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

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

This document proposes updates in-line with the previous U.S. contribution and proposes the following, in addition to other editorials and clarifications:
· Noting that a primary point of discussion in the document is the main body text describing the results of various studies; this document proposes revised main body text to provide a well-balanced summary of the various studies – including background, results, AND limitations of the studies.
· Noting that some have expressed question or concern about the background environmental noise levels in the Annex 12 study and whether they represent typical conditions; this document proposes to add information to the Annex 12 study about additional data collected regarding the background environmental noise levels at the test site.  Some of this data has already been available and some is newly available during the US WP1A discussion on this contribution.

For the benefit of the U.S. Delegation, additional information is provided in the attached document. This was also agreed upon by the attending interested U.S. November 2020 delegates to WP1A.  This information can be used by the U.S. Delegation to assist in discussions and to make any additional clarifications deemed necessary by the next meeting.
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Background
In preparation for consideration of the topic at the World Radiocommunication Conference (WRC-19), Study Group 1 completed, and the ITU published, Report ITU-R SM.2451, Assessment of impact of wireless transmission for electric vehicle charging on radiocommunication services, in June 2019.  The United States proposed updates to Report ITU-R SM.2451 for the May/June 2020 meeting, which meeting was subsequently postponed.  In November 2020 WP1A created a Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451 based on various contributions, including the United States’ contribution, which also included a new Annex 12. Due to the time-constraints of the virtual meeting, it was not possible to complete this effort.  This contribution is a continuation of the previous efforts and provides additional information.

Discussion
The United States has undertaken a continued review of the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451.  Upon further scrutiny of the main body text under discussion in the document, the United States recommends that the referenced conclusions from the various studies contained in Annexes, contain three summarized components consisting of the following: 1) a short background of the study, 2) a brief recognition of the limitations of the study, and 3) a short summary of the results of the study.  It is important that the main body text be an unbiased summary of the studies performed without unnecessary redundancy.
As an example, the study in Annex 10 is referenced in section 4.5 for impact considerations on amateur radio.  In this case the main body text suggests that protection levels (from WPT-EV) be derived based on ITU-R Recommendations F.240 and ITU-R M.1044 and generally concludes that levels between -45 dBµA/m and -61.5 dBµA/m are appropriate.  Unfortunately, these suggested levels are only based on a combination of theoretical calculations and use of data from measurements with uncalibrated equipment using a similar metrology for measuring white-gaussian noise (WGN) as described in ITU-R P.372 for man-made noise (MMN).  These WGN and MMN measurement methods, as prescribed in ITU-R SM.1753 are insufficient for EMC testing.  Furthermore, the levels suggested are far below levels which can be measured in an EMC chamber or any accredited OATS due to the fact they are lower than the system noise of the measurement equipment when using standardized EMC metrology.  Finally, the referenced protection criterion in F.240 and related referenced documents does not include consideration for ITU-R signal types of “N0N”, for which the harmonics from a WPT-EV system would be considered.  Accordingly, appropriate information as to the context of these suggested levels must be given along with the metrology used for such a measurement.
Another example of imbalanced conclusions without appropriate context is given section 4.4 and is repeated in section 5.2.1, where large portions of the text are copied from Annex 8 and its attachments.  In this study, ITU-R Recommendations BS.560 and BS.703 are referenced in addition to a BBC Whitepaper WHP 332[footnoteRef:1].  In this case, EBU has previously proposed and continues to propose setting limits on WPT-EV in the LF and MF bands based primarily upon theoretical analytical calculations using protection ratios that also do not apply to ITU-R “N0N” type single-carrier noise or interferers.  The worst-case of these protection ratios (56 dB, derived from 40 dB + 16 dB for worst-case baseline and offset values) is used in combination with the BBC whitepaper.  However, the following issues must be considered when applying such methods to find reasonable limits: [1:  http://downloads.bbc.co.uk/rd/pubs/whp/whp-pdf-files/WHP332.pdf] 

