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Proposed modifications to sub-clause 6.24

1. Discussion

Quiet periods need to be scheduled to occur at the same time for all WRAN cells involved in a coexistence situation.  It is assumed that all WRAN cells will have their superframe and frames synchronized according to sub-clause 6.26.  It is also assumed that the intra-frame quiet periods will be scheduled to align with the end of the selected frames.

With the implicit scheduling signalling carried by the SCH, all quiet periods belonging to a coexistence situation therefore need to be aligned, that is have the same duration and occur in the same frames.  If this were not the case, successful sensing would only be able to take place during the time where all quiet periods are aligned, therefore a reduction in the actual number of quiet periods that can be effectively used for sensing, and the existence of unused scheduled quiet period time beyond the ‘lowest common denominator’ that would result in an excessive overhead and hence, unnecessary loss of transmission bandwidth.

There is a number of problems with the mechanism currently proposed in the standard:

· The mechanism allows for immediate increase of the scheduling in terms of rate
 of intra-frame quiet periods and their duration. The first problem that this brings is that sensing on this modified scheduling cannot take place at once and needs to wait until the new scheduling is propagated to all coexisting WRAN cells.

· The second problem is that the scheme proposed in Figure 110 for the release of QP overhead towards transmission capacity needs a certain time before it can be applied so that all WRAN cells involved have time to re-adjust to this smaller amount of QPs, aligning with the smaller but still worst case requirement at that time.

· The third problem is that although there is a scheme proposed in Figure 110 to reduce the duration of the intra-frame quiet period if the requirement from all the BSs has reduced to try to reduce unnecessary overhead, no equivalent scheme is proposed for the reduction of the rate of these quiet periods.

· The fourth problem is that this capacity release scheme needs to have a key parameter (SCmax) specified for all WRAN cells involved in coexistence in a given area.  The optimum value for this parameter will depend on the density of the WRAN cells in the environment and will need to be common to all BSs involved for fairness sake and agreed upon by the operators.  The standard does not give any indications on what needs to be done with this parameter. The easiest way to go about it would be to have the local administration adopt common SCmax on an area basis so that Annex A can contain the specified values but it is unlikely that this will happen.  The alternative will be to include it in the Recommended Practice to force the WRAN Operators to agree on common values.

In order to resolve these problems, the following modifications are proposed to the 802.22 Draft v4.0.

Modifications to the SCH Table 1:

Table 1 — Superframe control header format

	Syntax
	Size
	Notes

	…
	…
	…

	Current Intra-frame Quiet Period Cycle Length
	8 bits
	Specified in number of superframes, it indicates the spacing between the superframes for which the intra-frame quiet period specification is valid. For example, if this field is set to 1, the Quiet Period Cycle repeats every superframe, if it is set to 2, the Quiet Period Cycle repeats every 2 superframes, etc.

If this field is set to 0, no intra-frame quiet period is scheduled or the current intra-frame quiet period is canceled.

	Current Intra-frame Quiet Period Cycle Offset
	8 bits
	Valid only if Current Intra-frame Quiet Period Cycle Length > 0.

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 Quiet Period Cycle Length.

	Current Intra-frame Quiet period Cycle Frame Bitmap
	16 bits
	Valid only if Current Intra-frame Quiet Period Cycle Length > 0.

Valid for each superframe identified by the Current Intra-frame Quiet Period Cycle Length, each bit in the bitmap corresponds to one frame within the superframe. If the bit is set to 0, no intra-frame quiet period shall be scheduled in the corresponding frame. If the bit is set to 1, an intra-frame quiet period shall be scheduled within the corresponding frame for the duration specified by the Current Intra-frame Quiet period Duration.

	Current Intra-frame Quiet Period Duration
	8 bits
	Valid only if Current Intra-frame Quiet Period Cycle Length > 0.

If this field is set to a value different from 0 (zero): it indicates the number of symbols starting from the end of the frame during which no transmission shall take place.

