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[placeholder for general introduction to the scope/work of IEEE 802.22]

While not specifically addressed by the Commission in this Notice, we would also recommend that the granularity of frequency channelization allowed for unlicensed systems in the TV bands be consistent with the 6 MHz channelization of TV broadcasting.  This is the basic channel unit in the developing IEEE 802.22 Standard and we believe that allowing further subdivision of the 6 MHz TV channels amongst systems would be counter-productive and detrimental to coexistence amongst systems.

[response to the Commission’s questions and tentative conclusions at para 17]
IEEE 802 agrees that the protection of incumbent operations in the TV bands is a more tractable problem when devices are limited to fixed operation.  We also believe that 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.

Therefore, we support the Commission’s conclusion that it can adopt rules to allow fixed low power operation on unused spectrum in the TV bands without causing harmful interference to authorized services and will, later in this response to the Further Notice of Proposed Rulemaking, provide responses to the Commission’s requests for further input on topics such as spectrum sensing, geolocation, control signals, and other items where the Commission has indicated that it needs further input in order to craft a complete and effective set of rules for TV band devices.
 [response to the Commission’s questions and tentative conclusions at para 18]
IEEE 802 notes that the IEEE 802.22 standard development project is limited, by the scope of its Project Authorization, to fixed point to multipoint systems (but not fixed point to point systems) to provide wireless broadband access.

No technical work has been done in IEEE 802 to support the feasibility of personal portable devices in the TV bands.  
In fact, the scope of the IEEE 802.22 standard development project was specifically limited to fixed point to multipoint systems to provide wireless broadband access because the Study Group that defined the scope of the project felt that that was the “best and highest use” of unused TV band spectrum and essentially agreed [with the Commission’s conclusions in this proceeding] that non-fixed devices generally pose a greater risk of harmful interference to authorized operations than fixed devices for the same reasons cited by the Commission in this proceeding.

.
[response to the Commission’s questions and tentative conclusions at paras 26-32]
IEEE 802 believes that the most efficient and economical model for bringing the benefits of additional use of this spectrum to the public is the unlicensed model, with the caveat that for fixed access base stations there should a requirement for registration of base stations’ location, technical parameters, and contact information for the base station operator in an online database to allow licensed incumbents to rapidly identify and contact a base station operator to facilitate prompt resolution in the event of interference. 

However, a very “light touch” licensing scheme (similar to the Commission’s approach to licensing in the 3650-3700 MHz band), while less desirable than an unlicensed regime, might, under the right conditions, be acceptable for fixed access base stations (but not their associated user premises terminals) if the Commission deemed it to be absolutely necessary.  Such a licensing scheme should be non-exclusive, should not involve auctioning or segmentation of the spectrum, and should present the minimum barriers to entry.

[ref to ex parte???]

[response to the Commission’s questions and tentative conclusions at para 33]
IEEE 802 believes that spectrum sensing should not only be allowed, but required as a means to determine the availability of unused frequencies in the TV bands.  

However, while we believe that spectrum sensing is essential, we also believe that sensing alone is insufficient to assure the required level of interference protection for licensed services and that a geolocation/database component and transmitter power control (“TPC”) with a considerable range are also essential components of a viable cognitive radio approach to meeting the requirement of operating on a strictly non-interfering basis to the licensed incumbents.

 [response to the Commission’s questions and tentative conclusions at para 34]
IEEE 802.22 is working, with significant participation by the incumbent licensees, to develop the necessary standards and test procedures (including those related to sensing) along with pass/fail criteria for these devices.  
IEEE 802 agrees that a comprehensive testing and certification plan is essential to assure that the Commission only authorizes devices for use in the TV bands that will truly coexist with the incumbent licensed services without causing harmful interference.

As stated elsewhere in these comments, we do not believe that sensing alone is adequate, but that a combination of sensing, a geolocation/database component, and transmitter power control (“TPC”) with a considerable range of are also essential components of a viable cognitive radio approach to meeting the requirement of operating on a strictly non-interfering basis to the licensed incumbents.