1. ITU-R Recommendation BS.560 is based on the interference between two AM broadcast stations for conditions of excellent reception quality of radio broadcasts.  AM Radio Broadcasts are modulated and therefore have side-lobes and can be indicated as an ITU-R signal type of “A3E” or “A8E” which are very different from single-carrier harmonics or emissions caused by WPT or other general switch-mode electronics which are of an ITU-R signal type “N0N” (https://en.wikipedia.org/wiki/Types_of_radio_emissions).  Accordingly, the protection ratios in BS.560 do not directly apply.  However, in a white-paper, WHP 332, BBC has attempted to make such a correlation.
2. The “40 dB” value used from ITU-R BS.560 is used without correct context and in an incorrect way.  There is significant discrepancy on this value even within ITU-R BS.560.  For example, BS.560 states immediately after indicating a recommended 40 dB protection ratio that “The protection ratio values specified above will permit a service of excellent reception quality.  For planning purposes, however, lower values may be required.  In this respect, proposals have been made by some countries and organizations (See Annex 3).”  Then an immediate Note 2 follows, “NOTE 2- A co-channel protection ratio of 26 dB was used by the Regional Administrative MF Broadcasting Conference (Region 2) for both ground-wave and sky-wave services.”  Note 3 follows and says, “NOTE 3 – Co-channel protection ratios of 30 and 27 dB were used by the Regional Administrative LF/MF Broadcasting Conference (Regions 1 and 3) (Geneva, 1975), for ground-wave and sky-wave services, respectively.”  This is further clarified in Annex 3, Section 6.1 under “RF protection ratios for sky-wave services” “Bands 5 (LF) and 6 (MF)” where it states, “As a result of the studies carried out by the EBU, in bands 5 (LF) and 6 (MF), a co-channel RF protection-ratio value of 27 dB has been proposed and in fact adopted, by the Region Administrative LF/MF Broadcasting Conference (Regions 1 and 3) (Geneva, 1975)”.
· In short, the appropriate values may vary from 26 dB to 40 dB and these represent “excellent reception quality” for AM radio although “lower values may be required” for planning purposes.  It appears that a more acceptable value is “27 dB” as having been adopted by the “Regional Administrative LF/MF Broadcasting Conference”.
3. The additional “16 dB” that is applied is based on one specific offset condition between two broadcast stations.  In reality, the protection ratio varies based on the offset according to Figure 1 in BS.560 and results mostly in protection ratios that are lower than the baseline except for some very specific co-channel offset conditions.  Furthermore, there are four RF protection ratio offset curves yet only the worst-case curve “A” is referenced to obtain the 16 dB value.
4. According to ITU-R Recommendation BS.703 and Note 1 in BS.560, 60 dBµV/m (LF) and 66 dBµV/m (MF) are used in the EU as minimum levels for planning of receiver sensitivity.  BS.703, however, states, “These values are based upon an AF signal-to-unweighted noise (r.m.s.) ratio of 26 dB and are related to a modulation of 30%.”  These minimum carrier signal levels translate to 8.5 dBµA/m (LF band) and 14.5 dBµA/m (MF band) (in the far-field only). It is important to recognize that under the weakest signal conditions for a broadcast signal, the audio-frequency signal-to-noise ratio (AF SNR) is much less than it would be for typical broadcast signal conditions.  To further support the importance of this fact and corresponding quality of the broadcast, Section 6 in BS.703 indicates that, “the AF signal-to-noise ratio will improve linearly to at least 40 dB, with increasing input signal level.”  As a result, the broadcast quality for the worst-case sensitivity conditions described in BS.703 would be poorer than the conditions considered in BS.560, wherein the background ambient noise was not a primary factor used for determining the protection ratios.
5. WPT-EV systems (and generally WPT systems utilizing magnetic field energy transfer), as a potential interferer, utilize a predominant localized evanescent (near-field reactive) magnetic field.  Impact assessments show that primary concerns for broadcast receivers that could be near these types of systems occur within a 10 m distance.  For the LF and MF bands, the shortest wavelength of interest is ~100 m.  In this case any magnetic H-Fields from the WPT-EV system would exist within the near-field of broadcast receivers.  In the near-field, the assumption of far-field characteristic free-space impedance (i.e., ~377 Ω) is no longer valid, but rather the free-space conversion impedance will decrease.  To further this issue, localized evanescent fields do not behave in the same way as near-field fields created by far-field antennas.  The figure below gives an example of characteristic free-space impedance as a function of the ratio between distance and wavelength for a specific source structure.
[image: ]
“The wave impedance measures the relative strength of electric and magnetic fields.  It is a function of source structure.”[footnoteRef:2] [2:  https://www.rfcafe.com/references/electrical/near-far-field.htm ] 


Given these issues, it can be summarized that the use of ITU-R Recommendations BS.560 and BS.703 for analysis of appropriate limits for WPT is not strictly appropriate and furthermore is used out of context.  Specifically, it is incorrect to combine these two recommendations and only consider a 40 dB baseline protection ratio combined with the minimum recommended sensitivity of to 8.5 dBuA/m (LF) and 14.5 dBuA/m (MF) (converted from the electric field sensitivity values using far-field assumptions).  This is especially true considering that, in the weakest field conditions, an audio-frequency signal-to-noise ratio (AF SNR) of only 26 dB (as opposed to 40 dB in typical conditions) is expected, and hence the presence of background noise is likely to impact radio quality assessment of protection needed.  The fundamental difference in AF SNR and associated signal conditions might have been one reason why BS.560 indicates a wide variation in baseline protection ratios from 26 dB to 40 dB.
Furthering this rationale, sections 4.4 and 5.2.1 (based on Annex 8) of ITU-R SM.2451 utilize unstated assumptions and suggest extremely restrictive magnetic field limits for WPT-EV systems. These calculations are based solely on the very worst-case conditions of interference and unique parameters of a victim receiver and the broadcast station; as a result, the magnetic field limits suggested are far below what can be reasonably measured using well-known and well-accepted standardized EMC methods, which are used globally for assessment of EMC regulation.  To correctly consider ITU-R BS.560 and BS.703 with the appropriate considerations and parameters mentioned in the document, the following equations are more inclusive in considering the wide range of limits that could apply for an excellent AM radio reception quality condition in the LF and MF bands.
EQ1: 
where: 
 is the range of limits imposed on a potential magnetic field interferer (in dBµA/m),
 is the minimum sensitivity field level planned for a broadcast receiver (in dBµV/m),
 is the range of protection ratios that might apply depending on various parameters (in dB), and
 is the conversion factor in decibels for the E-Field strength (dBµV/m) to H-Field limit (dBµA/m).  This factor is dependent on the distance between the interferer and the receiver, the wavelength of the desired received signal, and the mode of reception by the receiving antenna (i.e., E-Field versus H-Field reception capability and antenna polarization).  In the very worst-case (i.e., far-field assumption of interferer signal or no H-Field suppression AND worst-case polarization of interferer alignment with receiving antenna) the highest expected value would be 51.5 dB, which corresponds with a perfect reception of the interfering signal utilizing the far-field free-space assumption of 377 Ω (i.e., 51.5 dB = 20 log10 377 Ω).  However, it is conceivable that this value could be as low as -∞ dB in the case where the polarization of the interferer does not match the polarization of the receiver.
Considering  (i.e., range of protection ratios), it is important to understand the potential protection ratio parameters of the AM Broadcast System (transmission and reception).  Namely, , based on the information given in ITU-R Recommendations BS.560 and BS.703 can be written in the following way:
EQ2: 
where: 
 is the baseline protection ratio in BS.560 in the LF and MF bands which range from 26 dB to 40 dB with 27 dB having been “proposed and in fact adopted, by the Regional Administrative LF/MF Broadcasting Conference”.  In other words, the baseline protection ratio applied depends on various circumstances and/or parameters.
 is the relative protection ratio offset from the baseline protection ratio.  The actual offset is both a function of the broadcast transmission and type (e.g., audio compression in transmission typical of that applied in a studio, bandwidth of the modulating signal, modulation index, etc.), the receiver (e.g., selectivity, bandwidth, noise rejection etc.), and offset frequency from the carrier.  In other words, the relative protection ratio offset is a function of the carrier-frequency separation and a complex set of transmission and reception parameters.  This value ranges from -55 dB to +16 dB depending on the specific frequency offset and other parameters (with +16 dB being the peak for only one single condition).
 is the sensitivity factor when considering the original signal strength and quality at the receiver.  In particular, BS.703 provides minimum suggested usable E-field strength for an average receiver.  BS.703 indicates that an audio-frequency signal-to-noise ratio for such values corresponds to 26 dB; however, the text also states that “the AF signal-to-noise ratio will improve linearly to at least 40 dB, with increasing input signal level.”  It is unclear exactly how these SNR differences would impact a qualitative assessment; however, it is reasonable to consider that the qualitative expectations of a listener with a weak signal reception are not the same as the qualitative expectations for a strong signal reception.  Accordingly, the protection ratio may need to be adjusted to consider equivalent qualitative interference conditions.
 is a noise type relaxation factor which must be considered given that an interferer, for the conditions being discussed, is not likely to be equivalent to a broadcast station.  This is especially true when the interferer is a plain-carrier interferer (i.e., SCN).  BBC WHP 332[footnoteRef:3] provides a single study based on fixed and controlled parameters in a laboratory condition.  The abstract and conclusion suggest a relaxation value of 22 dB for small offsets, but a review of the data indicates values between 22 dB and 30 dB (corresponding to overall protection ratios between 18 dB and 10 dB respectively) could be appropriate.  The whitepaper also claims that there should be no relaxation for larger offsets, but very little data is available to confirm such a conclusion or to verify the suggested primary mode of audible interference in these cases. [3:  http://downloads.bbc.co.uk/rd/pubs/whp/whp-pdf-files/WHP332.pdf ] 

