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WRAN Sensing Window

The size of the time window for sensing DTV and Part 74 wireless microphone beacons is critical with respect to the design of the WRAN system operating parameters and the capability to provide an adequate Quality of Service for real-time streaming services such as VoIP, and also to meet the sensing reliability requirements which will allow operation of WRAN systems without causing interference to the incumbents of the TV frequency bands.  Two major types of incumbent sensing exist:

· on-channel sensing: where the WRAN devices will sense on the TV channel that they utilize for transmission.  They will normally need to stop operation to sense whether incumbent systems are present in the channel.  The base station would have to stop transmitting and the sensing CPE and surrounding CPEs would have to stop transmitting during the sensing window.  Opportunistic on-channel sensing will be possible during the WRAN system idle times as long as it can be done during  limited sensing periods as explained below.  The same RF path or a different RF path than the one used for normal WRAN operation can be used for such on-channel sensing.  When the same RF path is used, a mechanism will be needed to reset the AGC loop when the operation goes from one type of operation to the other.
· off-channel sensing: where the WRAN devices will sense the presence of incumbents in a channel different than the one that they utilize for transmission.  In this case, the WRAN system may or may not need to stop its own operation during the sensing period.  The following cases can be identified:

· sense while transmit: if sufficient filtering can be implemented at the WRAN device, such as when the separation between the channel being sensed and the channel on which the WRAN system operates is sufficiently large, sensing could take place on the sensing RF path while the device is transmitting on the WRAN operating RF path.  This will require a separate sensing RF  path and may require special RF circuits due to the potentially large difference in signal level between the RF transmit chain and the RF sensing chain at the device.  The separate sensing RF chain would include a separate sensing antenna, RF front-end, filtering, down-converter and sensing device
.  Further work is needed to identify the amount of signal differential possible and the filtering requirement.
· sense while receive: if insufficient filtering can be provided because the channel separation becomes too small or no special attention is spent in isolating the transmit and sensing circuits, then off-channel sensing may not take place while the device is transmitting.  However, sensing may take place while the WRAN device is receiving. This would also require a separate sensing RF path. More information is needed to define the maximum signal differential between the input WRAN signal and the level of incumbent signal to be detected to allow simultaneous WRAN signal reception and off-channel sensing.  
· sequential sense and WRAN operation: if the channel separation is too small and no special attention is afforded in isolating the WRAN receiving and sensing circuits, then off-channel sensing may not take place while the device is receiving.  In this case, the same RF circuit could be used with a combined WRAN and sensing antenna and the WRAN decoder could be used to carry-out the incumbent sensing process (note that the FFT used for WRAN reception will not be able to decode the 80 kHz spread-spectrum TG1 beacon payload).  The normal WRAN operation may need to be interrupted (quiet periods) to provide sufficient time for off-channel sensing to meet the 2 second move time and verify the availability of the reserved back-up channel to secure proper channel change.
· opportunistic off-channel sensing:  as in the previous case, the same RF front-end and decoding circuits could be used for WRAN operation and for sensing since these operations would not happen at the same time. The scheduling of sensing periods could be done such that it happens during idle times of the WRAN operation, therefore not requiring interruptions in the WRAN operation (quiet periods).  However, the WRAN terminal would need to regularly go back to its WRAN operation to capture the frame synchronization and verify from the US and DS MAPs that it will indeed be idling during the upcoming frame.  These opportunistic sensing periods will need to be limited to specific sizes as explained below.

It can be seen that the cases where the WRAN operation needs to be interrupted to allow off-channel sensing depends on the attention that will be spent on the system design, the complexity of the RF circuits at the WRAN devices and the size of the sensing periods dictated by the performance of the sensing schemes proposed and the required probability of detection and false alarm.  It is clear that more the WRAN device can do while sensing incumbent signals, better throughput and reliability will the WRAN system be able to achieve.  Everything should be done to avoid that the WRAN system needs to include ‘quiet periods’ in its normal operation to carry-out off-channel sensing because this would quickly have a major detrimental effect on the throughput and the reliability of the system due to the potentially large number of channels to be sensed in a given period of time. The timing requirement for the off-channel sensing of DTV signals and Part 74 wireless microphone beacons is explored graphically in Figure 1 with respect to the WRAN frame structure.

A number of key maximum sensing periods can be defined based on the impact that they will have on the design of the WRAN systems and that of the Part 74 beacons.  These various key sensing periods and their impact are explored in the following list.

2.156 ms: this is the largest sensing window that would still allow normal unconstrained WRAN operation for off-channel sensing.  This corresponds to the minimum of 7 symbols (assuming the shortest cyclic prefix) required to acquire the channel state information in the downstream direction because the pilot carriers are spread over 7 symbols (see 22-06-0252-01-0000 WRAN_OFDMA_Parameters).  It covers the case where the CPE can sense another TV channel while receiving or transmitting on its own useful channel during the DS or US sub-frame respectively.  For on-channel sensing, the base station will have indicated in its DS-MAP at the beginning of the frame that no downstream transmission to any CPE in the same sector is to take place during the downstream sub-frame where sensing is to take place.  The base station could also have indicated that no CPE in the area would be allowed to transmit so that sensing can take place during the US sub-frame.  Indications are that this is too short a sensing period to capture an entire TG1 sync burst.  No information is available yet on the extent of the sensing period for detecting Tv operation.
3.123 ms: this is the minimum sensing window that will allow the capture of a TG1 sync burst, if the sync burst is composed of a single 15-bit synchronization sequence.  This short sequence would not include the TG1 beacon decreasing index that localizes the start of the payload to be detected (PSDU). It corresponds to slightly more than 10 OFDMA symbols for the shortest cyclic prefix.