 [response to the Commission’s questions and tentative conclusions at paras 35-37]
The Commission states (at para 37)   “We observe that IEEE 802.22 is considering different threshold detection levels depending on the nature of the source signal, with levels as low as ‑116 dBm.” and  invites comment as to this value or alternative values for the detection threshold.
To clarify, IEEE 802.22 has considered different thresholds for TV and Part 74 devices, based on initial feasibility studies, and further work is ongoing in this area.  

For protecting low power licensed devices operating under Part 74 of the Commission’s rules, we have adopted a sensing threshold of -107 dBm (total power in the 200 kHz bandwidth allowed for Part 74 devices). This value is seen as a “practical best effort” threshold, based on the need to rapidly detect Part 74 devices, whose operation is intermittent and which cannot tolerate disruptive interference during live audio feeds (once the moment is gone, it is gone forever).  Because this threshold is a “practical best effort,” it is possible for a 4W EIRP unlicensed device (e.g., an 802.22 user terminal) to have an interference range that exceeds the range at which it could autonomously sense a low power Part 74 device, most of which operate in the 10-50 mW power output range and employ relatively inefficient antennas for a variety of practical considerations.

Because of this, IEEE 802.22 has a companion project, IEEE 802.22.1 in progress, which is defining a new standard for enhancing the protection of low power licensed devices operating under Part 74.  The technical direction of 802.22.1 is for a self-organizing network of “beacon” devices to be operated as licensed Part 74 devices within the technical constraints of Part 74.  These “beacons” would operate at somewhat higher powers than the typical 10-50 mW wireless microphone (but not more than the 250 mW Part 74 limit) and would also enjoy the benefits of more efficient and better placed antennas than are possible in handheld or body-worn Part 74 devices, thereby providing a signal that could be much more easily recognized by 802.22 fixed access systems to provide an appropriate “bubble of protection” around areas where licensed Part 74 devices are operating.

For DTV broadcasting, we have adopted a sensing threshold of -116 dBm (total power in the 6 MHz bandwidth used by TV broadcasting).  This was based on an initial analysis and IEEE 802 filing [ref initial comments] of what could be theoretically possible if one were sensing the DTV pilot at about ~-127 dBm in a narrow (e.g., 10 kHz) bandwidth with a 1 ms integration time.  (NTSC is theoretically easier to detect, since its visual and aural carriers contain a considerable amount of the total power in the channel, whereas the DTV pilot carrier in ATSC is 11.3 dB below total power in the 6 MHz channel.)

However, as work has progressed in IEEE 802.22, a number of alternative sensing schemes have been proposed and are being evaluated at this time to quantify their efficiency, effectiveness, and relative complexity.  It is intended that the results of these evaluations, as well as further analysis and simulation of the benefits of distributed sensing across an entire 802.22 network “cell,” will be used to determine the optimum tradeoffs in terms of sensing threshold, probability of missed detection, probability of false detection, etc.,  while assuring the appropriate level of protection from interference to incumbent licensed services, and that some adjustment in our recommended sensing thresholds may result.

. 

[response to the Commission’s questions and tentative conclusions at para 38]
The IEEE 802.22 Standard will require that 802.22 compliant fixed access devices use outdoor antennas (both the transmit/receive antenna(s) and the sense antenna, mounted at a nominal height of 10m above ground (base station antennas may be considerably higher but will be in controlled locations and generally farther from potential victim receivers, e.g. on a mountain-top communications site).  

The use of outdoor antennas well above ground level will help to assure that incumbent sensing ability is optimal and allows some correlation with the Commission’s TV planning factors and propagation assumptions.  It will also, in most cases, remove the transmit antennas from close proximity to TV receivers, which will reduce the likelihood of problematic levels of  “ingress” interference (signals entering the TV receiver through unintended paths).

Finally, the use of directional transmit antennas at the user terminals will have the effect of minimizing the area of potential interference by directing the transmitted signal power toward the base station and away from the protected contour of co-channel and first adjacent channel TV stations.
.
[response to the Commission’s questions and tentative conclusions at para 39]
IEEE 802 notes that the IEEE 802.22 Standard is being designed to incorporate a combination of sensing (distributed across the network “cell” with centralized data analysis); positive control of channel usage, power, and modulation characteristics from the base station; and geolocation/database techniques to assure that our systems will not cause harmful interference to the licensed incumbent services.  