Putting all of this information together, the range of possible H-Field limits can be deduced – although these values depend heavily on a wide range of conditions as well as the method being used to apply the associated limit (e.g., standard EMC metrology such as that in SM.329 and CISPR standards only considers worst-case setup whereas other metrologies such as those in ITU-R SM.1753 use statistical considerations).
The following values are used to obtain a range corresponding to available information:
 = 60 dBµV/m (for MF Band) to 66 dBµV/m (for LF Band)
 = -59 dB to +56 dB (based on the range of condition indicated from the corresponding calculation)
 = 51.5 dB (for far-field free-space impedance and corresponding polarization) to 29 dB (for one possible near-field condition)
 = 26 dB to 40 dB (from BS.560-4)
 = -55 dB to +16 dB (from BS.560-4)
 = 0 dB (corresponding to SNR differences but set to 0 since correlation is unclear and not included in assessment of BS.560)
 = 0 dB to 30 dB (depending on interferer type and frequency offset as well as baseline PR)
This range results in a worst-case H-Field limit of -47.5 dBµA/m (60-56-51.5=-47.5 from eq1.), corresponding to the value suggested by EBU in SM.2451 for the MF band.  Applying more reasonable conditions would result in a value of -1.5 dBµA/m (60-10-51.5=-1.5 from eq1.) for the MF band and +4.5 dBµA/m (66-10-51.5=+4.5 from eq1.) for the LF band, which corresponds to a plain-carrier interferer within some reasonably small offset. Finally, a maximum considered limit of +96 dBµA/m (66+59-29 from eq1.) for the LF band would be unreasonably higher than typical EMC limits but is indicated solely to show that parameters and conditions must be considered.
In all of the examples and studies referenced above, the United States recognizes the importance of including relevant studies; however, appropriate context of the study along with the conclusion must be brought forth in the main body text in a succinct and clear way.
In addition to these clarification for the main body of the text, there has been some discussion about the background or ambient noise conditions for the study in Annex 12, “Impact Studies on HF Amateur Radio in United States for WPT-EV”.  Much of this discussion stems from a misunderstanding of the types of noise experienced by radio, as referenced in ITU-R Recommendation SM.1753, and the differences with how each type of noise is measured.  In particular, the impact study in Annex 12 references typical EMC measurement metrology and methods as specified by CISPR and ITU-R Recommendation SM.329.  These standardized EMC methods are used to ascertain levels for potential interference noise, usually time-varying single carrier noise (SCN) being dominate from general electronic systems, such as WPT-EV.  Due to the time-varying nature of the SCN combined with the fact that such SCN from an electronic system may have a non-uniform radiation pattern, peak measurements are made to find the worst-case conditions (e.g., worst case rotation, setup, etc.) for potential interference.  Once the worst-case conditions are ascertained, the worst-case peak, quasi-peak, and average values of the SCN can be obtained. 
On an Open Area Test Site (OATS) there may also be some noise present in the environment consisting primarily of both white-gaussian noise (WGN) and SCN.  In order to distinguish noise from the environment as opposed to noise from the potential interfering electronic system or equipment under test (EUT), the EMC test engineer reviews the spectral plots and measurements with the EUT turned off and on to observe the differences.  In static plots, the time-varying nature of the SCN is not captured and therefore a peak-hold plot is provided to help general observers understand what noise might be emanating from the equipment under test (EUT) versus what is present in the ambient environment.  With this in mind, measurements taken using this standardized EMC metrology will inevitably appear to be higher than other types of radio noise measurements wherein only WGN is measured primarily for radio planning purposes (using methods described in SM.1753).  
More particularly, there has been suggestion that the background ambient noise plots in Annex 12 might be abnormally higher than typical residential environments due to the fact that the apparent noise levels in the plot are higher than the man-made noise (MMN) levels indicated in ITU-R Recommendation P.372.  Fundamentally this comparison is flawed because levels in ITU-R P.372 are based on statistical median measurements of white-gaussian noise (WGN) only.  All single-carrier noise (SCN) and impact noise (IN) is removed from the MMN levels as indicated in ITU-R Recommendation SM.1753, which is the basis for the P.372 MMN levels.  Furthermore, these P.372 measurements are taken over several seasons and across 24-hour periods to obtain the statistical results.  For comparison of understanding, it is important to note that ITU-R P.372 MMN has the following distinct characteristics in the spurious bands of interest below 30 MHz:
· ITU-R P.372 represents ONLY WGN (not SCN) and ITU-R SM.1753 clearly indicates that both SCN and WGN are important.  ITU-R SM.1753 also clearly states that “it is virtually impossible to find a location that is not at least temporarily dominated by noise or emissions from a single source…” and that “it may be unrealistic to exclude these components from radio noise measurements.”  ITU-R SM.1753 also indicates that “ITU-R P.372 … specifically excludes emissions from single, identifiable sources.”  ITU-R SM.1753 reiterates how important both the SCN and WGN are to radio by noting that, “radiocommunications have to cope with all unwanted signals, whether it is noise or interference, to function properly.  For practical reasons it may therefore be desirable to measure the sum of both.”  Particularly in the HF band, it also notes that, “In the HF frequency band, it is virtually impossible to find a frequency that is free of wanted emissions for the whole 24 h measurement period.”
· The ITU-R P.372 values that are being referenced are based ONLY on man-made noise (MMN) which specifically removes any natural environmental effects.  More particularly, ITU-R SM.1753 states that “Even on one frequency the radio noise level, especially when dominated by MMN, varies depending on time and location.  In frequency bands below 30 MHz, noise levels mainly change over time due to propagation conditions.”
· The ITU-R P.372 WGN MMN values below 30 MHz are based on median values of measurements which occurred in at least 10 locations over 24-hour periods and across multiple seasons.  Specifically, in ITU-R SM.1753, it states that in addition to a standard measurement period of 24 hours, it is important “To take into account variation due to seasons, HF measurements may be repeated a number of times each year.”  This is noteworthy considering that HF propagation conditions change frequently.
· The ITU-R P.372 WGN MMN values are based on RMS measurements – not peak or quasi-peak.  The ITU-R P.372 values do not represent the only source of noise and clearly do not represent the dominant source of noise, which is SCN as also indicated in ITU-R SM.1753.
The impact study in Annex 12 contributed previously contained some comparisons as seen by the amateur radio receiver; however, some additional measurements were taken by TDK RF Solutions of the ambient environment using similar metrology to that used to measure MMN in P.372.  This is shown below for reference.
[image: ]
The primary differences in the measurement done by TDK for this plot included the following: 1) these measurements were taken using a standard CISPR loop antenna rather than a monopole antenna, 2) these measurements were taken over a short period of time only (during the day only when the levels are expected to be highest), 3) these measurements were taken in only one season (close to time period of original data in Annex 12), 4) these measurements were taken only at the single site and do not include other locations.  In any case, these additional measurements taken at the accredited OATS are for reference only and indicate that the background noise is typical of a residential/commercial environment.
This conclusion that the ambient environment noise is typical of residential/commercial environments is further supported by independent data and tests shared with the European CEPT SE 24 group[footnoteRef:4].  In a separate study performed entirely independently by Swiss amateur radio experts (USKA) and Brusa[footnoteRef:5] using a different WPT-EV system operating in a residential Switzerland neighborhood, ambient environment measurements were also taken and compared with those taken in Texas, U.S.A. (referenced in the Annex 12 study).  The measurements in Switzerland were also taken by BAKOM using the standardized CISPR EMC settings, as is typical globally for such measurements.  In the USKA/Brusa study[footnoteRef:6], the independent assessors reference the data from the contributed U.S. study in Annex 12 and provide the following plot for reference. [4:  https://www.cept.org/ecc/groups/ecc/wg-se/se-24/client/introduction/]  [5:  https://www.cept.org/ecc/groups/ecc/wg-se/se-24/client/meeting-documents/file-history/?fid=62748]  [6: https://www.cept.org/Documents/se-24/62748/wi6026-01_rev1_interference_between_ev_inductive_charging-and-radio-amateur-service] 

