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Before the

FEDERAL COMMUNICATIONS COMMISSION

Washington, D.C. 20554
	In the Matter of

Unlicensed Operation in the TV Broadcast Bands     


	
	)

)    ET Docket No. 04-186

)




IEEE 802.18 Petition For  Reconsideration  

IEEE 802.18, the Radio Regulatory Technical Advisory Group (“the RR-TAG”) within IEEE 802
 hereby respectfully submits its Petition for Reconsideration of the Commission’s November 4, 2008, decision in the above-captioned rulemaking relating to Part 15 devices operating on vacant TV channels (“white spaces”).  This document was prepared and approved by the RR-TAG, and also was reviewed by the IEEE 802 Executive Committee.

The members of the RR-TAG that participate in the IEEE 802 standards process are interested parties in this proceeding.  We appreciate the opportunity to express our concerns, seek clarifications and/or modifications to some of the rules adopted by the Commission for this instant proceeding.

introduction

On November 4, 2008, the Commission adopted a Second Report and Order (Second R&O) that establishes rules to allow new, sophisticated wireless devices to operate in broadcast television spectrum on a secondary basis at locations where that spectrum is available. (This unused TV spectrum is now commonly referred to as television “white spaces”).  In IEEE 802.18’s view, this represents a significant opportunity for industry to participate in developing new technology and applications for wireless services.

Etc......
the commission’s  adopted rules for fixed operation in the Tv Bands  will prohibit and/or limit the operation of IEEE 802.22 compliant devices

In its previous filing to the Commission
  IEEE 802.18 supported the Commission’s first Report and Order findings that the protection of incumbent operations in the TV bands is a much more tractable problem when devices are limited to fixed operation.  Fixed point to multipoint systems with a master/slave relationship between base stations and user terminals, coupled with sensing across the network, geolocation/database techniques, and transmitter power control, can provide a viable means of bringing broadband fixed access services to less densely populated rural areas and other unserved/underserved areas where spectrum is available.


In this instant proceeding, however, the Commission adopted the final rules to authorize fixed system operation on unused spectrum in the TV bands containing some provisions that will limit or prohibit certain operation or functionality of IEEE-802.22 compliant devices and the proposed draft of the 802.22 Standard. Specifically the Commission need to clarify or reconsider modifying their rules on issues and/or topics listed below so as to allow for the most efficient and economical use for fixed operation in this band.

A- Fixed devices (base stations) should be allowed to have multiple fixed client/slave devices
Section 15.711f states that: "A fixed device may not operate as a client to another fixed device."  This rule would prohibit fixed devices from using a "master/slave” protocol as proposed for 802.22 systems.  The IEEE 802.22 architecture is designed around a protocol where a client/slave fixed device is required to operate under the control of and communicate with a master fixed device (a base station). As mentioned in our previous filing, IEEE 802.22 established a class of fixed client/slave devices known as Customer Premise Equipment (CPEs) with a power output of up to 4 W EIRP which can determine their geolocation parameters and send them to the master/base station as a condition for association.  The master/base station is responsible for querying the database on behalf a CPE requesting association to get a list of available channels or a maximum EIRP allowed for each TV channel which may be used by the CPE at its location.   In order to associate with a master/base station and begin normal operation, a CPE must receive a list of available channels and permission to operate from the master/base station.  This should have been provided for in the R&O.  The Commission should define a master/slave relationship as described above and should modify its rules to allow those classes of stations.

B- Sensing for television signals should not be mandated by the Commission

In Section 15.711a.1 and a.2, the Commission mandated the use of a geolocation and database access mechanism as well as sensing for both fixed and personal/portable operation. IEEE 802.18 believes that, given the Commission’s finding that the geolocation and database mechanism are the only means to protect television users, coupled with the mixed results on sensing for television signals in the recently published FCC report on sensing
 and the fact that sensing of television signals at the threshold level proposed will open the door to very easy denial of service for the new Part 15 devices by devices using television-like signals, sensing for television signals should not be mandated by the Commission. The incremental cost, additional energy demand, and complexity of imposing TV sensor technology on all fixed devices are not warranted given that the current rules only use geolocation to actually protect TV incumbents – a solution that achieved 100% reliability in the Commission’s report4. 

