55.6
	0.7
	0.9

	AM Receiver 2
	WPT1
	34.07
	55.6
	0.5
	0.8

	
	WPT2
	33.17
	55.6
	0.5
	0.7

	
	WPT3
	36.33
	55.6
	0.5
	0.8

	AM Receiver 3
	WPT1
	34.07
	55.6
	0.5
	0.9

	
	WPT2
	33.17
	55.6
	0.7
	0.9

	
	WPT3
	36.33
	55.6
	0.4
	0.7



In summary, the results show that the audible interference from WPT harmonics are manageable and avoidable in the typical room settings.
When the harmonic interference completely overlaps with the AM broadcasting channel, a separation distance of 1.5m can effectively avoid the audible interference.
When it is adjacent to the AM broadcasting channel, a separation distance of 0.9m can prevent AM broadcasting receivers from audible interference. 
Given that this is a mobile device typically used in offices and homes, these distances are achievable and therefore the impact to the broadcasting service is considered by the study as avoidable.

Furthermore, comparing to the frequency band of 100-148.5 kHz, the current regulation e.g. ETSI EN300 330 requires meeting -15 dBuA/m@360kHz, compared to 66 dBuA/m@119kHz, does have much stricter limit on the fundamental radiated emission at 300-400 kHz. This makes the harmonics caused by this band to be friendlier to AM broadcasting services than other bands. 

6. [bookmark: _Toc111017445][bookmark: _Toc135751660]Conclusion summary

This report carries out the studies for impact from non-beam WPT mobile and portable devices operating in 300 – 400 kHz and 1700 – 1800 kHz to below incumbent radio.  

· Aeronautical radionavigation 
· Maritime radionavigation 
· Radiolocation 

The study has also analyzed the harmonics of WPT devices operating in 300 - 400kHz to AM broadcasting service.
The studies conclude that non-beam WPT devices do not introduce the harmful interference to these above incumbent radiocommunications services. 
In addition, all the studies do not take the penetration loss of the building entry(roof/ceilings), the ship cabin and the floor into consideration and the antenna discrimination of the victim receivers is not applied either, which would reduce even further the aggregated interference level.
1) Aeronautical radionavigation related to 300 – 400 kHz
The studies show that the ADF receiver needs to be more than 6.7m away from the WPT transmitter in the single-entry scenario and there’s more than 19dB margin in the aggregate scenario. In fact, the actual safe-operating altitude of the aircraft is much higher than 6.7m, therefore, it can conclude that there’s no harmful impact to ADF receiver at all.
2) Maritime radionavigation related to 300 – 400 kHz
For on shore scenario, the distributed area of dense urban or urban from the simulation is concluded to be far larger than the coastal city in reality, meaning that the aggregated interference could not get to harmful level in practice.
For onboard a vessel scenario, the study shows that the aggregated interference is at least 26dB margin. 

3) Radiolocation related to 1700-1800 kHz
The maximum aggregated interference level from a 100km2 square area is 18.56 dB less than the maximum permissible interference of fishery radio buoy systems. 
4) Harmonics impact to AM broadcasting service related to 300-400 kHz
The study shows that an achievable separation distance can effectively prevent audible interference to AM broadcasting receivers from the harmonics of the wireless charging device operating in 300-400 kHz frequency range, provided that separation distances are of 0.9m for adjacent AM broadcasting channel, and 1.5m for fully overlapping channel, are kept.  
Given that these are mobile devices typically used in offices and homes, these distances are achievable and therefore the impact to the broadcasting service is considered by the study as avoidable.
The report may be further updated to address any concerns provided with parameters for any other radiocommunication services.

7. [bookmark: _Toc111017446][bookmark: _Toc135751661]Reference
[1] APT-AWG-REP-120 APT Survey Report of_300-400 kHz, 1610-1950 kHz and 1950-2150 kHz for non-beam WPT for mobile and portable devices
[2] Report ITU-R SM.2303-3 Wireless power transmission using technologies other than radio frequency beam 
[3] Recommendation ITU-R M.823-3 Technical characteristics of differential transmissions for global navigation satellite systems from maritime radio beacons in the frequency band 283.5-315 kHz in Region 1 and 285-325 kHz in Regions 2 and 3
[4] Recommendation ITU-R SM.2028-0 Protection distance calculation between inductive systems and radiocommunication services using frequencies below 30MHz
[5] Recommendation ITU-R F.240-7 Signal-to-interference protection ratios for various classes of emission in the fixed service below about 30MHz
[6] Recommendation ITU-R F.2119-0 Guidance on technical parameters and methodologies for sharing and compatibility studies related to fixed and land mobile service in the frequency range 1.5-30MHz
[7] ECC Report 333 Non-beam Wireless Power Transmission(WPT) applications other than WPT-EV operating in various frequency bands below 30MHz
[8] IALA information, Table of DGNSS stations, Edition 1.8, October 2021
[9] IMO Resolution A.1046(27), Worldwide radionavigation system 
[10]Handbook on Ground Wave Propagation, Edition of 2014, Radiocmmunication Bureau, ITU
[11]Handbook on Radio Frequency Spectrum Requirements for Civil Aviation, Volume I, ICAO spectrum strategy, policy statements and related information, Second Edition-2018
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