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Introduction

This document contains proposed normative text to address the comments related to the sensing that will also enable the harmonization of the MAC text with the Spectrum Sensing Function (SSF) document beind produced by the Sensing Tiger Team. This document addresses the comments 227, 228, 229, 231, 230, 233, 234, 235, 236, 238 and a number of comments/questions in document 22-07-0162.

6.5.1 Superframe Control Header

In clause 6.5.1 Superframe Control Header, delete the ST field from Table 1.

In clause 6.5.1 Superframe Control Header, include the following fields in Table 1:

Table 1 —Superframe control header format

	Syntax
	Size
	Notes

	Intra-frame Sensing Cycle Length
	8 bits
	Specified in number of superframes, it indicates the number of superfames for which the intra-frame sensing specification is valid. This is, I suppose, for not having to send this information at every superframe.
If this field is set to 0, no intra-frame sensing is scheduled or the current intra-frame sensing is canceled.  This seems to imply that a number different than 0 will need to be sent on every frame unless this set of parameters can be skipped for a number of superframes.

	Intra-frame Sensing Cycle Offset
	8 bits
	Valid only if Intra-frame Sensing Cycle Length > 0.

Used for in-band intra-frame sensing.  Have we agreed on the term in-band?  Remember that a TV band is much larger than 1 or 3 channels (low-VHF band= 5 channels, high UHF= 8 channels, UHF band= 38 channels)

Why not N and N±1 intra-frame sensing?  Even then should there be a quiet period for sensing N±2?  It is also understood that a CPE will not be allowed to transmit during any sensing on any channel because of the large signal differential.  Since sensing seems to be limited to the US subframe, the only different between N and N±1 and the alternate channels is that the former has to be network-wide whereas the second can be treated as local at the CPEs that are sensing at that time.
Specified in number of superframes, it indicates the offset from this SCH transmission to the beginning of the first superframe in the current intra-frame sensing cycle.

	Intra-frame Sensing Cycle Frame Bitmap
	16 bits
	Valid only if Intra-frame Sensing Cycle Length > 0.

Valid for a unit of superframe, each bit in the bitmap corresponds to one frame within the superframe. If the bit is set to 0, intra-frame sensing shall not be performed in the corresponding frame. If the bit is set to 1, intra-frame sensing shall be performed within the frame for the duration specified by Intra-frame Sensing Duration.

This bitmap applies to all superframes within the Intra-frame Sensing Cycle Length.  Assumes a repetitive sensing process, not really efficient for sporadic sensing.

	Intra-frame Sensing Duration
	8 bits
	Valid only if Intra-frame Sensing Cycle Length > 0.

If this field is set to a value different from 0 (zero): It indicates the number of slots starting from the end of the frame that shall be used to perform intra-frame sensing.  This only allows sensing at the end of a frame.  Does this cover all possibilities (i.e., sensing during DS subframe)?


Note that the specification of the quiet periods will be carried in the US-MAP of each frame since US bursts will not be allowed at the same time. 
In Table 1, replace the Notes in the TTQP, DQP and IEs fields in Table 1 by the following:

	TTQP
	12 bits
	Time To Quiet Period

Used for in-band multiple-frame sensing, it indicates the time span between the transmission of this information and the next scheduled quiet period for multiple-frame sensing.
The 8 left most bits index the superframe number and the 4 right most bits index the frame number when the next scheduled quiet period for multiple-frame sensing will start.

	DQP
	12 bits
	Duration of Quiet Period

Used for in-band multiple-frame sensing, it indicates the duration of the next scheduled quiet period. 

If this field is set to a value different from 0 (zero), it indicates the number of slots starting from TTQP that shall be used to perform multiple-frame sensing.

If this field is set to 0, it cancels the next scheduled quiet period for multiple-frame sensing or indicates that no multiple-frame sensing are currently scheduled

	IEs
	Variable
	Optional Information Elements which could be transmitted with the SCH. They are:

MAC version (Error! Reference source not found.)

Current transmit power (Error! Reference source not found.)