In addition, if the requirement for TV sensing for fixed TVBDs is removed from the Rules as proposed above, there is no longer a need for a 10 meter minimum receive antenna height requirement and the fixed CPE antenna heights indicated in the proposed new Table below would be feasible for both transmit and receive antennas.
  These two changes would significantly reduce the cost and complexity of CPE equipments and installation, benefiting consumers and making rural broadband access more affordable and ubiquitous.
C- Fixed base station height should be based on HAAT rather than AGL and not limited to 30m AGL

In para. 181 of the R&O the Commission limited the antenna height for fixed unlicensed TVBDs to 30 meters above ground level (AGL) and used that limit for its calculation of the separation distance to the TV protected contour.  In the case of a fixed base station located on a mountain, using 30 meters AGL would considerably underestimate the required separation distance and compromise the protection of the TV service in some situations and would unnecessarily limit fixed base station coverage area in other situations, requiring the deployment of more base stations than necessary, thereby increasing cost to consumers. 

IEEE 802.18 recommends that the antenna height for such fixed base stations should be expressed in terms of HAAT (Height Above Average Terrain) rather than height above ground level (AGL) to allow the determination of the appropriate separation distances necessary to protect the incumbents while allowing to achieve extended coverage.  We recommend that HAAT be used to determine the required separation distance from TV protected contours as described below in the Table below
.  The method for calculating HAAT should be the same as was employed in Part 90 to protect the TV service from PLMRS.  In addition, we recommend no limits on the antenna height above ground for fixed base stations.
  We further recommend that no changes in the assumption of antenna heights of 10m AGL for fixed user terminals (CPEs) be made for the purpose of calculating the separation distance to the TV protected contour.


	Antenna height of
Unlicensed Device

(AGL for personal/portable and fixed CPE, HAAT for fixed base station)
	Required Separation (km)
From Digital or Analog TV (Full Service or Low Power) Protected Contour

	
	Co-channel
	Adjacent Channel

	Less than 3 meters
	6 km
	0.1 km

	3 – Less than 10 meters 
	6.9 km
	0.256 km

	10 – Less than 30 meters 
	10.8 km
	0.285 km

	30 – Less than 50 meters 
	13.6 km
	0.309 km

	50 – Less than 75 meters 
	16.1 km
	0.330 km

	75 – Less than 150 meters 
	22.6 km
	0.372 km

	150 – Less than 300 meters 
	32 km
	0.405 km

	300 – Less than 600 meters 
	45.7 km
	0.419 km

	600 – Less than 1200 meters 
	68 km
	0.426 km


Database:

802.11 ask for height of fixed devices to be included in the database (AGL and height of terrain at the antenna).
802.11 ask for online, real-time operation rather than access only once every 24 hours.  This would avoid need for sensing.  Another way would be to provide certificate of time-limited operation for master TVBDs (Mode 2) from the database.  When the certificate expires, the master device must renew it or cease operation.  Push-mode from the database would be another option.  The master devices would then need to verify their Internet connectivity hourly or cease operation. (See doc. 11-180 r1)
802.11: Change of database requirement for personal/portable to geolocate the master device (Mode 2: master mode) only.  Consequence would be that if the extent of coverage of this master device is, say, 300 m, that is client devices (Mode 1) can be located at most 300 m from the Mode 2 master device, the keep out distance from the TV protected contours or the wireless microphone operation would need to be extended by 300 m: not a big deal, this can be acceptable. (See doc. 11-180 r1)   [802.22 view?]
D- PSD limits and minimum occupied bandwidth should be specified

In the January 2007 comments to the FCC, 802.18 recommended that the minimum channel bandwidth to be used in the TV white space should be 6 MHz.  In the second R&O, the Commission conducted all its tests based on a wideband noise-like signal.  However, in specifying the maximum power, it failed to specify a minimum bandwidth.  IEEE 802.18 believe that, there is a need to allow narrower bandwidths than proposed earlier while maintaining the same protection for incumbents on the 6 MHz systems.  We therefore believe that the Commission should specify a minimum bandwidth and a maximum spectrum power density.

Specifically, we propose that, in addition of a maximum of 4 W in 6 MHz, the maximum PSD per 100 kHz should not exceed 100 mW.  We also propose that a minimum occupied bandwidth of 500 kHz be required in order to facilitate correctly identifying a Part 74 wireless microphone from narrowband unlicensed transmissions.

