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1. Reference
[1]
Motorola “Part 22.1: Enhanced Protection for Low Power Licensed devices operating in TV Broadcast Bands”.

2. Introduction
2.1 Background From P802.22.1/PRE-D1
In order to protect license users, some beacon device or protecting device, which need to detect and obtain the occupancy information of channels operating by the LU device and then transmit these information to the SU device (such as WRAN) via wireless air interface to prohibit SU from interfering the LU , are equipped nearby the LU device.

First it shall choose a beacon device as PPD(Primary Protecting Device), and the remnant devices work as SPD(Secondary Protecting Device). 


[image: image1]
Figure 1 Superframe format

IEEE Std. 802.22.1/D1 employs the superframe structure shown in Figure 1. Note that the superframe structure is defined from the perspective of the PPD.

The superframe structure consists of a plurality of synchronization bursts (6.3.1), followed by a beacon frame (7.2).  Under control of an upper layer, a receive period (6.4), and an acknowledgement/non-acknowledgement period (ANP) may also be included (6.5).  This format repeats without interruption while the protecting device is in operation.  

The synchronization bursts, each of which consists of a synchronization word followed by a decrementing index value, enable a receiver asynchronously sampling the beacon channel to quickly determine when the beacon will be sent.  The beacon includes a synchronization header, which consists of the same synchronization word used in the synchronization bursts and an index value of zero. The beacon contains information relevant to the device protected by the protecting device, including its physical location and estimated duration of channel occupancy.  Following the beacon, there is an optional receive period, during which the PPD pauses to monitor the channel for an RTS burst transmitted by a SPD.  Finally, there is an optional ACK/NACK period (ANP), reflecting whether or not an RTS burst was detected.

2.1.1 From primary to secondary protecting device(PPD to SPD)
When the PPD desires to send data to a SPD, it does so by placing the information in its beacon PSDU.  The SPD, of which there may be many in range of the PPD, monitors the beacon PSDU of the primary protecting device, and decodes its address and recovers the message.  No acknowledgement of data reception is provided at the MAC level.  See Figure 2


[image: image2]
Figure 2 Communication from primary to secondary protecting devices

2.1.2 From secondary to primary protecting device(SPD to PPD)
 When an SPD desires to send data to the PPD, it sends an RTS burst to the PPD during the receive period of the superframe, then ensures that an ACK, as opposed to a NACK, was transmitted during the ANP.  The PPD then yields the beacon portion of the following superframe to the SPD, which then transmits its own beacon, containing its data, during this time.  Following the transmission by the SPD, the PPD continues the superframe by monitoring the channel during the receive period.  See Figure 3.
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Figure 3 Communication from secondary to primary protecting devices

2.1.3 Data Exchange
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(a)
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(b)
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(c)

Figure 4 SPD interruption of the PPD in order to transmit a beacon frame

In (a), the PPD transmits the synchronization bursts and the beacon frame, which includes the beacon synchronization header. The PPD then enables its receiver to listen for an RTS burst from a SPD. In this case, the PPD does receive an RTS burst, and consequently, the PPD transmits an ACK. In (b), following the transmission of the synchronization bursts by the PPD, the SPD transmits the beacon frame. The PPD then enables its receiver to listen for an RTS burst from a SPD. In this case, the PPD does not receive an RTS burst, and consequently, the PPD transmits a NACK. In (c), the PPD transmits the synchronization bursts and the beacon frame. The PPD then enables its receiver to listen for an RTS burst from a SPD. In this case, the PPD does not receive an RTS burst, and consequently, the PPD transmits a NACK. The scenario in (c) repeats until another RTS burst is received, as in (b).

From the preceding words, we can see that each SPD shall send RTS in Rx Period before transmitting data in the next superframe to PPD. If multi-SPDs send RTS in the Rx period, it will conflict, and PPD shall not allow any SPD send beacon in the next superframe. 
2.1.4 ANP burst

This clause specifies the format of the ANP (ACK-NACK Period) burst.

For convenience, the ANP burst structure is presented so that the leftmost (least significant) bit as written in this standard shall be transmitted or received first.