Part 74 acknowledgement (Error! Reference source not found.) Analog and DTV acknowledgement
Location configuration information (Error! Reference source not found.)

Sensing information (6.8.22.1.1)


Review of Comment# 21 (Resolved in 22-07-0122-02)

6.8.1.1 Channel IE

In Clause 6.8.1.1 Channel IE, delete the Sensing Duration and Channel Number for Sensing elements from Table 26. These Elements have been proposed in the resolution of comment # 21 (see proposed resolution in 22-07-0122-02), but they have been replaced by the fields included in the SCH as proposed in the resolution of comment #16.

In Table 26, delete the following Element Ids proposed in commnt #21:

	Sensing Duration
	18
	1
	If this field is set to a value different from 0 (zero): It indicates the number of slots in the end of the frame that shall be used by to perform sensing.

	Channel Number for Sensing
	19
	1
	The channel number that is to be sensed during the Sensing Duration.


In Table 26, delete the following Element Id (The Action Duration is not needed since the quiet periods are scheduled in implicit mode using the information included in the SCH):

	Action Duration
	13
	2
	This is valid only for quiet periods (Action = 4).

If this field is set to a value different from 0 (zero): It indicates the duration (expressed in slots), not including the Action Frame Number. Once this duration is over, normal operation resumes in the channel by the BS. 

If quiet periods are already scheduled after Action Frame Number, the value specified in this field shall override the length of the first quiet period after Action Frame Number.

During this time, the CPE shall sense for incumbents only. If more detailed specification is needed, please see Error! Reference source not found..

If this field is set to 0 (zero): it serves to indicate CPEs that the first quiet period after Action Frame Number is cancelled. Therefore, normal data transmission shall be carried out during this time.


In Table 26, delete the value “4=Quit” in the Channel Action Element Id (quiet periods are scheduled in implicit mode using the information included in the SCH).

6.21.3 Quiet Periods and Sensing

Replace the text in clause 6.21.3 Quiet Periods and Sensing by the following text:

In order to meet the Channel Detection Time for detection of (see my comment above on “in-band”) incumbents in the operating and adjacent channels (i.e., N and N±1), an 802.22 network shall schedule network-wide quiet periods for sensing. During these quiet periods, all network traffic is suspended and stations (BS and CPEs) shall perform sensing on the channels indicated by the BS. This process is coordinated by the BS, which is responsible for scheduling the quiet periods.

The BSs must manage the quiet periods in order to protect the incuments, while supporting the QoS required by 802.22 users. Section 6.21.3.1 describes the mandatory two-stage quiet period management mechanism that enables dynamic adjustment of the duration and the frequency of quiet periods according to the sensing algorithms used and type of signals that stations should sense. The BS shall use this mechanism to determine when to schedule and the duration of the quiet periods. Once this information is determined, the BS can schedule the quiet periods either in the explicit mode, which is done through the use of CHQ-REQ management frame as described in Error! Reference source not found., or in the implicit mode using the sensing related fields in the SCH, as specified in Table 1. Sensing quiet periods can also be specified implicitely by the US-MAP since, if a CPE receives a frame with an empty US-MAP, it can implicitely sense the channel during that time since it knows that no CPE will be alloed transmit during this time period.  Sections 6.21.3.1.1 and 6.21.3.1.2 describe in more details the process of scheduling the quiet periods.

According to the 802.22 MAC, stations can also perform sensing in channels other than the operating and adjacent channels (i.e., N and N±1) and this process is called alternate channel sensing. However, alternate channel sensing does not require scheduling of network-wide quiet periods. CPEs can perform out-of-band sensing whenever not engaged in communication with its BS during normal cell operation. For that, the CPE can use the TMO-REQ message (see Error! Reference source not found.) to request the BS a timeout from the cell in order to perform alternate channel sensing. The BS may also specifically request CPEs to perform alternate channel incumbent sensing during normal 802.22 cell operation in order to keep track of a sufficient number of potential backup channels (see Error! Reference source not found.) in case of an UCS.

