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Detection and protection of wireless microphones
Introduction

As part of the review of the spectrum manager policy 3a described in document #22-09-224r4 with respect to disallowing operation of CPEs close to a detected wireless microphone operation versus having the entire WRAN cell moving to another channel, further verifications are presented regarding the levels of field strength involved at the wireless microphone receiver and at the WRAN RF sensor in view of identifying the proper policy to adopt.

Field strengths needed to operate a WRAN system and to protect wireless microphones

According to document #22-08-240r2, tab: "CPE to Beacon", the minimum level of power-flux density that needs to be protected for proper wireless microphone operation down to the agreed -95 dBm minimum signal level and 20 dB protection ratio (D/U) at the wireless microphone receiver is -127.8 dB(W/m^2), which translates into a field strength of 18 dB(uV/m) in 200 kHz bandwidth.

According to the WRAN Reference Model spreadsheet (#22-04-02r17), the minimum field strength for proper WRAN reception is 29 dB(uV/m) in 6 MHz which translates into 14.2 dB(uV/m) in 200 kHz bandwidth.

This means that WRAN CPEs can still operate in an area where the wireless microphones would no longer be interfered with by the signal coming from a far away base station because the signal level in the area is still above the minimum field strength required.  The differential is 3.8 dB.

Protecting wireless microphone operation with the 802.22.1 beacon

The 802.22 WG recognized early in the process that wireless microphone sensing would not be sufficient to protect microphone operation to the level proposed by the wireless microphone manufacturers and agreed to in the WG (-95 dBm and 20 dB D/U).  The Task Group 802.22.1 was then formed to develop a beacon standard to achieve this goal.  The parameters of this standard were optimized (8:1 spectrum spreading, QPSK modulation, rate:1/2 coding and a beacon bandwidth of 77 kHz) so that the sensing range of the 802.22.1 beacon would correspond to the interference range of a 4 W EIRP CPE on the reciprocal RF signal path.  Precise calculations were done with the inclusion of a 6 dB margin to account for potential frequency selective fading that would affect the 77 kHz beacon signal (#22-08-58r0, #22-08-40r2).

However, wireless microphone manufacturers and broadcasters expressed their preference for the use of wireless microphone sensing resulting on a “best effort” approach rather than using the 802.22.1 beacon and this found its way into the FCC R&O 08-260.  The precise calculations developed for the 802.22.1 can be used to find the extent of the relaxation in the protection of wireless microphone operation resulting from this ‘best effort’ approach.

margin allowed in the best effort sensing of wireless microphones using the -114 dBm sensing threshold.to has been mentioned in document 22-09-68r2 that using wireless microphone sensing with the -114 dBm sensing threshold as specified in the FCC R&O 08-260 rather than sensing and detecting the 250 mW wireless microphone beacon defined in the 802.22.1 draft standard means that best effort is assumed for the detection of the wireless microphones. 

Since the 802.22.1 beacon was assumed to operate at the maximum power allowed by the rules for low-power auxiliary devices in the TV bands, that is 250 mW and a 2 dBi antenna gain, and that the minimum signal level received from a microphone at the receiver (-95 dBm) assumes a 10 mW transmission power, -10 dBi antenna gain and a 27 dB local fading (wearable device) beyond the free-space loss at an operating distance of 100 m, the power differential between the 802.22.1 beacon and the faded wireless microphone signal is:

10*log(250/10) + (2 +10) + 27 dB fading = 53 dB

This means that the sensing threshold required for detecting the presence of a wireless microphone in the conditions described for the worst case by the wireless microphone manufacturers would need to be:

-116 - 53 + 6 = -163 dBm

where the –116 dBm is the sensitivity level achievable with the 802.22.1 beacon detection as described in document 22-08-40r2. Note that the 6 dB extra margin that was built in the reciprocal RF path calculation for the 802.22.1 beacon to cover eventual frequency selective fading of the 77 kHz beacon signal in the 6 MHz channel needs to be removed in the case of wireless microphone sensing since it is assumed that the wireless microphone sensor will be able to detect the highest microphone signal level in the TV channel rather than one that may be selectively faded.