	Claimed Intra-frame Quiet Period Cycle Length
	8 bits
	Specified in number of superframes, it indicates the spacing between the superframes for which the intra-frame quiet period specification claimed by a BS would be valid. For example, if this field is set to 1, the Quiet Period Cycle would repeat every superframe, if it is set to 2, the Quiet Period Cycle would repeat every 2 superframes, etc.

If this field is set to 0, no intra-frame quiet period is claimed by the BS.

	Claimed Intra-frame Quiet Period Cycle Offset
	8 bits
	Valid only if Claimed Intra-frame Quiet Period Cycle Length > 0.

Specified in number of superframes, it indicates the offset from this SCH transmission to the time where the Claimed Quiet Period Cycle resulting from the inter-BS negotiation (see 6.24.2) shall become the Current Intra-frame Quiet Period Cycle.

	Claimed Intra-frame Quiet period Cycle Frame Bitmap
	16 bits
	Valid only if Claimed Intra-frame Quiet Period Cycle Length > 0.

Valid for each superframes identified by the Claimed Intra-frame Quiet Period Cycle Length, each bit in the bitmap corresponds to one frame within each specified superframe. If the bit is set to 0, no intra-frame quiet period will be scheduled in the corresponding frame. If the bit is set to 1, an intra-frame quiet period will be scheduled within the corresponding frame for the duration specified by Claimed Intra-frame Quiet period Duration.

	Claimed Intra-frame Quiet Period Duration
	8 bits
	Valid only if Claimed Intra-frame Quiet Period Cycle Length > 0.

If this field is set to a value different from 0 (zero): it indicates the number of symbols starting from the end of the frame during which no transmission will take place.

	Synchronization Counter for Intra-frame Quiet Period Rate
	8 bits
	Valid only if Claimed Intra-frame Quiet Period Cycle Length > 0.

This field is used for the purpose of synchronizing the Claimed Intra-frame Quiet Period rates among overlapping BSs in order to allow dynamic reduction of the Intra-frame Quiet Period rate.  This rate is defined by the number of frames with quiet periods identified by the Cycle Frame Bitmap in the superframes designated by the Cycle Length and Offset, divided by the Cycle Length.

	Synchronization Counter for Intra-frame Quiet Period Duration
	8 bits
	Valid only if Claimed Intra-frame Quiet Period Duration > 0.

This field is used for the purpose of synchronizing the Claimed Intra-frame Quiet Period Durations among overlapping BSs in order to allow dynamic reduction of the Intra-frame Quiet Period Duration.

	
	…
	…


Modifications to sub-clause 6.24.2:

6.24.1.1  Intra-frame Quiet Period Allocation

Intra-frame quiet periods shall be scheduled at the end of the MAC frame and they must not conflict with the self-coexistence windows. Since nearby 802.22 networks are synchronized (see 6.24.2), intra-frame sensing shall be done simultaneously and hence, its effectiveness in detecting incumbent signals will be increased.

The BS shall inform CPEs in which frame intra-frame quiet periods are scheduled and their 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 MAC message described in 6.10.17.3 to advertise the intra-frame sensing schedule and all the relevant parameters for sensing. Note that if only the explicit mode is used, the quiet period scheduling information may not be made available to the other WRAN systems operating in the area and should not be used in a coexistence operation.