[image: ]
Finally, since the time that the Annex 12 contribution was provided by the U.S.A., additional characterization of the amateur radio monopole antenna used in the study (HD-FMJ antenna by Alpha Antennas) has been performed as well as characterization of the receiver (Airspy HF+ Discovery software defined amateur radio receiver).  Characterization of the antenna and the receiver together allow direct conversion of the data seen by the receiver to an equivalent E-Field.  This E-Field conversion gives appropriate context to the qualitative data and reinforces the fact that the conversion between E-Field and H-Field is not appropriate within the 10 m distance of measurement.  The figure below provides the E-Field equivalent for the single worst-case measurement condition taken for qualitative analysis (noting that many other cases did not show interference at all and thus were excluded from the report).
[image: ]
One can formally conclude from the referenced information that the impact study provided by the U.S.A in Annex 12 is valid, and the environment in which the measurements were taken is both typical and appropriate for performing the impact study.  For clarification of these facts, the United States provides this information for discussion and relevant inclusion in ITU-R Report SM.2451.

Proposal
In the proposed revision, the United States proposes the following succinct summary of changes to the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451:
· Editorial corrections
· Reference to ITU-R SM.329 in related ITU-R Recommendations, Reports
· Clarifications and succinct summaries of referenced Annexes in the main body text
· Additional information related to the environmental background noise in Annex 12
The Unites States also proposes to elevate the status of the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451 based on this contribution for subsequent adoption as an update to ITU-R SM.2451.
Attachment: Proposed revisions to the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451
NOTE: For clarity, all changes shown in the contribution are based on a clean draft of the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451 as provided in Annex 11 of the Chairman’s report for the November 2020 ITU-R WP1A meeting.