The resulting –163 dBm level represents the microphone sensing threshold that would be required to protect wireless microphone operation at the level proposed by the microphone manufacturers (-95 dBm and 20 dB D/U) and achievable by the 802.22.1 beacon.

Relaxation of the protection requirements corresponding to the –114 dBm sensing threshold

As indicated above, the FCC decided to favor wireless microphone fading and specified a sensing threshold of -114 dBm.  This represents a "best effort" approach to protecting wireless microphone operation and is:

-114 – (-163) = 49 dB

less stringent than what would be achievable with the 802.22.1 beacon sensing which was designed to protect wireless microphone operation down to the reference signal level of -95 dBm with a D/U of 20 dB.  This corresponds to a field strength level at the input of the wireless microphone receiver that can be detected by wireless microphone sensing of:

18 + 49 = 67 dB(uV/m) in 200 kHz bandwidth

This level is therefore:

67 - 14.2 = 52.8 dB

higher than the field strength required to provide service to local WRAN CPEs.  As a consequence, it makes sense to disassociate local CPEs around a detected wireless microphone operation to avoid local interference in order to form a local zone of exclusion while allowing the WRAN base station to continue operation to serve the other CPEs located at sufficient distance from this microphone operation.

The spectrum manager policy 3a, described in document 22-09-224r4 should therefore be kept unchanged except that the “protected radius of the wireless mike” in the last diamond shape on the right will need to be scaled according to the EIRP of the base station which could be larger than 4 W in various regulatory domains.

Reference:

22-09-0224-04-0000-Spectrum Manager Policy Table.doc

22-08-0040-02-0000-WRAN and TG1 Beacon link analysis.xls

22-08-0058-00-0001_TG1_fade-to-WRAN_interference_stats.doc

22-04-0002-17-0000_WRAN_Reference_Model.xls

“IEEE P802.22.1/D6.0 Draft Standard for Information Technology — Telecommunications and Information Exchange Between Systems — Local and Metropolitan Area Networks – Specific Requirements — Part 22.1: Enhanced Protection for Low-Power, Licensed Devices Operating in Television Broadcast Bands,” January 2009.

Notice: This document has been prepared to assist IEEE 802.22. It is offered as a basis for discussion and is not binding on the contributing individual(s) or organization(s).  The material in this document is subject to change in form and content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained herein.





Release: The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication.  The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.22.





Patent Policy and Procedures: The contributor is familiar with the IEEE 802 Patent Policy and Procedures 


<� HYPERLINK "http://standards.ieee.org/guides/bylaws/sb-bylaws.pdf" ��http://standards.ieee.org/guides/bylaws/sb-bylaws.pdf�>, including the statement "IEEE standards may include the known use of patent(s), including patent applications, provided the IEEE receives assurance from the patent holder or applicant with respect to patents essential for compliance with both mandatory and optional portions of the standard."  Early disclosure to the Working Group of patent information that might be relevant to the standard is essential to reduce the possibility for delays in the development process and increase the likelihood that the draft publication will be approved for publication.  Please notify the Chair <� HYPERLINK "mailto:carl.stevenson@ieee.org" ��Carl R. Stevenson�> as early as possible, in written or electronic form, if patented technology (or technology under patent application) might be incorporated into a draft standard being developed within the IEEE 802.22 Working Group. If you have questions, contact the IEEE Patent Committee Administrator at <� HYPERLINK "mailto:patcom@ieee.org" \t "_parent" �patcom@ieee.org�>.





Abstract


Following a discussion that took place during the cognitive radio teleconference on January 5th dealing with the spectrum manager policy 3a described in document #22-09-224r4 with respect to disallowing operation of CPEs close to a detected wireless microphone operation versus having the entire WRAN cell moving to another channel, further verifications are presented regarding the levels of field strength involved in view of identifying the proper policy to adopt.
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