IEEE 802.22 user terminals will, by design, be prohibited from transmitting on any channel unless they have received control signals in the downstream direction from an 802.22 base station, informing them of which channels may be safely used in the area.

Additionally, all 802.22 user terminals will use both random idle time and scheduled times as directed by commands from the base station with which they are associated, to scan not only the operating channel but many other channels for activity, either from licensed services or from other 802.22 systems, and inform the base station of their findings.  

This will allow 802.22 base stations to develop and maintain a “map” of available channels within their coverage area for the purpose of being able to rapidly move the network, or a portion thereof, to another channel should it become necessary to avoid causing interference to licensed services.  (The base station will also sense during “quiet periods” on the channels that it is using, but sensing information from all of the user terminals is imperative for the most reliable sensing possible.)
[response to the Commission’s questions and tentative conclusions at paras 40-41]
IEEE 802 notes that the IEEE 802.22 standard will require that the unlicensed system employ Dynamic Frequency Selection (DFS) which defines the behavior and parameters that an IEEE 802.22 system will use for sensing and then vacating channels used by licensed incumbent services.  In developing the DFS parameters, IEEE 802.22 considered the parameters used in 5 GHz band to sense military radar systems and adapted those numbers for the types of incumbent services that operate in the TV broadcast band (e.g., TV broadcasting and Part 74 devices such as wireless microphones).

IEEE 802.22 has determined that, in order to provide adequate protection for wireless microphones, a channel must be checked for incumbent signals every 2 seconds.  This is based on the itinerant and intermittent nature of wireless microphone use, which cannot tolerate even short amounts of interference and thus requires rapid detection and subsequent channel relocation of the 802.22 system.  
It is not necessary to check for the presence of a DTV station that frequently since it is not expected that broadcast stations will change very much once established on their post transition channel assignments.  Indeed, a check time of 10 seconds or even longer is likely more that adequate for DTV. 
However, the need to effectively detect Part 74 devices was the limiting factor at the time these requirements were developed.  IEEE 802.22 may refine these DFS parameters as it considers further system simulations and actual test results.  
The currently required DFS parameters are shown in the table below. [Reference parameter definitions in rules].

	DFS Parameter
	Value for Part 74 Devices
	Value for TV Broadcasting

	Channel Availability Check Time
	30 sec (recommended)
	30 sec (recommended)

	Non-Occupancy Period (minimum)
	10 minutes (recommended)
	10 minutes (recommended)

	Channel Detection Time
	<=2 sec to >=90% Probability of Detection with a False Alarm rate of <=10%
	<=2 sec to >=90% Probability of Detection with a False Alarm rate of <= 10%

	Channel Setup Time
	2 sec
	2 sec

	Channel Opening Transmission Time (Aggregate transmission time)
	100 msec
	100 msec

	Channel Move Time (In-service monitoring)
	2 sec
	2 sec

	Channel Closing Transmission Time (Aggregate transmission time)
	100 msec
	100 msec

	Incumbent Detection Threshold
	-107 dBm (200kHz BW)
	-116 dBm (6 MHz BW) for DTV


[response to the Commission’s questions and tentative conclusions at para 42]
While it is clear that co-channel operation within the noise limited protected contour of a DTV station is not feasible, IEEE 802.22’s studies and analysis have determined that operation on first adjacent channels within the noise limited protected contour of a DTV station is also not feasible.  The IEEE 802.22 Standard will, therefore not allow co-channel operation or operation on first adjacent channels within the contour or for a nominal “keep out” zone beyond the edge of the contour. There are two reasons for this.  

First, to keep the emissions in the first adjacent channel (to a channel occupied by DTV) sufficiently low to not cause more than 1 dB of desensitization to DTV receivers operating at or near the noise limited protected contour (or in areas of weaker signals within the contour) would require onerous filtering and other measures in the unlicensed devices, with unacceptable impacts on device size, cost, power consumption, etc.  