In the implicit mode, this is done using the Current Intra-frame Quiet Period Cycle Length, Current Intra-frame Quiet Period Cycle Offset, Current Intra-frame Quiet Period Cycle Frame Bitmap, and Current Intra-frame Quiet Period Duration fields in the SCH as specified in Table 1. The Intra-frame Quiet Period Cycle Length is the distance in number of superframes between the superframes which contains intra-frame quiet periods assigned to specific framesaccording to the Intra-frame Quiet Period  Cycle Frame Bitmap. Figure 1 illustrates the concept of Intra-frame Quiet Period Cycle and shows an example of a bitmap in which intra-frame quiet periods are scheduled in frames 1, 3, 5, 7, 9 and 11. The duration of the intra-frame quiet period in each frame is specified by the Current Intra-frame Quiet Period Duration field in the SCH. As shown in Figure 1, the Current Intra-frame Quiet Period Cycle Offset indicates the offset in number of superframes with respect to the next superframe belonging to the current intra-frame quiet period cycle. If the BS decides to change the scheduling of the quiet periods, it shall do so by transmitting a new set of Current Intra-frame Quiet Period scheduling parameters in the SCH in normal operation.  If the BS operates in a coexistence situation, it shall send this information as a new set of Claimed Intra-frame Quiet Period scheduling parameters in the SCH to allow negotiation among the coexisting WRAN cells to align their quiet periods before declaring the new quiet period schedule as ‘current’ (see 6.24.1.2).
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Figure 1 Scheduling of quiet periods for intra-frame and inter-frame sensing using information provided in the SCH [Figure needs modification to indicate that the cycle period is the distance in superframes between superframes containing intra-frame quiet periods.]
6.24.1.2  Inter-frame Quiet Period Allocation

Once the BS receives the reports from the CPEs about their intra-frame sensing measurement results, it can make a decision with respect to the need for an inter-frame sensing stage. The BS can also decide to perform inter-frame sensing without going through intra-frame sensing. The BS can use either implicit or explicit mode to schedule the quiet periods for inter-frame sensing.

In the explicit mode, the BS uses the measurement frames described in 6.10.17.3 and Error! Reference source not found. to adaptively control the quiet periods. In the implicit mode, the BS uses the Inter-frame Quiet Period Duration and Inter-frame Quiet Period Offset fields in the SCH (see Table 1) to schedule or cancel quite periods for inter-frame sensing. Note that the explicit mode does not allow the quiet period scheduling information to be made available to the other WRAN systems operating in the area and should not be used in a coexistence operation.

The inter-frame quiet period may last up to an entire superframe. It is especially suited for spectrum sensing algorithms that require longer quiet periods, such as for the detection of the 802.22.1 beacon payload confirming the presence of wireless microphone operation.

6.24.2  Synchronization of Overlapping Quiet Periods

Due to the possibility of multiple nearby 802.22 cells operating on the same channel or adjacent channels, 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.  It is assumed that the BSs will have already synchronized their superframes as discussed in 6.26. Also, the intra-frame sensing quiet periods always start at the end of a frame. This makes the quiet period synchronization procedure described in this subclause considerably simpler. 
Hence, 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 6.24.1.1Error! Reference source not found.), and which are also carried in CBP packets (see 6.8.1.3.1) and inter-frame sensing (see 6.24.1.2). The BS shall be responsible for setting these fields whenever transmitting a SCH.  These QP scheduling fields are sent in three sets of parameters in a coexistence situation:

· Current Intra-frame Quiet Period Cycle Length, Cycle Offset, Frame Bitmap, and Duration;

· Claimed Intra-frame Quiet Period Cycle Length, Cycle Offset, Frame Bitmap and  Duration, Synchronization Counter for Intra-frame Quiet Period repetition rate and Synchronization Counter for Intra-frame Quiet Period Duration; and

· Inter-frame Quiet Period Duration and Inter-frame Quiet Period Offset.