4.06 ms: this is the sensing window that will allow the capture of an entire 24-bit TG1 burst period (as defined in the current TG1 draft, still under consideration).  It corresponds to slightly more than 13 OFDMA symbols for the shortest cyclic prefix.  It covers the case where the CPE can sense another TV channel during the downstream subframe while receiving its own useful channel.  In this case, in order to avoid the need for quiet periods, the downstream scheduling will need to operate with a minimum of 11 to 14 symbols depending on the extent of the cyclic prefix.  This also defines the shortest DS or US sub-frame size to be allowed for on-channel sensing of TG1 beacons.  This defines the shortest quiet period possible to fully capture the TG1 synch burst.  TG1 should strive to reduce this period as much as possible to reduce the constraint on the WRAN downstream scheduling.

9.25 ms: this is the largest sensing window that would still allow normal WRAN operation in the case where the CPE can sense on one channel while it is receiving and transmitting on another channel (frame period less the frame preamble and the FCH, DS-MAP,US-MAP symbols) or, if it cannot transmit at the same time, it can sense during the whole period if it has detected from the US-MAP sent by the base station at the beginning of the frame that it will not be allowed to transmit during this frame.  For on-channel sensing, the base station will have indicated that no downstream transmission is to take place on the downstream sub-frame and no upstream transmission will take place from the CPE of interest and the surrounding CPEs on the upstream sub-frame.  This 9.25 ms period may need to be reduced to make room for the time slot needed for inter-base station communication for co-existence purpose.  This may represent 2 symbols (747 μs) but not in all frames.
n x 4.06 ms: this is for the case where improved sensing reliability, i.e., increased probability of detection and probability of false alarm, can be achieved through a longer sensing time made of short non-contiguous sensing periods or repeated sensing times such as for the Part 74 beacon.  For off-channel sensing where the CPE can sense while receiving, some special scheduling requirement will be needed at the base station to make sure that no CPE starts to transmit before the end of this downstream period.  The sensing scheme will need to allow for such aggregation (e.g., energy detection). For on-channel sensing, the CPE will have to wait for the base station to indicate in its DS-MAP that the downstream sub-frame is empty for these additional sensing periods to take place.

n x 9.25 ms: this is for the case where a number of longer sensing periods is needed to achieve the required probability of detection and probability of false alarm.  For off-channel sensing where sensing cannot be done while the CPE is transmitting, the CPE will have to wait for frames where it does not need to transmit to augment the sensing time.  For in-channel sensing, the CPE will have to wait for an indication from the base station (DS-MAP and US-MAP) that the frame is empty to augment its sensing time (i.e., the base station does not neet to transmit during the DS sub-frame and will not allow CPEs in the area to transmit toward the base station).

> 10 ms:  for off-channel sensing, if the CPE can sense while it is receiving or transmitting on another channel, a full uninterrupted sensing period can be accommodated.  For on-channel sensing, a special mode of signalling above the normal frame structure (super-frame) would be needed to indicate to the CPE over which frames it is scheduled to sense.  During this period, both the base station and the CPEs will not be allowed to transmit.

Due to the disruptive nature of the last sensing window option (e.g., impact on real-time streaming services such as VoIP), it is the least suitable of all and every effort should be made to achive proper sensing using the shorter sensing windows either in a single mode or aggregated mode (use of multiple non-consecutive sensing windows) if the sensing reliability needs to be augmented.

The sensing scheme proponents should document the performance of their sensing schemes for the first three sensing window options and produce the relevant SNR, Pd and Pfa characteristics.  As a follow-up, they should indicate whether their sensing scheme is amenable to improvement in sensing reliability through cumulation of non-consecutive small sensing periods.

So far, the focus of the work from the sensing scheme proponents has been to try to achieve proper sensing at the lowest SNR possible.  Work should now concentrate more on trying to fit in the above sensing windows recognizing the need for improving the sensing reliability through cumulating additional sensing time through non-consecutive sensing windows scheduled or not by the base station, and by the collaborative sensing from a number of well selected CPEs based on their geo-location relative to the presumed origin of the signal since all this information will be available at the base station.  The sensing scheme needs to be considered more as a component of a more complex distributed sensing system than an independent device that, on its own, needs to meet the sensing requirement.

___________________________
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Figure 1:  Consideration of the sensing window for DTV and Part 74 beacon detection with respct to the WRAN frame structure
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Abstract


The system aspects of on-channel and off-channel sensing are explored with respect to the size of the required sensing period and for the cases where the WRAN system can continue normal operation or needs to stop (‘quiet period’) during the sensing process.  The size of the sensing window for sensing DTV and Part 74 wireless microphone beacons is explored graphically with respect to the WRAN frame structure.


A number of key sensing window sizes is identified and explained as to their impact on the RF circuit of the WRAN device and the system timing requirements.


The need for the sensing scheme proponents to document the performance of their technology in fitting with the identified key sensing window sizes is stressed so that an overall system optimum can be found. The increase in sensing reliability due to possible aggregation of shorter non-contiguous sensing windows and collaborative sensing from many CPEs for which the information is gathered and fused at the base station needs to be considered in identifying this overall system optimum.











� For sequential sense and WRAN operation, the CPE antenna could be developed as a re-configurable TX/RX antenna and sensing antenna where the directive antenna would be changed into an omnidirectional antenna with active elements such as pin diodes during the sensing windows.  For simultaneous sense and WRAN operation, these two omnidirectional and directional antennas would need to be kept separate, although preferably physically integrated.  This would allow for two RF paths working in parallel for sensing and WRAN operation.  Detection of the TG1 beacon payload will require a separate decoder since the FFT used to decode the WRAN signal will not be able to decode the 80 kHz spread-spectrum modulation of the TG1 beacon.
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