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

[U.S Note: All tracked changes in the Working Document Towards a Preliminary Draft Revision of Report ITU-R SM.2451 should be accepted. All proposed changes are shown from the accepted prior changes. No further changes proposed prior to this point.]
Related ITU Recommendations, Reports
Recommendation ITU-R SM.329
Recommendation ITU-R P.372
Recommendation ITU-R SM.1056
Recommendation ITU-R SM.1753
Recommendation ITU-R SM.1896
Recommendation ITU-R SM.2129-0
Report ITU-R SM.2153
Report ITU-R SM.2303.
…
[bookmark: _Toc10633163][bookmark: _Toc14698428][bookmark: _Toc14947724][bookmark: _Toc14955651]3.3	79-90 kHz WPT-EV usage scenario
3.3.1	Brief Explanation of WPT systems being standardized by SDOs
…
During operation, the voltage generated by the Power Converter excites the Compensation Network that operates using resonance with the Primary Device coil. A resultant sinusoidal current in the Primary Device coil then induces a proportional magnetic field. The energy is coupled between the Primary Device and the Secondary Device through the means of this magnetic field. Both coils can be described using a model of a loosely coupled transformer structure. Because the current generated in the Primary Device coil is sinusoidal, the resultant and not modulated during power transfer, the field produced is a Continuous Wave (CW).
…
4.3.5	Impact studies for the amateur service
In the studies presented in Annex 7 field measurements were conducted for the 135.7-137.8 kHz and 472-479 kHz amateur frequency bands. These frequencies allocated to the amateur service on a primary or secondary basis are unlikely to be affected by the emissions at the operating frequency of WPT-EV.
Limited information is available about the harmonic radiated emissions from WPT-EV operating at this frequency other than in Annex 12. In the studyies presented in Annex 12, field measurements were conducted for the 3.50-4.00 MHz, 7.00-7.30 MHz, 10.10-10.15 MHz, and 14.00-14.35 MHz bands.  The study was performed on an accredited Open Area Test Site (OATS) with ambient environment noise typical of a residential and lite commercial area. While general conclusions cannot be drawn about every ambient environment or type of amateur radio equipment, [tThe conclusion of this study indicates that the amateur services in the studied bands are unliketly to be significantly impacted by the harmonic emissions of WPT-EV systems designed in accordance with the noted SDOs.]  Of course, the degree to which these WPT-EV will disturb amateur service communications will depend inter alia on the pre-existing background noise levels at the specific reception sites as well as the characteristics of the specific WPT-EV system. The tests in Annex 12 included many non-interference qualitative tests; however, off-air reception of one worst-case condition resulted in an amateur service signal (strength unknown) in the presence of an operating WPT-EV system with a harmonic located at the same frequency. This study allows conclusions to be drawn only for the referenced conditions and further studies of impact are required. The matter of harmful interference from harmonic radiated emissions is also covered in § 4.5.
…
4.4 	Limits of WPT-EV radiated emission for the protection of AM broadcasting 
[Editor’s note: the following paragraph, includes proposed changes made in input 1A/17 (USA). However, these changes are contested in input 1/59 (EBU) which proposes to retain the text as it is in SM.2451-0. Further discussion is needed.]
Various limits have been proposed for absolute maximum levels for the electric and magnetic field strengths for inductive applications operating over short ranges and at implied, though not specified, low power levels. There are proposals to adapt or extend these same limits to medium/high power inductive power transfer applications such as WPT-EV, which will operate at powers of the order of tens to hundreds of kilowattsW. However, it is possible based on theoretical studies in Annex 8 that adherence to existing field strength limits might not  offer adequate protection to avoid interference of any type to radio services in some circumstances.  It should be noted, however, that impact studies such as those in Annex 12 show that the type and effective aperture of the receiving antenna along with its distance can make a difference in the results.[Editor's note: The USA proposes either removing the information below or creating a succint summary of the information since it is largely duplicated from an Annex.
See further below for a proposed replacement text by EBU]

[Editor’s note: The following text is proposed by EBU as succinct summary of the initial information (Stricked through above) to avoid duplication with the related Annex
The modifications to the text below are proposed by the USA. No agreement is reached on the final text.Inputs supporting the proposed modification are required]
It is assumed that interference into an AM broadcast receiver will be a single sinusoid, harmonic of the WPT fundamental frequency that falls within an (approximately[footnoteRef:7]) 10 kHz wide AM Broadcast channel and hence into the acceptance bandwidth of the receiver. Further studies may be required to understand how such a single sinusoid may be different from an interfering broadcast station for which ITU-R Rec. BS.560 provides protection criteria between AM radio stations. Annex 8 uses provisions of ITU-R Rec. BS.703, [Characteristics of AM sound broadcasting reference receivers for planning purposes]; however, it must be recognized that the planning signal strengths only have a stated signal-to-noise ratio of 26 dB as opposed to 40 dB for typical conditions. In Annex 8, using only thea very worst-case 56 dB protection ratio (40 dB baseline + 16 dB worst-case offset) as specified for interference between AM radio stations, would give rise to a tolerable level of interference at the receiver operating in the MF broadcast band of: [7:  9 kHz In Regions 1 & 3 and 10 kHz in Region 2] 