In the case of a 6 MHz wide and flat spectrum signal, the power density in 100 kHz will be 67 mW or 18 dBm.  However, if the minimum bandwidth specified is 500 kHz, then the power spectral density within this bandwidth will need to be increased to 800 mW per 100 kHz to allow for a 4 W flat spectrum transmission or 29 dBm per 100 kHz.  Otherwise the 500 kHz signal would need to reduce its power by 9 dB to meet the 100 mW/kHz PSD.  This PSD is too restrictive.
802.11 propose to use the maximum PSD limit as defined in Part 15.247e.  The maximum PSD is specified as 8 dBm (conducted) in 3 kHz.  For the 802.22 WRAN standard, this would correspond in practive to the power of one OFDM carrier eventhough its typical bandwidth is 3.35 kHz.  Since the full multiplex represents 1680 carriers, the corresponding power of the full multiplex would be 40.3 dBm over the full multiplex in the 6 MHz channel.  This corresponds to a margin of 10.3 dB above the 1 W conducted power allowed for the fixed TVBDs.  If one wants to use the full 4 W EIRP to transmit one sub-channel in the upstream (28 carriers for a capacity of 48 kbit/s, e.g., VoIP), the PSD in the peak 3 kHz will be 60 times or 17.8 dB more than that for a flat spectrum, this is 7.5 dB more than what is specified.  The 10.3 dB margin would allow for the transmission of a minimum of 6 subchannels by a CPE at 4 W EIRP while still meeting the 8 dBm PSD in 3 kHz.  This represents an upstream capacity of 288 kbit/s for a regular upstream transmission (every frame).
However, according to Part 15.247b, “the signal is averaged across all symbols in the signaling alphabet when the transmitter is operating at its maximum power control level”.  This may allow the averaging of the power over the randomly assigned carriers in the OFDM signal.  Furthermore, the FCC has specified an averaging method in its R&O 08-260 which should result in a lower spectral power density corresponding to a randomized flat spectrum over the full channel.  In such case, the signal PSD would be the same as for the flat spectrum and would not limit the minimum number of sub-channels transmitted.
If a 3 kHz PSD limit is specified, there would not be a need to specify a minimum bandwidth because narrower bandwidth signals would need to reduce their power.  However, narrowband signals could be interpreted as wireless microphone signals by sensing.
E- RF mask

The RF mask should be defined relative to the total power in 6 MHz rather than relative to the PSD in the reference bandwidth [100 kHz] as stated in paragraph 10 to preclude the allowable out-of-band emission levels from increasing when the transmission is concentrated in a narrower bandwidth, i.e., the PSD in the 100 kHz is higher (re: 15.709 c1&2).  A transmission narrower than the channel bandwidth (6 MHz) would be allowed to increase its first adjacent PSD by the same amount as its in-band PSD increase since the current mask defines the -55 dB level relative to the maximum PSD in 100 kHz within the 6 MHz TV channel.
802.11 is looking at the possibility of defining the RF mask in the first adjacent channel in terms of absolute power for low-power personal/portable devices.  The absolute power level, if the same value is used, would be too restrictive for the higher power fixed devices (10*log(4/0.1)= 16 dB).  Presentation of the “RF mask exercise” in document: 22-09-0053-00-0000-TVBD interfering into DTV adjacent channel.xls
There is a need to develop a position stating that 802.22 agrees that channels N+/-1 will never be used by fixed devices inside the TV protected contours and the related separation distance because of the large EIRP involved creating primarily leakage into the TV receivers due to filtering limitations.  The level of power in the adjacent channel of a fixed device will therefore never generate interference to TV operation on adjacent channels.  This adjacent channel level should therefore be dictated by separation distances to wireless microphone operation (much smaller than in the co-channel case) and efficient use of spectrum bamong unlicensed TVBDs.
This is inconsistent with what is indicated in para. 178 and 170 where the FCC states that it “will remain open to possible solutions for operating the higher power fixed devices on adjacent channels and will revisit this matter if such a solution is developed.” and para. 178 where operation on adjacent channel would be possible if only much higher field strengths are to be protected (-84+27= -57 dBm which is equivalent to 68 μV/m).  802.22 should clearly state that such higher power operation in adjacent channel is not feasible from an engineering standpoint.  As a consequence and consistent with this position, the first adjacent channel RF mask should be allowed to be relaxed (e.g., -30 dBr or -47.5 dBc) for ease of manufacturing and then meet the Part 15.209a levels for alternate channels and beyond, unlike what is proposed in para. 236.

