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802.22 Spectrum re-use mechanisms

In order to help the discussion in the 802.19 Study Group on TV White Space, it was felt useful to describe in a summary fashion the different spectrum re-use mechanisms that have been adopted in the 802.22 WG to maximize the spectrum usage in the TV White Space.

Incumbent protection

The first level of operation in the TV White Space is the protection of the broadcast incumbents as required by regulations.  For this purpose, the 802.22 WG has carried out an extensive study of various sensing algorithms that could detect DTV (ATSC and DVB-T) as well as analogue television (NTSC) and established the threshold levels that can be achieved for given probability of detection and probability of false alarm.

It also investigated what would be the requirements for the RF front-end for sensing these incumbents (horizontally polarized sensing antenna with an omni-directional pattern with a gain variation of no less than –1 dB and a minimum cable loss so that the sum of the omni-directional antenna gain and the cable loss is as close as possible to 0 dB.  The detector performance would otherwise need to compensate for lower values (the –14 dBm threshold in the FCC R&O refers to 0 dBi gain and no cable loss).

Investigation was also done relative to the detection of wireless microphone operation and the sensitivity requirement for the detector and the characteristics of the RF front-end, in particular the sensing antenna that would also need to capture vertically polarized signals with an omnidirectional pattern and be integrated in the TV sensing antenna.  Recognizing that the wireless microphone detection would be done only on a ‘best effort’ basis because of the low transmission power and the high variability of the microphone signal, especially when the microphone is body-worn (missing the sensing target of –114 dBm by as much as 40 dB), the 802.22 WG developed a new standard (802.22.1) for a beacon aggregation that will reliably signal the presence of nearby wireless microphones on the current TV channel, provide the geographic position and give different levels of authentication.

The 802.22 WG has also developed the internal routine and proposed an interface to work with an incumbent database accessible through the backhaul.  A document is being developed to describe the requirements and the expected interface as guidance for the TV White Space database group.

Self-coexistence

The second level of operation developed by the 802.22 WG is the self-coexistence among overlapping WRAN systems.  This second level of interference avoidance consists in two approaches.

The first approach is put in operation when there is sufficient TV channels to accommodate all WRAN systems in an area.  Spectrum etiquette is used to allocate different TV channels to the various WRAN systems, the first condition being to avoid that a TV channel is used by more than one WRAN system, the second being to avoid that the first backup channel for a WRAN system be the prime channel of another WRAN system to make sure that if an incumbent shows up, the affected WRAN does not end up moving to a channel already used by another WRAN, and the third condition being to avoid that two WRAN systems select the same backup channel to avoid an unnecessary double use of a TV channel following a channel change when incumbents appear.

The first condition of this etiquette mechanism is straight-forward while the second condition is a bit more elaborate but both can be implements based on a passive detection of the other WRAN’s.  However, the third condition in this etiquette mechanism requires information exchange among the overlapping WRAN systems.  This is done through the “coexistence beacon” being transmitted in an orderly manner at the end of some frames during the “self-coexistence window” (1 ms width along with 1/3 ms time buffers before and after the beacon burst to accommodate for the various propagation delays).

For example, the spectrum etiquette is implemented by detecting the operation of other WRAN systems before starting to operate and acquiring the list of backup channels from these existing WRAN systems through the "coexistence beacon", allocate a not yet allocated TV channel to the new WRAN system, and re-deploy the backup channels of all WRAN systems in order to meet conditions 2 and 3 above by a decentralized mechanism and exchange of information using the “coexistence beacon”.

The second approach in interference avoidance is applied when there is not enough TV channels to accommodate all WRAN systems in the same area.  Frame-based contention is then used with information exchange through the "coexistence beacon" among the WRAN cells to dynamically allocate each of the 16 frames of the superframes according to the instantaneous capacity needs of each WRAN cell using the same TV channel.  Every time a WRAN cell requires more frame to transmit its payload, it tosses a number and sends it to the neighboring WRAN cells which, in turn, toss their numbers and depending on whether these numbers is larger or smaller than the first one, frames are re-allocated or not to the requesting WRAN.  This way, changing capacity requirements among these overlapping cells can be accommodated through this contention-based scheme which uses the “coexistence beacon” to exchange the necessary information between these WRAN cells.

Coexistence among dissimilar license-exempt technologies

This level of spectrum re-use will tend to be more complex than in the previous cases because of the different technologies involved.  Similar principles as described above are likely to apply including a mechanism such as a “coexistence beacon” of some sort to exchane information among the various license-exempt technologies to maximize in a dynamic fashion the spectrum usage.

_______________________________________
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In order to help the discussion in the 802.19 Study Group on TV White Space, it was felt useful to describe in a summary fashion the different spectrum re-use mechanisms that have been adopted in the 802.22 WG to maximize the spectrum usage in the TV White Space. 
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