•	–47.5 dBμA/m. – at the location of the receiver
A more thorough derivation of this along with an equivalent figure for the LF Broadcast band is given in Annex 8. This figure is ‘worst case’ and dependent on the precise frequency of the interfering harmonic; there being a 20 dB variation across the circa 5 kHz audio bandwidth of a typical receiver. Subsequent work carried out by the BBC and reported in Attachment 6 to Annex 8 shows that this figure can be relaxed (using the same noted assumptions indicated above) to:
•	–43.0 dBμA/m. – at the location of the receiver
The tolerable interference level is valid at the location of the receiver itself. In any generic formulation of limits for a ‘device’ the interference level must be specified at a standardised distance from the device itself. In many existing standards (e.g. in CISPR) the standard measurement distance is always specified as being 10 m from the device. It is possible that a victim receiver might not be found at the standardised measurement distance and so a correction may need to be applied. 
More detail on the reasons for this and the necessary constraints are given in Section 5.4.1 and considerable detail on the derivation of all the figures in this section are given in Annex 8.
[bookmark: _Toc10633170][bookmark: _Toc14698435][bookmark: _Toc14947731][bookmark: _Toc14955658]4.5	Impact of spurious and harmonic radiated emissions on the amateur service and relevant protection requirements
The three frequency ranges being considered for WPT-EV do not overlap with, and have reasonable separation from, the 135.7-137.8 kHz and 472 kHz amateur frequency bands. Therefore, receiver sensitivity suppression (out-of-band) has not been considered a problem.
Amateur frequency bands from 472 kHz upwards are potentially affected by harmonic radiation from WPT-EV operating at 79-90 kHz and possibly from WPT-EV operating at 20 kHz and 60 kHz.
Report ITU-R SM.2303 states that interference to amateur services was not studied. Subsequent papers submitted to ITU-R have suggested that the harmonic radiated emissions limits, as defined by ITU-R and/or CISPR could, by themselves, fall short of providing adequate protection from harmful interference to amateur services from WPT-EV in this frequency range. Additional studies are provided in Annex 12 on this topic. Protection levels for the amateur service, which are set out in Recommendations ITU-R F.240 and ITU-R M.1044 and used in the studies in Annex 10, can be used to guide the development of appropriate protection criteria though these recommendations do not apply to single-carrier interference specifically.
Annex 12 also contains an impact study of WPT-EV harmonic emissions emanating from a system following SDO requirements in the 79-90 kHz band. Impact is dependent on distance, antenna type, and other factors such as background ambient noise. Issues of wideband noise from WPT-EV systems has not been studied, but the developed protection requirements could be applicable to such radiation, which may also be common to typical power electronics such as switch-mode power supplies, and are not harmonically related to WPT-EV specifically. The likely separation distance from systems operating at 20 and 60 kHz is likely to provide reasonable protection from harmonic radiated emissions from the WPT-EV systems, although this remains to be validated. 
The high duty cycle of 79-90 kHz WPT-EV systems, their planned location close to or inside dwellings (and therefore close to amateur service antennas), and their anticipated deployment density show that harmonic radiated emissions from WPT-EV systems in this frequency range need to be controlled if harmful interference is to be avoided. 
Specifically, the adoption of radiated emission limits from inductive device limits for other applications and devices by themselves is one option but might not provide the level of protection required. See Annex 12 for further details.
The study in Annex 10 models the protection necessary for the amateur service for WPT-EV based on protection ratios from ITU-R F.240, which do not include single-carrier interference similar to what would be expected by a harmonic interferer from a WPT-EV system. The radiated emission limit suggested by this study to provide appropriate protection is:
−45.5 dBµA/m at 300 kHz reducing by 8 dB per frequency decade to −61.5 dBµA/m at 30 MHz.
Measurements conducted at 10m distance in a 10 kHz bandwidth.
However, according to Annex 10, the necessary limits for harmonic radiated emissions from WPT-EV systems can be relaxed from this level by about 20 dB if:
a)	all WPT-EV systems adopt a harmonized, tightly tolerance frequency of operation; and
b)	the phase noise and noise sidebands from WPT-EV are no higher than the above limit.
[bookmark: _Hlk37159365]Some harmonic radiated emission data has been provided for WPT-EV systems operating at 79‑90 kHz. Annex 12 represents some of this data collected with a WPT-EV system that follows previously noted SDO requirements highlighted in § 3.3.1. The single-carrier harmonic emissions from the WPT-EV system shown are higher than levels suggested in Annex 10 and do not show harmful interference for the stated conditions.
…
[bookmark: _Toc10633173][bookmark: _Toc14698438][bookmark: _Toc14947734][bookmark: _Toc14955661]5.2	Mitigation measures
5.2.1	Mitigation Strategies to reduce the impact on the broadcasting service
The operation of AM broadcast transmitters is covered by the Radio Regulations. In Regions 1 and 3 the relevant instrument is the Geneva 1975 Frequency Plan (GE75) and in Region 2 the Rio de Janeiro 1981 Frequency Plan (RJ81). These international agreements allocate operating frequencies to LF and MF transmitters such that they do not cause interference to each other based on factors such as geographical separation, transmitter power and antenna characteristics. The underlying basis for the plans is Recommendations ITU‑R BS.703 and ITU‑R BS.560. Importantly, the regional assignment plans set the transmitter operating frequencies on a grid or raster; under the GE75 Plan each (carrier) frequency is a multiple of 9 kHz and under the RJ81 Plan a multiple of 10 kHz.
A significant benefit of having all the carriers on a common raster is that co-channel interference is up to 16 dB less intrusive than if the frequencies were chosen randomly. This can be seen in Fig. 1 of Recommendation ITU-R BS.560.
The sameA similar principle can be applied to a WPT-EV system if its operating frequency can be chosen and fixed to be a multiple of 9 kHz or 10 kHz. If the operating frequency is chosen in this way any harmonics will also (automatically) lie on the broadcast frequency raster. Studies to investigate the subjective effects of interference from an un-modulated carrier situated on or off the raster were carried out by the BBC in November 2017 and are described in BBC Research and Development White Paper WHP 332, November 2017 – Wireless Power Transfer: Plain Carrier Interference to AM Reception, which is reproduced as Attachment 6 to Annex 8. 
[Editor’s note: USA Proposes either removing the information below or providing succinct summary since it is redundant from the referenced Annex.
See further below for a proposed replacement text by EBU]

[Editor’s note: The following text is proposed by EBU as succinct summary of the initial information (Stricked through above) to avoid duplication with the related Annex
The modifications to the text below are proposed by the USA. No agreement is reached on the final text. ]
The technique and its potential application are described in detail in Annex 8 and could form the basis of a mitigation strategy. For ‘on raster’ operation, the tolerable level of interference can, as stated in se Section 4.4 above, be relaxed.