6.21.3.1 Two-Stage Mechanism for Quiet Period Management

The mechanism for quiet period management is illustrated in 0 and it consists of two sensing stages, which are realized through the use of network-wide quiet periods, but which have different time scales:

a) Intra-frame Sensing: The intra-frame sensing stage is comprised of one sensing period per frame, as depicted in 0, during which sensing algorithms that requires quiet periods of less than one frame size are employed. Intra-frame sensing allows quiet periods for sensing to be scheduled with minimal impact on the QoS for 802.22 stations. Based on the consolidation of all measurements done during the intra-frame sensing stage over a number of frames, the BS decides on the need for scheduling a longer contiguous quiet period over multiple frames in order to perform a more detailed sensing. 

b) Multiple-frame Sensing: The multiple-frame sensing stage is used to perform more detailed sensing on the target channels and is defined as taking longer than one frame size. Since a long quiet period may degrade the performance for QoS sensitive traffic (e.g., voice), the allocation and the duration of the multiple-frame sensing stage is dynamically adjustable by the BS. The multiple-frame sensing stage should only be performed when necessary to protect the primary users. In order to meet the QoS requirements of the 802.22 stations while protecting primary users, the BS uses the feedback obtained during the intra-frame sensing stage to determine whether or not multiple-frame sensing is needed.

(Note: the fact that sensing is fast or slow is relative, a 5 ms sensing window may be considered as slow.  Likewise, such 5 ms sensing may allow for fine sensing depending on the sensing algorithm.  This is why I propose to avoid such qualifiers for the two sensing stages and use the characteristic that really differenciate them, that is whether they fit within a frame or not.)
The intra-frame sensing stage may be able to detect the presence of an incumbent in the measured channel within the required Channel Detection Time without the need of long quiet periods. However, if finer sensing is needed to detect the type of incumbent, for example, the multiple-frame sensing stage would then be needed.   This way, support of better QoS to 802.22 stations can be provided, since the time consuming task of multiple-frame sensing is only performed when it is really needed.

The implicit scheduling structure for sensing carried by the SCH provides for a flexible mechanism to schedule quiet periods of any length, whether less than or larger than one frame size. To implement a quiet period longer than one frame size but that is not an integral number of frames, the BS could allocate a intra-frame sensing window immediately followed by a multiple-frame sensing window. For example, if the quiet period duration needs to be one and a half frame long, the BS could allocate an intra-frame sensing window of half a frame followed by a multiple-frame sensing window of one frame size. 
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Figure 56—Structure of two-stage mechanism for quiet period management  (change fast and fine by intra-frame and multiple-frame in the figure and ‘Channel Detection Time’ for ‘Sensing Cycle Length’)
0 shows in detail how this two-stage mechanism shall be implemented at the BS and the CPEs.
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Figure 57 —The two-stage sensing procedure at the BS (a) and CPE (b) ( This automatic two-stage approach may not hold for TV sensing.  The assumption is that a first step sensing will be carried out to find if there is a relatively high power incumbent in the channel.  If the answer is inconclusive (i.e., no incumbent or its level is too low), a second sensing stage with much longer sensing time and better sensitivity will be scheduled.  It is likely that a single sensing scheme with a given sensing time which fits in a frame will be assumed and will be used to sense the incumbent with the appropriate probability of detection.  Preference will be given to a repetition of intra-frame sensing on a number of subsequent frames to improve sensitivity rather than using a contiguous long sensing period   The second sensing scheme that would need multiple frames would be used only explicitely to identify the type of incumbent.  This needs more work before casting it into a standard.
Review of Comments #46 and #237 (Resolved in 22-07-0122-02)

Resolutions of COMMENTs 46 and 237 need to be modified to reflect the above proposed changes to the SCH and Channel IE, and the harmonization with the Sensing team’s Spectrum Sensing Function (SSF). The solution proposed below should replace the solution to comments 46 and 237 proposed in 22-07-0122-02.

Replace the text in clause 6.21.3.2.1 Fast Sensing Alloatin by the following text:

6.21.3.1.1 Intra-frame Sensing Allocation

Intra-frame sensing shall be done at the end of the MAC frame and its schedule must not conflict with the self-coexistence window. Since nearby 802.22 networks are synchronized (see 6.21.3.2), this will ensure that intra-frame sensing is done simultaneously and so its effectiveness in detecting incumbent signals is increased.