The assumption by the White Space coalition that protection of low power DTV reception in high power field strength areas (closer to the DTV transmitter) is not needed seems to be erroneous.  DTV reception should be protected anywhere within the protected contour as long as the field strength is higher than 41 dBμV/m as stated in Para. 81 and 168.

According to Para.173, DTV adjacent channel operation would only need to be protected from outdoor personal/portable operation in areas where the received DTV signal level is above –73 dBm (corresponding to field strength higher than 52 dBμV/m) rather than the normal protected level of –84 dBm (41 dBμV/m).  Should this also apply to fixed TVBD operation?   Should this also be the DTV level to be protected from out-of-band emission from fixed devices?  Some clarification is needed.

F- The sensing threshold for wireless microphones should be -107 dBm rather than -114 dBm

IEEE 802 believes that the proposed -114 dBm sensing threshold is too low and results in the sensing device very often wrongly detecting the presence of wireless microphones.  The original proposal from 802.22 was –107 dBm and we still believe that this threshold would adequately protect the incumbents. (There are some doubts on this.  See the next section.) This higher threshold would help to avoid the problem of false detection of non-existent wireless microphones due to the presence of spurious and noise in the channel, as well as an easy denial of service attack resulting from the presence of very simple RF oscillators in the channel.  Having a minimum bandwidth of 500 kHz as proposed above would also prevent other unlicensed devices being erroneously detected as wireless microphones.

There is no way for sensing to differentiate between a legal Part 74 device and any other narrowband signals sources such as spurious signals as allowed by Part 15.209a since the specified threshold is 33.5 dB below the permitted level from a source at a 10 m distance.  Additionally, the  –114 dBm sensing threshold is comparable to the level of man-made noise in the bandwidth authorized for Part 74 devices.
G- Use of the 802.22.1 wireless microphone beacon

The 4 W fixed TVBDs with their larger radius of interference need to sense wireless microphones over a larger area and this cannot be done reliably by simply sensing wireless microphones with their typical low power and high variability, especially in the case of wearable units.  802.22 has developed a special digitally modulated beacon that can be operated as a Part 74 device at 250 mW and over a bandwidth of 77 kHz in a specific microphone sub-channel in the TV channel to signal the presence of wireless microphone operation in the area.  The 802.22.1 beacon has reached the stage of sponsor ballot in the IEEE 802 and will likely become an approved standard soon with manufacturers producing it soon if the need arises, i.e., if the regulators ask for it.  The beacon has been designed to provide protection for Part 74 wireless microphones from unlicensed devices at EIRP up to 4 W and for any sensing and transmission antenna heights because of the reciprocity of the transmission path.
Detailed propagation analyses have shown that, considering the reciprocity of the RF path between the interfering and sensing CPE and the 802.22.1 beacon, with an extra 6 dB margin for frequency selective fading due to the narrower bandwidth of the beacon compared to the 6 MHz bandwidth of the TVBD signal, the sensitivity required to detect this 802.22.1 beacon needs to be –116 dBm so that the sensing range of the 4 W EIRP TVBD is at least equal to its interference range.  The 802.22.1 beacon has been developed with this goal in mind.  By extension, it can be shown that sensing a 10 mW wireless microphone would miss the above target by 14 dB.  Furthermore, typical wireless microphone applications assume an additional 27 dB attenuation due to body absorption and multipath.  Trying to protect wireless microphones by sensing them would then miss the target by 14 dB to 41 dB for 4 W EIRP fixed TVBDs and 0 dB to 27 dB for 100 mW personal/portable TVBDs.  Sensing the 802.22.1 beacon would avoid this reliability problem.
[image: image1.wmf]-130

-125

-120

-115

-110

-105

-100

-95

0.1

1

10

100

Minimum sensing time (ms)

Sensing threshold (dBm)

TG1

certificate

TG1

signature

TG1 information

(FEC encoded)