[USA Note: The additional information proposed by EBU regarding details of the study and its suggested limits in Annex 8 are both redundant and irrelevant to the topic of “mitigation strategies” and are therefore left out in this section.  Section 4.4 contains appropriate references and information.]
…
Annex 12

Impact Studies on HF Amateur Radio in United States for WPT-EV
[USA Note: Several figures were removed in the working document and this document proposes adding some new figures.  Figure numbering and references will need to be editorially updated accordingly.]
…
A12.2	Characteristics of Standardized WPT-EV Systems
For the purposes of this impact study, only WPT-EV systems designed to meet the SAE J2954 and related WPT-EV standards, with specific characteristics outlined in § 3.3.1, were considered.
…
A12.3.2	Characteristics of the OATS
…
While it is generally expected that ambient conditions would be even lower in un-populated areas of the U.S. (e.g., forests, mountains, fields, etc.) where many amateur radio operators enjoy setting up portable stations for low-noise conditions, it is not expected that WPT-EV systems would be generally located nearby (e.g., much greater than 30 m) in such areas.

After testing, additional questions were raised as to the levels of ambient emissions shown in previous figures and whether the test environment is typical to those in which a WPT-EV system would operate (e.g., residential / commercial).  The peak-hold ambient figures shown cannot be compared to the ITU-R P.372 man-made noise (MMN) levels because the measurement methods for MMN white-gaussian noise (WGN) and single-carrier noise (SCN) such as harmonic emissions from WPT-EV are very different.  More particularly, there has been suggestion that the background ambient noise plots in Annex 12 might be abnormally higher than typical residential and commercial environments since the apparent noise levels in the plot are higher than the man-made noise (MMN) levels indicated in ITU-R Recommendation P.372.  Fundamentally this comparison is flawed because levels in ITU-R P.372 are based on statistical median measurements of white-gaussian noise (WGN) only.  All single-carrier noise (SCN) and impact noise (IN) is removed from the MMN levels as indicated in ITU-R Recommendation SM.1753, which is the basis for the P.372 MMN levels.  Furthermore, these P.372 measurements are taken over several seasons and across 24-hour periods to obtain the statistical results.  For comparison of understanding, it is important to note that ITU-R P.372 MMN has the following distinct characteristics in the spurious bands of interest below 30 MHz:
· ITU-R P.372 represents ONLY WGN (not SCN) and ITU-R SM.1753 clearly indicates that both SCN and WGN are important.  ITU-R SM.1753 also clearly states that “it is virtually impossible to find a location that is not at least temporarily dominated by noise or emissions from a single source…” and that “it may be unrealistic to exclude these components from radio noise measurements.”  ITU-R SM.1753 also indicates that “ITU-R P.372 … specifically excludes emissions from single, identifiable sources.”  ITU-R SM.1753 reiterates how important both the SCN and WGN are to radio by noting that, “radiocommunications have to cope with all unwanted signals, whether it is noise or interference, to function properly.  For practical reasons it may therefore be desirable to measure the sum of both.”  Particularly in the HF band, it also notes that, “In the HF frequency band, it is virtually impossible to find a frequency that is free of wanted emissions for the whole 24 h measurement period.”
· The ITU-R P.372 values that are being referenced are based ONLY on man-made noise (MMN) which specifically removes any natural environmental effects.  More particularly, ITU-R SM.1753 states that “Even on one frequency the radio noise level, especially when dominated by MMN, varies depending on time and location.  In frequency bands below 30 MHz, noise levels mainly change over time due to propagation conditions.”
· The ITU-R P.372 WGN MMN values below 30 MHz are based on median values of measurements which occurred in at least 10 locations over 24-hour periods and across multiple seasons.  Specifically, in ITU-R SM.1753, it states that in addition to a standard measurement period of 24 hours, it is important “To take into account variation due to seasons, HF measurements may be repeated a number of times each year.”  This is noteworthy considering that HF propagation conditions change frequently.
· The ITU-R P.372 WGN MMN values are based on RMS measurements – not peak.  The ITU-R P.372 values do not represent the only source of noise and clearly do not represent the dominant source of noise, which is SCN as also indicated in ITU-R SM.1753.
The previous comparisons made were done using peak measurements (using methods described in ITU-R SM.329, annex 2) as seen by the amateur radio receiver; however, some additional measurements were taken by TDK RF Solutions of the ambient environment using similar metrology to that used to measure MMN in ITU-R P.372.  This is shown below for reference.

Figure A12-XX
Additional TDK WGN Ambient Measurements

[image: ]
The primary differences in the measurement done by TDK for this plot and the method described in ITU-R SM.1753 included the following: 1) these measurements were taken using a standard CISPR loop antenna rather than a monopole antenna, 2) these measurements were taken over a short period of time only (during the day only when the levels are expected to be highest), 3) these measurements were taken in only one season (close to the time period of the original study), 4) these measurements were taken only at the single site and do not include other locations.  These additional measurements taken at the accredited OATS are for reference only and are not definitive by themselves.
The conclusion that the ambient environment noise is typical of a residential environment is further supported by independent data and tests shared with the European CEPT SE 24 group [23].  In a separate study performed entirely independently by Swiss amateur radio experts from USKA and Brusa [24], using a different WPT-EV system operating in a residential Switzerland neighborhood, ambient environment measurements were also taken and compared with those taken in Cedar Park Texas, U.S.A.  These measurements taken in Ersigen, Switzerland next to an amateur radio station in a residential neighborhood were also taken by BAKOM using the standardized CISPR EMC settings as is typical globally for such measurements (and as described in Annex 2 of ITU-R SM.329).  In the USKA/Brusa study [25], the independent assessors reference the data from the contributed U.S. study and provide the following comparison plot for review.
Figure A12-XX
Ambient comparison measurements performed in a separate study by USKA & Brusa
[image: ]
…
A12.3.4.1.2		Amateur Radio Monopole Antenna Testing
…
In addition to the various plots collected from the calibrated spectrum analyser, the amateur radio transceiver and receiver were used to assess qualitative audio impact of the WPT-EV system on communications.  In general, at the various distances, no visual or audio impact in the tested amateur radio bands (80 m, 40 m, 30 m, 20 m) was detected above the ambient environment levels present at this site whenever the vehicle was reasonably aligned and rotated on the turn table. However, in one specific worst-case condition where the ground assembly coil and vehicle assembly coil were misaligned to maximum offset, the turn table was set to a specific angle relative to the amateur monopole antenna, and the antenna had an NVIS line attached to increase near-field sensitivity at a distance of 10 m from the WPT-EV system, audio characteristics from the WPT-EV were detectable as a faint “whistle”.  In this same condition, a soft  SSB voice transmission was also recorded directly over top of the interference signal at 3.825 MHz. 
Despite the faintly heard WPT-EV interference, this voice transmission was clearly audible and intelligible.  A before and after image of the recorded transmission using the Airspy HF+ Discovery receiver and SDRSharp radio software are shown below along with an overlay.
The interference signal from the WPT-EV system at 3.825 MHz using the SDRSharp software is shown below.
Figure A12-66
SDR# Software snapshot of WPT-EV interference signal at 3.825 MHz in worst-case condition
[image: ]
Figure A12-67
SDR# Software zoomed snapshot of WPT-EV interference signal at 3.825 MHz in worst-case condition
[image: ]