The BS shall inform CPEs in which frame intra-frame sensing is to be performed and the sensing duration. The BS uses the implicit mode or the explicit mode to indicate the intra-frame sensing schedule to the CPEs. In the explicit mode, the BS uses the CHQ-REQ management frame described in Error! Reference source not found. to advertise the intra-frame sensing schedule and all the relevant parameters for sensing.  Note that if only the explicit mode is used, the information will not be made available to the other WRAN systems operating in the area.
In the implicit mode, this is done using the Intra-frame Sensing Cycle Length, Intra-frame Sensing Cycle Offset, Intra-frame Sensing Cycle Frame Bitmap, and Intra-frame Sensing Duration fields in the SCH as specified in Table 1. The Intra-frame Sensing Cycle Length is a number of superframes during which intra-frame sensing is to be performed, but this sensing will only start at the superframe indicated by the Intra-frame Sensing Cycle Offset and this will be accomplished within the remaining superframes according to the Intra-frame Sensing Cycle Frame Bitmap. Figure 58 illustrates the concept of Inra-frame Sensing Cycle and shows an example of a bitmap in which intra-frame sensing is performed in frames 1, 3, 5, 7, 9 and 11. The duration of the intra-frame sensing in each frame is specified by the Intra-frame Sensing Duration field in the SCH. As shown in Figure 58, the Intra-frame Sensing Cycle Offset indicates the offset in number of superframes with respect to the beginning of the first superframe in the current intra-frame sensing cycle. If at the end of an Intra-frame Sensing Cycle, the BS decides to change the scheduling of the quiet periods, it can do so by transmitting a new Intra-frame Sensing Cycle Frame Bitmap. The BS can also indicate the type of signals that the CPEs should sense for in a specific IE that is included in one or more superframes in beginning of the Intra-frame Sensing Cycle.
The position of the quiet period in a frame will also be indicated implicitally by the US-MAP received by the CPE
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Figure 58 – Scheduling of quiet periods for intra-frame sensing using information provided in the SCH. (‘fast’ should be changed for ‘intra-frame’.  Also the “Fine sensing” window should be removed from the graph.)
6.21.3.1.2 Multiple-frame Sensing Allocation

In Clause 6.21.3.2.2 Fine Sensing Allocation, replace the text in the first paragraph by the following:

Once the BS receives the reports from CPEs about their intra-frame sensing measurement results, it can make a decision with respect to the need for a multiple-frame sensing stage. The BS can use either implicit or explict mode to schedule the quiet periods for multiple-frame sensing.

In the explicit mode, the BS uses the measurement frames described in Error! Reference source not found. and Error! Reference source not found. to adaptively control the quiet periods. In the implicit mode, the BS uses the TTQP and DQP fields in the SCH (see Table 1) to schedule or cancel quite periods for multiple-frame sensing.  Note that if only the explicit mode is used, the information will not be made available to the other WRAN systems operating in the area.
The multiple-frame sensing stage may up to an entire superframe.  It is especially suited for detecting the 802.22.1 beacon payload indicating the presence og Part 74 wireless microphone operation.
6.21.3.2 Synchronization of Overlapping Quiet Periods

Due to the possibility of multiple nearby 802.22 cells, quiet periods of these cells shall be synchronized. This will considerably improve the reliability of detection of incumbent signals, and will also enable better self-coexistence amongst nearby 802.22 cells. Therefore, BSs shall synchronize their quiet periods with other nearby BSs. This is done using the fields available in the SCH (see Table 1) that are used to schedule quiet periods for intra-frame (see 6.21.3.1.1) and multiple-frame sensing (see 6.21.3.1.2), and which are also carried in CBP packets (see Error! Reference source not found.). These fields are Intra-frame Sensing Cycle Length, the Intra-frame Sensing Cycle Offset, Intra-frame Sensing Cycle Frame Bitmap, Intra-frame Sensing Duration, TTQP and DQP. The BS shall be responsible for setting these fields whenever transmitting a SCH.