6.24.2.1 Intra-frame quiet period synchronization
The ‘current’ set of intra-frame quiet period parameters is used by the BS to indicate to its CPEs the quiet periods that are currently scheduled. Before becoming ‘current’, this set of QP scheduling parameters has to be confirmed by all coexisting WRAN cells through the CBP mechanism which re-transmits following a negotiation among these WRAN cells.  The ‘claimed’ set of intra-frame quiet period parameters is used by each BS to announce its new scheduling requirement for quiet periods  considering the performance of the sensing techniques used by its CPEs, i.e., the sensing time needed to meet the required sensing threshold.  This ‘claimed’ set is also broadcast by the SCH and re-transmitted to the other coexisting WRAN cells by the CBP mechanism so that negotiation can take place to arrive at a common quiet period schedule that meets the maximum QP requirement while minimizing the overhead by reducing the non-concurrent quiet periods as mch as possible.  This ‘claimed’ quiet period schedule, once it has become common to all coexisting WRAN cells can then be scheduled to become the ‘current’ quiet period parameter set after sufficient time is given for the negotiation due to the inter-cell propagation.
The BS that receives information about other collocated 802.22 cells (either directly or reported through the CPEs) shall synchronize with all quiet periods scheduled through negotiation amongst  coexisting BSs.  At that time, the common ‘claimed’ intra-frame QP schedule replaces the ‘current’ schedule.  The intra-frame QP negotiation mechanism shall be as follows:

Each BS sends its claim to other coexisting BSs through the SCH which is then carried by the CBP mechanism. Each BS that receives a new ‘claim’ shall compare it to its own claim and either replace the incoming claim by its larger claim for the QP repetition rate  (i.e., number of 1’s in the bitmap/cycle length) and/or QP duration or keep it as is if its own claim is smaller.  If its own claim is larger, the BS shall reset the Claimed Intra-frame Quiet Period Offset to the minimum number of frames required to make sure that all coexisting BSs have received the claim (e.g., 2 hops, that is 2 superframes) if this results in a new claim that is larger than the ‘current’ QP repetition rate and/or duration scheduling parameters before sending it in the SCH and relaying it through the CBP mechanism.  If the new claim is smaller than the ‘current’ scheduling, the Offset parameter is repeater unchanged. In the latter case, the incoming scheduling parameters are repeated unchanged. 
In order to allow the synchronized Intra-frame Quiet Period Duration to adapt to the variation found at different BSs, each BS, denoted as BSi, should maintain a variable named Synchronization Counter for Intra-frame Quiet Period Duration, denoted as SCiD.  This value is sent together with the ‘claimed Intra-frame Quiet Period Duration, denoted Di, in the SCH and CBP. Disyn is the latest Intra-frame Quiet Period Duration claimed by BSi and Dimin and is the minimum required Intra-frame Sensing Duration by BSi.  Initially, SCmax is a value predefined and common to all WRAN cells in an area that corresponds to the extent of propagation of the QP scheduling (e.g., 8 hops).  This initial value shall be agreed upon and used by all operators in the area and should be updated according to the algorithm given below.  For the values given above as examples, an increase in QP duration as compared to the ‘current’ value would take place after 2 frames whereas a release of unused quiet period duration as compared to the ‘current’ value would take 8 frames to become ‘current.
The following algorithm shall be used to come up with a Claimed Intra-frame Quiet Period Duration that will converge to a common value for all overlapping WRAN cells within the given extent of reach (e.g., 8 hops).  It will also produced a value for the ‘claimed’ offset, in number of superframe, representing the delay required before transferring this ‘claimed’ QP duration into the ‘current QP duration once the convergence scheme has stabilized at all BSs involved in the process, thus isolating the ‘current’ QP scheduling values from the temporary instability of the transition on the ‘claimed values.

% When initializing BSi sets: 

DCurrent(i) := 0; 

DClaimedsyn(i) := DClaimedmin(i); 

SCD(i) := SCmax;

% For BSi, before sending out a SCH or CBP packet: 

if DClaimedsyn(i) < DClaimedmin(i), then
% Case covering increase in QP


DClaimedsyn(i) := DClaimedmin(i) 

Claimed_offset(i) := 2 
% 2 superframes for fast reaction time when
endif
% QP requirement increases

if DClaimedsyn(i) == DClaimedmin(i), then; 

SCD(i) := SCmax; 

endif

if DClaimedsyn(i) > DClaimedmin(i), then
% Case covering de-increase in QP 

SCD(i) := SCD(i)-1; 

if SDD(i) == 0, then 

DClaimedsyn(i) := DClaimedmin(i); 

SCD(i) := SCmax; 

