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Suggested Text

Section 6.21.3.1 Uninterrupted Frame Synchronization and Channel Estimation with Quiet Periods 

· When a quiet frame is scheduled opportunistically (Refer to 6.21.3.3),

· The regular preamble (i.e., the long training sequence) shall be sent as well as FCH and empty MAPs, such that the CPEs can infer that the remaining of the frame is quiet for opportunistic channel sensing. 

· When a quiet period of one frame is scheduled and broadcast to the associated CPEs in advance,

· The regular preamble (i.e., the long training sequence) shall be sent in the beginning of the quiet period to avoid interrupting the periodicity of the fundamental framed PHY operation.

· When a quiet period of more than one frame is scheduled and broadcast to the associated CPEs in advance :

· The use of the short training sequence, besides the long training sequence (Refer to 8.3.1.2), is mandatory for the first frame immediately after the quiet period for the purpose of resynchronization of all CPEs in the cell and for channel estimation.
Discussion

One of the challenges in designing cognitive radio (CR) based systems is how to sense the inband channel, i.e., the channel currently being used by the CR system. One method is to halt the self-signal transmission, namely, periodically and/or opportunistically scheduling quiet frames (periods) so the inband channel can be sensed. Compared with standard operation in non-CR systems, one issue with the current method is that in the quiet frame(s) no preambles or MAP signals are transmitted. This creates a “gap” for frame synchronization and channel estimation in the preceding or succeeding frames. This situation could be disruptive or undesired for users experiencing channel fading, with typical reasons as follows:

· Reduce the accuracy of frame synchronization. The preamble is designed with the tradeoff of spectral utilization and accuracy of frame detection and synchronization. While it is acceptable for a certain probability of miss detection and coarse synchronization accuracy when the user device is first powered on, a standard receiver expects the periodic preamble transmission since then, and achieves high accuracy of frame detection and synchronization by utilizing this transmission periodicity. A missed preamble during a quiet frame interrupts this continuity, and could reduce the accuracy of frame synchronization.

· Reduce the accuracy of channel estimation. The more accurate the channel estimation, the better performance data detection would be. A standard receiver tries to increase the channel estimation by interpolating, accumulating and/or averaging over the recent channel estimation results within the coherent time. A missed preamble during a quiet frame interrupts this process, and could reduce the accuracy of channel estimation.

· Interrupt the statistical process. Many receivers are designed for taking advantage of the statistical results of usable history channel conditions. The missed preamble in a quiet frame disrupts this process.

Therefore, this document presents a method allowing uninterrupted frame synchronization and channel estimation even during quiet frames. Moreover, the new method makes it more flexible for informing user devices of whether the current frame is a quiet frame or not, which simplifies the control messaging design in CR systems and reduces the overhead of control messages in such systems.

Two methods have been proposed before on how to schedule quiet frames: periodic scheduling and opportunistic scheduling. In both cases, a superframe structure is utilized that consists of multiple frames. The superframe is expected to be long enough to achieve the desired high spectral efficiency, and short enough to allow the detection of the emergence of incumbent users (a.k.a., primary users) within a predetermined period (2sec in 802.22 Functional Requirement Document). 

In the periodic scheduling scheme, as the name implies, one quiet frame is scheduled at the fixed position in the superframe structure, whereas the other frames are regular ones. In the other scheme, at least one quiet frame is scheduled within one superframe. However, the location of the quiet frame(s) is not fixed. Rather, it could be any frame in the superframe as long as the data transmission in that frame is not needed. This is so called opportunistic scheduling. In the opportunistic scheduling scheme, there must be at least one quiet frame in a superframe. Note that the frame length should be decided in consideration of the required time for reliable and accurate channel sensing. If one frame is not enough for channel sensing within one superframe, multiple quiet frames should be scheduled.

The proposal in this document supports both schemes.
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Abstract


This contribution suggests the methods for dealing with the impact on regular receiver opertiaon incurred by quiet period and quiet frame.
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