Second, the “other edge of the sword” is that the allowable emissions in the first adjacent channels from ATSC DTV transmitters is sufficiently high to render those channels unusable by low powered unlicensed devices over virtually all of the noise limited protected contour (and even somewhat beyond in some cases). 

Therefore, IEEE 802 recommended to the Commission in an earlier ex parte presentation [reference it] that the Commission not allow operation on first adjacent channels to a channel occupied by a DTV station within its noise limited protected contour and we remain firm in that recommendation.

 [response to the Commission’s questions and tentative conclusions at para 43]
While wider receiving bandwidths mean higher noise floors, in actuality the studies conducted in IEEE 802.22 indicate that the unique spectral features of both NTSC analog TV and ATSC DTV can be exploited in a variety of ways to make it possible to detect them at lower levels in the 6 MHz TV channel than is possible for the more random spectral signature of part 74 devices in their 200 kHz maximum bandwidth.  (The analog FM spectrum of the vast majority of Part 74 devices does not have consistent, predictable spectral features.) 
The -107 dBm (in a 200 kHz Part 74 channel bandwidth) and -116 dBm (in a 6 MHz TV channel bandwidth) thresholds under consideration by IEEE 802.22 are referenced to the total power in the respective bandwidths.  Various sensing techniques may employ more narrow effective sensing receiver bandwidths, but we believe that the best and most uniform way to specify sensing thresholds is to reference them to the total power in the respective channel bandwidths of the potential victim receivers (e.g., 6 MHz for TV signals and 200 kHz for Part 74 signals).

[response to the Commission’s questions and tentative conclusions at para 44]
The conclusions of studies in IEEE 802.22 indicate that the sensing antenna should have a minimum gain of 0 dBi, assuming that it is omnidirectional in azimuthal coverage, but we believe that the Commission’s rules should not preclude alternative approaches as long as they can be conclusively demonstrated to provide equally effective, or superior, sensing performance (e.g.,  an electronically rotated gain antenna that has relatively high gain and achieves the effect of omindirectional coverage by scanning in 360 degrees of azimuth).

Additionally, no matter what the directional gain in transmit, IEEE 802.22 fixed access user terminals obviously will not exceed the regulatory maximum EIRP (currently proposed as 4W EIRP) and focusing that power in the desired direction – away from the DTV station’s protected contour – and limiting off-axis power will actually reduce the probability of and potential sphere of interference [intend to supply reference to a 15.247 proceeding from earlier days and a 24GHz proceeding].

Requiring fixed access user terminals to employ antennas (both sensing and transmit/receive) at a nominal height of 10m improves sensing effectiveness.  It also increases the distance from TV sets, reducing the likelihood of unacceptable levels of signal ingress into TV sets through unintended paths.

Additionally, higher antenna placement will in many cases reduce the transmit power required to maintain link quality with the base station, resulting in an automatic reduction in transmitter power output via TPC.

We do not believe that the Commission should impose a maximum antenna height limitation or require a reduction in allowable EIRP if antennas are installed at heights greater than 10m, because in rural areas there may be situations where a higher antenna installation would be desirable and such an installation would both further increase the distance from potential victim TV sets and improve incumbent sensing effectiveness.

.
[response to the Commission’s questions and tentative conclusions at para 45]
IEEE 802 believes that, while suitable in the 5 GHz sharing environment, in the case of TV band devices the 6 dB TPC power reduction (and no TPC requirement if limited to 3 dB below the maximum permissible power) provisions that were enacted in the 5 GHz rules are inadequate.

The 5 GHz rules on this subject were substantially designed to protect the Earth Exploration Satellite Service by reducing the received aggregate power on-orbit by 3 dB on average (devices already 3 dB below the maximum permissible power, along with the assumption that, on average, with some devices operating at the maximum permissible power and some devices operating 6 dB lower, there would be an effective 3 dB reduction in on-orbit aggregate received power).

The situation in the TV bands is very different and IEEE 802.22 has adopted a requirement that all user terminals have a TPC range that allows reduction from the maximum permissible power to a level 30 dB lower with a 1 dB step granularity.   

