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Motivation

A novel channel sensing method is proposed in this document, which can sense the channel currently being used by the same cell (i.e., in-band channel sensing) without interrupting its own transmission for creating quiet period or hopping to another channel for sensing the previous channel. 

This new approach is based on self-signal suppression (SSS). The SSS channel sensing is done by detecting and suppressing self-signal which occupies the channel to be sensed. The SSS channel sensing consists of three steps. First, the signals transmitted from its own cell (the self-signal) is detected (i.e., demodulated and decoded) and verified via CRC check or other data integrity verification methods by the receiver. Second, the self-signal is reconstructed from the detected signal and the estimated channel which the self-signal passed through; and is removed/cancelled from the original received signals. Third, the channel sensing is performed over the remaining signal after the self-signal suppression/cancellation. The remaining signal includes the suppression residual signal and other signals (e.g., incumbent-user signal or interference signals from other resources) if existing. Refer to Fig.1 for further illustration.
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	Fig. 1: Self-Signal Suppression.


Operation Procedure

Note that self signal means different things for BS and CPE. To the BS of a cell, the uplink (UL) bursts are the self signal of the cell. To a CPE associated with the BS, the self signal consists of the preamble, other broadcasting signals (FCH, DL-MAP, UL-MAP, DCD, UCD), its own downlink (DL) bursts, and, probably, the DL bursts for other CPEs. Given this clarification, the operation procedure can be presented as follows for both the BS and CPEs.
SSS-based channel sensing approach operates as follows: 
· A unit (BS or CPE) tries to detect the signal intentionally transmitted to it. This signal is referred as the self-signal. If the self-signal is correctly detected, proceed to the next step. Otherwise, 

· If the self-signal cannot be detected correctly the first time, the receiver and the transmitter should try to resolve the issue through conventional retransmission protocols (e.g., HARQ process and/or applicable power control procedures) until either the self-signal is detected correctly or a pre-determined maximum number of trials is reached. In which case the system should interrupt the self transmission in that channel, thus creating quiet period for further sensing the channel. Note that, a CPE does not request the retransmission of other CPEs’ signal even though the detection of other CPEs’ signal fails. 
· The detected self-signal is reconstructed, and then cancelled from the original signal.

· Explicit channel sensing is performed over the remaining signal. Various methods can be used for channel sensing operations on the remaining signal. For example, energy detection can be used to determine whether the channel is being occupied by other systems based on the comparison result of the residue signal energy against the normal noise level. Signal feature detectors can be used to further identify which type of system is occupying the channel by analyzing the signal characteristics of the residue signal. 
The operation is further described in Fig. 2.
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	Fig. 2: SSS-based channel sensing scheme.


Feasibility/Complexity for Implementation 

Theoretically, the self signal can be cancelled completely with ideal channel estimation and correct signal detection. Furthermore, as illustrated in Fig.3, the channel estimation accuracy can be enhanced by accumulating and averaging the channel estimation results from a number of preambles transmitted within the coherence time of the channel. Actually, the fixed point-to-multipoint topology of WRAN inherently has long coherence time as desired. Note that, a well designed preamble can be detected reliably even with some interference due to the processing gain typically available to the preambles. All these desired characteristics assist positively to the sufficient suppression of the self signal. 

Another important point is that most of the functions shown in Fig.2 are either the regular signal receiving procedures (signal detection, signal integrity check, and data retransmission), or the necessary regular channel sensing procedures. Even the iterative channel estimation procedure shown in Fig. 3 is normal operation independent of SSS. Only two extra procedures (signal reconstruction and signal cancellation) are unique to SSS.

To measure the effect of the self-signal suppression, we define a quantity called self-signal suppression ratio (SSSR) as
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See Fig. 4 for the illustration of the power levels of P1 and P2.
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	Fig. 3: Channel estimation over multiple frames within the channel coherence time.
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	Fig. 4: Comparison of before and after Self-Signal Suppression.


Some Enhancements of SSS Channel Sensing

· The BS can do channel sensing over all the UL bursts.

· A CPE can do channel sensing over other CPE’s DL bursts, besides its own, because any CPE has the capacity to use the whole channel. However, the CPE won’t require for retransmission of other CPEs’ data if signal detection fails. 

· Both the BS and CPEs can do long-time channel sensing over the remaining signals of multiple frames in order to increase the reliability and accuracy of channel sensing.

Optimal Channel Sensing Scheme
SSS can operate alternatively with the other two approaches (quiet-time and DFH). The optimal method could be that channel sensing should be based on SSS most time, and the other two approaches (either one) can be used on demand when the self-signal cannot be detected correctly and further channel sensing is required.
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	Fig. 5: Optimal channel sensing scheme.


Advantages
No quiet period and channel moving is needed for inband channel sensing in the novel scheme, which removes the cost incurred by periodic quiet period or periodic channel hopping. Compared to quiet-period based approach, while a moderate complexity is incurred in the receiver side for self-signal reconstruction and self-signal suppression, the preamble and pilot tones can be transmitted without interruption which otherwise could reduce the channel estimation accuracy and reliability. The uninterrupted transmission in the cell could result in better QoS. 

Meanwhile, SSS can operate alternatively with the other two approaches (quiet-time and DFH). The optimal method could be that channel sensing should be based on SSS most time, and the other two approaches (either one) can be used on demand when the self-signal cannot be detected correctly and further channel sensing is required.
Appendix
Incumbent Detection Threshold in 802.22 WRAN System [1]
Table 15.1.2: DFS-like parameters for sensing and vacating channels used by incumbent services in the US

	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
	500 msec – 2 sec to >=90% PD
	500 msec – 2 sec to >=90% PD

	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


Reference:
[1] Functional Requirements for IEEE 802.22 WRAN Standard, 802.22/05-0007r46, September 2005.
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Abstract


A novel channel sensing scheme is proposed based on self-signal suppression/cancellation, which allows in-band channel sensing without the requirements for quiet periods. The feasibility and advantages of the scheme are analyzed, together with some important enhancements. The optimized tradeoff could be achieved between spectral utilization and the reliability of in-band channel sensing by combining SSS-based channel sensing with on-demand scheduling of quiet periods or dynamic channel hopping.
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