Sync and index

8-chip spreading

sequence

1 - Energy detection

1 - Energy detection correlated on spread sequence


The use of the 802.22.1 beacon with its specific digital signature also avoids the problem of wrongly detecting wireless microphones due to the presence of spurious and noise in the channel.  Note that the level of spurious and out-of-band emission allowed in Part 15.209a is 33.5 dB above the proposed –114 dBm sensing threshold for any radiating device located at a distance of 10 m. The –114 dBm threshold therefore is in the range of man-made noise.
Since there is no modulation format enforced by the FCC R&O, it will be very easy to create a Part 15 device with a "microphone signature" included in its spectral output (such as a narrowband modulated carrier transmitting useful data so that it would not be considered as wilful jamming) to capture a band as a pseudo-incumbent, and gaining some form of "priority access" on the medium by making the other Part 15 devices believe that there is active wireless microphone operation in the area while none is present, 
Furthermore, wireless microphone sensing would lead to excessively easy denial of service resulting from mocked wireless microphone signals or even the presence of very simple, very low power and easily accessible RF oscillators in the TV channel.    Such denial of service for TVBDs would be rendered more difficult with the digital encoding and spectrum spreading schemes as well as authentication and certification included in the 802.22.1 beacon.
The use of an 802.22.1 beacon would also ease the requirement for the sensing time as discussed in the following item and the 60 sec. proposed in the FCC R&O would become a reasonable requirement since the microphone operator on news crew would normally turn on the beacon a few minutes before being “on-the-air”.

802.11 plan to mention to the FCC that there is no way to differentiate between a legal Part 74 device and an unlicensed wireless microphone operation.
802.11 indicate: “…it is impossible to sense whether or not a wireless microphone is being operated by a part 74 licensee or is being operated without a license. The vast majority of mics in use today do not enjoy protection. The only technically feasible way for the FCC to address this issue is to have licensees enter geolocation information in the database and then require that WSDs receive relevant database updates more frequently.”.  The 802.22.1 beacon would provide a reliable alternative to the Part 74 wireless microphone operators besides having to keep the database up-to-date.
H- Part 74 devices need to be sensed within 2 seconds, not 60 seconds

The timing parameters proposed for wireless microphone sensing are different than the ones that were determined in the 802.22 Functional Requirement Document (e.g., sensing every 60 sec. versus 2 sec., channel move time is 2 sec., see 15.711c4&5).   The IEEE 802.22 is still to work on the basis of 2 sec. sensing.  802.18 would need to support the 2 sec. rather than 60 sec. in order to protect broadcast operation, consistent with our previous statements.   In summary, IEEE 802 propose to stick to 2 sec. sensing repetition time at the proposed sensing level of –107 dBm.
802.11 could go with 10 sec. but not 2 sec. because of their idle time requirement and for energy management.
I- Synchronized quiet periods are necessary for incumbent sensing

IEEE 802 would like to bring to the attention of the Commission that, in order for RF sensing to be successful in TV white space where different TVBDs will operate, these devices will have to observe synchronous quiet periods to allow sensing of Part 74 devices that otherwise would be masked by other nearby TVBDs.  Such masking would occur due to co-channel and adjacent channel transmissions by TVBDs or out-of-band emissions from closer-by TVBS, hence TVBDs operating on any TV channels should use the same synchronized quiet period pattern.  Since such devices may not all comply to IEEE 802 standards,  the commission should consider specifying a common timing for such quiet periods for RF sensing purposes, which could be based on the rising edge of the GPS 1-pulse-per-second, since that is the most practical means of both providing geolocation and timing information and is ubiquitously available.
802.11 opposes the common quiet periods based on a strange argument:  “Disagree with 802.22 position. Outdoor operation over tens of square kilometers does not give a priority or right compared with indoor operation in Part 15. Just as individual LANs operating in radar bands must cease operation in order to be certified, the same should be true in TV white space.” This does not stand ground.  802.22 does not ask to have priority over 802.11, it only asks that all devices be quiet at the same time in order to be able to sense broadcast incumbents. (See 11-09-239r1)
CONCLUSION

We recognize that permitting operation of unlicensed devices in the TV band is a complex issue requiring carefully thought out rules to avoid interference with licensed systems. Our intention is to provide the Commission with our best engineering and technical assessment of the required changes in the current rules to allow for the most efficient and economical operation of fixed, specifically point-to-multipoint, systems supporting unlicensed WRAN operations in the TV band, while protecting incumbents in the band.etc…… 

Respectfully submitted,

Michael Lynch

	/s/

	Michael Lynch

	Chair, IEEE 802.18 Radio Regulatory TAG

	2221 Lakeside Blvd.

	Richardson, TX 75082

	(972) 684-7518 

	freqmgr@ieee.org


Annex A

Propagation model applied to the calculation of separation distances to TV protected contour

We also note in para. 181 that the FCC curves from Section 73.699 of the Rules are used for a transmit antenna height of 30 m and the Okumura propagation model is applied for lower antenna heights.  It was found in our discussions that the Okumura propagation model is not well suited for non-urban areas and for antenna heights below 30 m.