A distant amateur radio voice transmission occurred at the same frequency as the WPT-EV harmonic interference captured and is shown below.
Figure A12-68
SDR# Software zoomed snapshot of distant amateur radio verbal audio broadcast at 3.825 MHz
[image: ]

An overlay of the interference and the SSB AM transmission together and shown below.
Figure A12-69
SDR# Software zoomed snapshot of distant amateur radio verbal audio broadcast at 3.825 MHz 
with WPT-EV interference signal underlay
[image: ]
Following the qualitative testing, additional characterization of the amateur radio monopole and the software-defined receiver (SDR) were performed to convert the signal strengths from the levels shown in the software to vertically polarized electric-field levels.  The result of this conversion is shown in the figure below.
Figure A12-XX
SDR# Software zoomed snapshot of distant amateur radio verbal audio broadcast at 3.825 MHz 
with WPT-EV interference signal underlay and E-Field levels

[image: ]

A12.4	Summary of Results
[bookmark: _Hlk35946458]A WPT-EV system as defined by the referenced SDOs operating at ~11 kW input power and ~90% efficiency AC grid input to DC battery output mounted on a Nissan Leaf with a 62 kWh battery was measured on a third-party accredited Open Area Test Site (OATS).  The characteristics of the ambient environment were collected for comparison of emissions with the WPT-EV system transferring power and turned off.  Ambient characteristics measured using a recommended HF amateur radio monopole antenna for the designated operating bands were collected at the OATS and compared directly with the same measurement performed in a rural area separated by ~1300 miles or ~2100 km.  In the 80 m and 40 m bands, the ambient measurements showed similar characteristics, whereas in the 30 m and 20 m bands, the levels in Nibley, Utah were typically up to ~10 dB lower than those in Cedar Park, Texas. Other ambient environment comparisons were also made, including one in Erigen, Switzerland. These additional comparisons indicate that the ambient conditions of the study are similar to other residential environments around the world. The ambient environment comparison, however, can be applied to other locations and amateur installations only if the environment and ambient conditions are similar to what they are in the specific locations measured.
The WPT-EV system was setup to operate continuously at full-power transfer and in worst-case misaligned conditions.  Radiated emission data in the 9 kHz to 30 MHz range was collected by a third-part accredited lab using calibrated equipment used to perform certification measurements required by local administrations. Measurements were performed with a standard calibrated CISPR 60 cm loop antenna at a distance of 10 m. The magnetic loop antenna showed the WPT-EV operating fundamental as well as some other emissions above the ambient conditions present at the OATS.  Detailed quasi-peak and average measurements were also taken with the magnetic loop antenna on discernible WPT-EV odd harmonics seen above ambient conditions in the 80 m to 20 m amateur radio bands.  Radiation patterns were obtained for the fundamental as well as the measured harmonics.
For direct comparison and correlation with the calibrated measurements taken, additional data was collected by licensed amateur radio operators using a monopole antenna with a large effective antenna height. The amateur radio antenna was placed at distances of 10 m, 20 m, and 30 m over real earth from the WPT-EV system that was located on the OATS (and rotated for maximum interference potential). In several unique cases, very narrow-band harmonics were discernible with the amateur radio monopole antenna but their amplitude was no higher than the typical ambient peaks seen without the WPT-EV system operating. 
Qualitative listening tests were also conducted in the presence of WPT emissions. One amateur service signal operating in the far-field (field strength unknown)with an average E-Field strength of ~16 dBµV/m (-35 dBµA/m) was heard at a frequency coinciding with a WPT harmonic and resulted in an intelligible and audible voice transmission yielding non-harmful interference.  In this case, the approximate amateur signal-to-ambient-noise-peak ratio was about 13 dB with the ambient noise peaks occurring at an average of ~-2 dBµV/m (-53.5 dBµA/m).  In the near-field, where the WPT-EV system is located at a 10 m distance, the calibrated H-Field EMC measurements cannot be converted to E-Field using far-field approximations.  Further work is encouraged to examine the full impact of the measured levels of WPT emissions on general communications in the amateur service in multiple environments.
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[bookmark: _Hlk56507055]FAQs for US Contribution for Report SM.2451



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

Background

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

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

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

Questions/Comments and Answers Relating to the Impact Study

What is the impact study and are its conclusions valid?

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

Is the measurement site noisier than a typical environment?

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Qualitative Conclusion

The impact study presented focuses on impact on the amateur radio bands.  The impact report represents qualitative and quantitative correlated measurements that represent the worst-case in reasonable environments where a WPT-EV system and a nearby amateur radio receiver might be located.  A 3rd- party accredited and qualified lab was used to perform the assessment utilizing standardized methods, measurements, setup, metrology, and limits.  As concluded by the impact study, “Qualitative audio characteristics were obtained, and a distant radio transmission was picked up operating at the identical frequency of the WPT-EV harmonic seen.  The qualitative result was non-harmful interference resulting in no substantial loss of audibility and intelligibility at a close distance for the worst-case measured condition.”
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