We believe that this is both a necessary and practical requirement and urge the Commission to adopt this recommendation. 

User terminals operating close to the base station will need far less than the maximum permissible power to maintain effective communications and should not employ more power than is necessary in the interest of minimizing interference potential to the maximum degree.  

Adopting this approach will not only assure the maximum possible degree of protection to licensed services in the TV bands, but will also facilitate coexistence between unlicensed devices and increase the efficiency of their spectrum utilization.
 [response to the Commission’s questions and tentative conclusions at para 46]
IEEE 802 supports the Commission’s proposal to require a master/client (or “master/slave”) model.  The IEEE 802.22 Standard will have all user terminals (clients/slaves) under the total control of the base station (the master).

IEEE 802.22 user terminals will, by design, be prohibited from transmitting on any channel unless they have received control signals in the downstream direction from an 802.22 base station, informing them of which channels may be safely used in the area.  Additionally 802.22 base stations will control the transmitter power (enforce TPC), modulation parameters, and transmission timing of all user terminals that are associated with them.

[response to the Commission’s questions and tentative conclusions at para 47]
IEEE 802 notes that the IEEE 802.22 Standard is being designed with extensive attention to maximizing its efficiency of spectrum utilization by including explicit and comprehensive inter-system coexistence protocols and mechanisms to insure equitable sharing of channels between systems with overlapping coverage areas. These features will both prevent a single system whose coverage area overlaps with another IEEE 802.22 system from unfairly monopolizing the use of a channel (whether operated by the same party or not) and maximize the capacity available to serve the public.

We do not believe that the Commission should enact any restrictions on the duration of transmissions or duty cycle, since we believe our sharing and coexistence protocols render such restrictions unnecessary.  However, since the possibility exists that the Commission might allow other, non-802.22 systems to enter the band, we would recommend that any such systems be required to employ comparable and compatible sharing and coexistence mechanisms in order to meet the Commission’s apparent intent to promote effective sharing of the TV bands.

[response to the Commission’s questions and tentative conclusions at para 48]
IEEE 802 supports the Commission’s effort to conduct extensive testing as part of the process to develop technical rules and compliance measurement procedures prior to authorizing unlicensed devices in the TV bands. 

To advance the Commission’s goal, IEEE 802.22, through its Spectrum Sensing Ad Hoc Group, is currently developing a uniform testing methodology to evaluate the sensing threshold performance of these unlicensed devices. The IEEE methodology uses off-air TV signals captures to evaluate the various sensing proposals and evaluate them using simple pass/fail criteria. Once finalized, the methodology could be made available to the Commission for use as interim measurement procedures to aid in its development of the final compliance measurement procedures.

While IEEE 802 agrees with the Commission’s finding that the use of the 5 GHz U-NII test procedures for sensing incumbents in the 5 GHz band may not be appropriate in the TV bands, we disagree with the Commission’s statement or tentative conclusion that it is simpler to detect signals from the types of devices operating in the TV spectrum than for radars. 
In the case of 5 GHz radar systems, the ability of an unlicensed device to detect a radar signal directly translates into the ability of the unlicensed device to protect that radar system. In contrast, the ability of an unlicensed device to detect a TV signal does not directly translate into the ability to protect nearby TV reception. They are completely different problems. 
Protecting a 5 GHz radar receiver is technically easier than protecting DTV reception.  Some of the factors that make the 5 GHz protection scenario technically easier and less critical than protecting DTV reception are: a) The radar receiver to be protected is usually co-located with the radar transmitter whose emissions can be “sensed” making protection of the radar receiver relatively easy and straightforward technically.  In contrast, TV receivers are not co-located with the TV transmitter but rather are located throughout the TV station’s service area.  
For protection of TV reception, there is no signal that can be sensed practically and economically by an unlicensed device to tell the unlicensed device how close it is to a TV receiver.  

While the radar signal is bursty and non-continuous, the sensing threshold level for a radar signal is -64 dBm. In contrast, the proposed sensing threshold signal level for DTV detection is -116 dBm in 6 MHz -  a very weak signal when compared to a radar signal. Detection at weak signal level conditions is  generally more challenging than detection of strong signals.