Claimed_offset(i) := 9
% 9 superframes for slow release of QPs 

endif 

endif

% When BSi received a SCH or CBP packet from BSj: 

if DClaimedsyn(j) > DClaimedsyn(i), then 

DClaimedsyn(i) := DClaimedsyn(j); 

SCD(i) := SCD(j) 

else if DClaimedsyn(j) == DClaimedsyn(i) and SCD(j) > SCD(i), then 

SCD(i) := SCD(j); 

endif


% Countdown at every BS in superframe: to fetch the 'claimed' value into the 'current' value 

Claimed_offset(i) := Claimed_offset(i) - 1
% Variable decremented by 1 

if Claimed_offset(i) == 0, then
%  every start of superframe 

DCurrent(i) := DClaimedsyn(i) 

endif

Figure 2 Algorithm for the Intra-frame Quiet Period Duration updating

The same algorithm shall be used to converge on a common Claimed Inter-frame Quiet Period repetition rate with the same initial value for SCmax in order to converge on the lowest common quiet period repetition rate where all the D’s (Duration) will be replaced by R’s (Repetition rate).  Adjustment of the Claimed Intra-frame Quiet Period Cycle Length and the Claimed Cycle Frame Bitmap shall result from the common repetition rate found.
6.24.2.2 Inter-frame quiet period synchronization

The BS that receives information about other collocated 802.22 cells (either directly or reported through CPEs) shall synchronize with all quiet periods scheduled by the other cells for the inter-frame QP schedule.  To synchronize inter-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 inter-frame sensing quiet period schedule to synchronize with the inter-frame sensing quiet period of another nearby BS 2 if the remaining time to BS 1’s next inter-frame sensing quiet period is larger than the remaining time to BS 2’s next inter-frame 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 shall modify its inter-frame quiet period schedule in order to synchronize with that of BS 2 if the Inter-frame Quiet Period Offset of BS 1 is larger than that of BS 2. 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 the Inter-frame Quiet Period Offset and Duration 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. 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 6.26) and the synchronization of the quiet periods using the mechanisms described above will result in the scenario depicted in Figure 3. The nearby cells will synchronize not only their frames but also their quiet periods. This will render the results of the intra-frame and inter-frame sensing as accurate as can be, 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 3 Illustration of the two-stage quiet period mechanism with multiple overlapping cells
[Modify the Figure to show the frame length by, for example, vertical bars across the three BSs, make sure that the inter-frame sensing shows as one or many entire frames, make sure that the intra-frame QPs are shown at the end of the designated frames, modify the name of the Intra-frame Quiet Period Cycle Length, modify the depiction of the Intra-frame Quiet Period Cycle Length to be consistent with the definition: number of frame between two successive superframes where QPs are scheduled.]
6.24.3  CPE Report

While intra-frame or inter-frame sensing stages are taking place, the CPE shall report the presence of any incumbent either through the UCS opportunistic burst in the contention window or through the UCS flag in the MAC header if the CPE already has bandwidth granted on its upstream.  Sensing measurement results shall be reported to the BS when requested through the BLM-REQ MAC message. In this case, the CPE shall use the BLM-REP message (see Error! Reference source not found.) to report to the BS the results of its sensing.

Reporting can be done after each individual sensing interval for sensing mode 2 or once the CPE sensing device has carried out sensing during sufficient time to meet the required sensing threshold for sensing mode 0. 
_________________________

Abstract


This document discusses the limitations of the current intra-frame QP scheduling mechanism included in sub-clause 6.24 and proposes modifications to this section as well as to Table 1 for the required additional signalling in the SCH to correct the problem.  It also includes the results of a detailed review of the subsection 6.24, startinbg at 6.24.1.1 up to the end at 6.24.3.
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� The Quiet Period Rate is defined as the number of frames with quiet periods identified by the Cycle Frame Bitmap in the superframes designated by the Cycle Length and Offset, divided by the Quiet Period Cycle Length.
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