The BS who receives information about other collocated 802.22 cells (either directly or reported by CPEs) shall synchronize with all quiet periods scheduled by the other cells, which includes those for both intra-frame or multiple-frame sensing. [This may mean that the QoS of a WRAN cell may be affected by another nearby cell which schedules excessive quiet periods !!!] Before that, however, the BS must have already synchronized their superframes as discussed in Error! Reference source not found.. This makes the quiet period synchronization procedure described in this section considerably simpler.

Once the superframes are synchronized, and since the intra-frame sensing quiet periods always start at the end of a frame, the BS synchronizes the intra-frame sensing quiet periods by adjusting its Intra-frame Sensing Cycle, Intra-frame Sensing Cycle Frame Bitmap according to the information received from other cells. The BS also adjusts the Intra-frame Sensing Duration to the largest amongst the overlapping cells. 

To synchronize multiple-frame sensing quiet periods, the BS uses the information contained in the SCH, but in addition to that, the BS shall apply a random mechanism to decide whether to change its quiet period schedule. This mechanism will considerably mitigate the ping-pong effect and it is based on the following rule:

· A BS 1 shall only modify its multiple-frame sensing quiet period schedule to synchronize with the multiple-frame sensing quiet period of another nearby BS 2 if the remaining time to BS 1’s next multiple-frame sensing quiet period is larger than the remaining time to BS 2’s next multiple sensing quiet period.

For example, consider that BS 1 received information on the SCH transmitted by a collocated BS 2. In this case, BS 1 will modify its quiet period schedule in order to synchronize with that of BS 2 if TTQPBS1 > TTQPBS2. If this rule is validated, BS 1 can proceed with the synchronization of its quiet period with that of BS 2. To this end, BS 1 shall schedule the change in its quiet period to take place N frames away, where N = rand(0, QThresh) and rand(a, b) is a function which returns an integer number t, where a ( t < b, and QThresh is defined in units of superframe. If up until N superframes later BS 1 does not receive any more information regarding the next quiet period of BS 2, it shall proceed with its quiet period change to achieve synchronization. This is done by modifying the values of TTQP and DQP in the SCH when initiating the new superframe, or by transmitting an updated CHQ-REQ command.

If, before advertising the change in its quiet period, BS 1 receives information about BS 2 which indicates that BS 2 has already changed its quiet period to align with that of BS 1, BS 1 shall then cancel its scheduled quiet period change. Another possibility is that the new information about the quiet period that BS 1 receives about BS 2 changed since the last notification. [Incomplete sentence.] In this case, BS 1 shall cancel the current scheduled change of its quiet period and reschedule it if appropriate (using the same procedure as described above), taking into consideration the new parameters received from BS 2. BS 1 shall proceed with changing its quiet period in all other cases.

In a region with multiple nearby BSs, the synchronization of the superframes (described in Error! Reference source not found.) and the synchronization of the quiet periods using the mechanisms described above will result in the scenario depicted in Figure 59. The nearby cells will synchronize not only their frames but also their quiet periods. This will ensure that the results of the intra-frame and multiple-frame sensing are accurate as much as possible, since all nearby 802.22 networks will quiet at the same time and only the signal from the incumbent user, if any, will remain on the channel.
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Figure 59—Quiet period mechanism with multiple overlapping cells in a single channel (‘fast’ should be changed for ‘intra-frame’, ‘fine’ for ‘multiple-frame’ and ‘Channel Detection Time’ for ‘Sensing Cycle Length’.  Also the “Fine sensing” window should be removed from the graph.)
6.21.3.3 CPE Report

Once intra-frame or multiple-frame sensing stages are completed, the CPE needs to report the measurement results back to the BS. This can be done after each individual sensing interval or just once at the end of the Sensing Cycle Length. The CPE shall use the BLM-REP message (see 6.8.22.3) to report to the BS the results of its sensing. The BS may use the MDP field in the US-MAP message to explicitly request CPEs to transmit the sensing results back to the BS in a given reserved allocation.
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