The ITU-R P.1546 propagation model which contains the original FCC propagation curves (Section 73.699 of the Rules) and which has been updated successively to, among other things, extend the model for lower antenna heights has been used to obtain the new separation distances shown in the new proposed Table below.  

Calculation of separation distances to the protected TV contours

Analysis of the separation distances shown in Table 3 allowed the IEEE 802 to conclude that the predictions were made based on the following assumptions:

· Interference probability: F(50,10)

· TVBD EIRP: 4 Watts

· DTV field strength to be protected: 41 dBμV/m at mid-band UHF (Ch. 38, 617 MHz)
· Co-channel D/U: 15 dB , adjacent channel D/U: -33 dB

· DTV receiving antenna discrimination: 0 dB

It is recognized that the co-channel interference from fixed TVBDs will specifically affect DTV reception at the edge of the coverage areas and that the two following aspects need to be considered in the calculation of the required separation distances to the TV protected contours:

· OET Bulletin 69 recommends an increase of the co-channel D/U for low DTV SNR conditions at edge of coverage from 15 dB to 23 dB.  This results in a reduction of the DTV receiver desensitization from 3 dB to 0.7 dB.

· It is understood that the DTV receiving antenna will be pointing inward towards the DTV transmit station while the interfering TVBD will be, by definition, outside the protected contour in the opposite direction, thus allowing the consideration of a DTV receiving antenna discrimination corresponding to the front-to-back ratio indicated in the OET Bulletin 69, that is 14 dB.
This would result in a tightening of the interference requirement of 8 dB from the co-channel D/U at the same time as a relaxation of 14 dB from the DTV receiving antenna, with a net 6 dB relaxation in the separation distance calculations.

It is proposed to replace the existing Table 3 in para. 181 and in section 15.712a2 with the new Table 3 below based on the following assumptions:

· Interference probability: F(50,10)

· TVBD EIRP: 4 Watts

· DTV field strength to be protected: 41 dBμV/m and mid-band UHF (Ch. 38, 617 MHz)
· Co-channel D/U = 23 dB, adjacent channel D/U= -33 dB

· DTV receiving antenna discrimination toward TVBD’s= 14 dB

· Propagation model: ITU-R P.1546-2 extrapolated up to free-space for distances less than about 1 km to be representative of rural environment.

	Antenna height of
Unlicensed Device

(AGL for personal/portable and fixed CPE, HAAT for fixed base station)

	Required Separation (km)
From Digital or Analog TV (Full Service or Low Power) Protected Contour

	
	Co-channel
	Adjacent Channel

	Less than 3 meters  
	6 km
	0.1 km

	3 – Less than 10 meters 
	6.9 km
	0.256 km

	10 – Less than 30 meters 
	10.8 km
	0.285 km

	30 – Less than 50 meters 
	13.6 km
	0.309 km

	50 – Less than 75 meters 
	16.1 km
	0.330 km

	75 – Less than 150 meters 
	22.6 km
	0.372 km

	150 – Less than 300 meters 
	32 km
	0.405 km

	300 – Less than 600 meters 
	45.7 km
	0.419 km

	600 – Less than 1200 meters 
	68 km
	0.426 km
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Abstract


This document contains text from 802.22 as input to 802.18 for a Petition for Reconsideration of the FCC’s Report and Order in the “TV Whitespace” docket.











� The IEEE Local and Metropolitan Area Networks Standards Committee (“IEEE 802” or the “LMSC”)


2 This document represents the views of IEEE 802.18.  It does not necessarily represent the views of the IEEE as a whole or the IEEE Standards Association as a whole.


� (reference the IEEE 802.18 January 2007 Comments)


� (reference FCC report)


� The 10m antenna height was driven by TV sensing and is not required for wireless microphone sensing since in the case of wireless microphones the RF path is reciprocal.


� An explanation of the assumptions, propagation models, and calculations used to derive the table is found in Annex A


� Note that for Part 74 device protection, higher antenna heights for fixed base station TVBDs will improve both coverage and sensing in a similar way since the RF parts are reciprocal.
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