Sensing antennas for unlicensed devices at 5 GHz are small, but efficient and have a relatively uniform performance across the 5 GHz spectrum. In contrast, building a small, efficient and practical antenna that operates with a uniform antenna performance across the VHF and UHF TV channels is extremely difficult and complex.  (This antenna size/performance issue will obviously present a greater challenge to personal portable devices because of the size constraints that such devices will present, compared to fixed access devices with outdoor antennas, which can employ antennas that are physically much larger than antennas that would be practical for personal portable devices.)
 [response to the Commission’s questions and tentative conclusions at para 49-51]
IEEE 802 believes, based on the work done to date in IEEE 802.22,  that geolocation/database go hand in hand with sensing, master/client, TPC, etc. to form the complete package of cognitive radio features necessary to assure the appropriate levels and robustness of incumbent protection and promote efficient sharing and coexistence between multiple systems of unlicensed TV band devices.

We believe that the idea of assisted GPS to facilitate indoor operation is fundamentally flawed, since unlicensed devices are unlikely to be capable of sensing adequately indoors and should therefore not operate indoors.

IEEE 802 has previously recommended to the Commission that fixed access base stations be required to be professionally installed – a requirement that should include proper site surveys, propagation/coverage predictions, and geolocation of the base station.

The IEEE 802.22 Standard will include means to determine the location of user terminals associated with each base station to meet all of the requirements for incumbent protection and sharing/coexistence amongst IEEE 802.22 systems.
 [response to the Commission’s questions and tentative conclusions at para 52-55]
IEEE 802.22 base stations inherently transmit such control signals to all associated user terminals (the clients in the master/client model).

Need to add more description of this and also the database aspect …

22.1 beacon is also a control signal …

 [response to the Commission’s questions and tentative conclusions at para 56]
While we agree that personal portable devices, if authorized by the Commission, should not be allowed to use channels 14-20 because personal/portable devices are easily transported and used anywhere  (i.e., their deployment is totally uncontrolled), disallowing the use of unused spectrum by fixed access devices, whose deployment can be controlled, does not promote efficiency of spectrum utilization. Given that there are large expanses where channels 14-20 are not used by PLMRS/CMRS, IEEE 802 recommends that that unused spectrum not be “taken off the table” nationwide for fixed access devices, but that such use be precluded only in the areas where it is in use by licensed services.

[ref to the protection areas in Pt90 and indicate comparable protection areas for systems operating under waivers outside of the 13 markets identified in Pt90]  
[response to the Commission’s questions and tentative conclusions at para 57]
IEEE 802 recommended in its comments on the original NPRM [reference] that channels 2-4 should be precluded from use due to interference issues – many devices, cables can be pretty poor, etc.

As for how long this will be valid, don’t know … SVIDEO and digital interfaces are becoming pretty pervasive, but some folks hold on to TV sets for a LONG time – but the transition will hopefully prompt folks to buy DTVs which are more likely to have non-RF interfaces … maybe we can get some input from CEA on this???]
 [response to the Commission’s questions and tentative conclusions at para 58]
 [802.22 will provide material outlining the 802.22 applications and discussing the implications of licensed vs. unlicensed]

[response to the Commission’s questions and tentative conclusions at para 59-63]
 [802.22 will provide material outlining the out of band emissions and proximity to TV receivers (ingress) issues]

 [response to the Commission’s questions and tentative conclusions at para 64]
 [response to the Commission’s questions and tentative conclusions at para 65]
For IEEE 802.22 fixed access systems, professional installation of base stations at known locations and the use of geolocation/database techniques will effectively preclude operations in border areas by IEEE 802.22 systems until such time as border area agreements are reached.
Don’t know how to assure this for portable devices …
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Abstract


This document contains the initial input of 802.22 to 802.18 for comments on the FCC’s “TV Band Proceeding”. 





It is expected that .22 may have additional input or modifications to this material for .18 and our understanding is that .18 will not finalize comments to the FCC until the end of the January 2007 session in London.





.22 will work with .18 between now and the end of the January 2007 session in London to refine and finalize its inputs to the comments.
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