The ANP burst is used by the PPD to indicate whether or not it has received a request to transmit (i.e., an RTS burst) from an SPD in the receive period immediately preceding the ANP.  If it has received a request, the PPD shall transmit an ACK.  Note that the received request must be error-free in order to transmit an ACK. Otherwise, it shall transmit a NACK.

The ACK and NACK transmissions shall be formatted as illustrated in Figure 5 .


[image: image7]
Figure 5 Format of the ANP burst

2.2 Disadvantage 

This flow would go against exchanging a great deal of information between SPDs and the PPD. In other words, if an SPD can not send all the payload information to the PPD in one superframe, the SPD may need to compete with other SPDs for the next superframe to send the remnant information. In this case, the PPD will issue a NACK during the ANP period, and no SPD is allowed to send beacon frame in the next superframe. The SPD may not send the remnant information in a period of time, which will go against the message integrity. Also, when the PPD issues a NACK, the next superframe always can not be used to send beacon frame by SPDs.
3. PROPOSED SOLUTION
3.1 New Format of MHR

We will add a field in the MHR which can be set by either PPD or SPD to indicate the beacon state.
The beacon frame format is composed of a MHR, a MAC payload, and a MFR. The fields of the MHR appear in a fixed order. The beacon frame shall be formatted as illustrated in Figure 5.
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Figure 6 Beacon frame format (MPDU)

Here, the parameter 2 field is one octet in length, and includes a reserved subfield and the keep out zone subfield.  The parameter 2 field shall be formatted as illustrated in Figure 6.
Table 1  Format of the parameter 2 field
	Bits:0-6
	7

	Reserved
	Keep out zone


The keep out zone subfield is 1 bit in length, and specifies whether the protected radius is greater than or less than 500 m.

The reserved subfield is 7 bits in length. We will use one bit out of the reserved 7 bits, so the modified subfield is shown in Table 2:
Table 2  Revised Format of the parameter 2 field
	Bits:0-5
	6
	7

	Reserved
	NST
	Keep out zone


NST (Next Superframe to Continue Transmitting Beacon Indication) is used to indicate whether the next superframe can be used to transmit beacons or not. 
3.2 New ANP Burst

We also add a new feedback message named GO-ON in the ANP burst corresponding to the NST field. The format of GO-ON message is shown in Figure 7:
  SHAPE  \* MERGEFORMAT 



Figure 7  Format of ANP burst
If an SPD transmitting in current superframe needs to continue transmitting its remaining information in the following superframe, it will set the Device Rank and the NST based on Table 3. In this case, if the PPD agrees that, it will issue the GO-ON message to allow the current SPD to continue transmitting. 
3.3 Method Specification
Combining with the device rank (PPD or SPD) field in Parameter1, other protecting device can take actions according to Table 3.
Table 3  PPD and SPD behavior for different NST & Device Rank
	Device Rank
	NST
	Beacon State 

	1
	0
	A beacon is transmitted by the PPD and the next superframe can be reserved for other protecting devices to send beacons.

	1
	1
	A beacon is transmitted by the PPD and in the next superframe the PPD will continue issuing a beacon.

	0
	0
	A beacon is transmitted by the SPD, but in the next superframe the SPD shall not continue issuing a beacon or compete with other SPDs to issue a beacon. 

	0
	1
	A beacon is transmitted by the SPD, and in the next superframe the SPD shall continue issuing a beacon to the PPD.


By introducing the NST field and the GO-ON feedback, the PPD can be more flexible to select which SPD can send a beacon in the next superframe.

1. SPD requests to issue beacon: When the PPD has no or little information, the PPD will set the device rank to 1 and NST to 0, which allows SPDs to compete for the next superframe by issuing RTS in the Rx period. (1)If only one SPD issues an RTS, the PPD will issue an ACK. (2)If more than one SPD issue RTS and so a collision occurs, the PPD will issue a NACK.
2. PPD continues to issue beacons:   PPD is the same as SPD when acting as a protecting device, but it has a special task. It shall combine all other SPDs’ beacon information and control other SPDs’ beacon transmission. So PPD may store plentiful information to transmit. The PPD then sets the device rank to 1 and NST to 1, ,so other SPDs shall not issue RTS in the Rx period, which can first ensure that PPD can send the remnant information in the following superframe. If there is/are SPD(s) forcing to issue the RTS, PPD will issue a NACK to reject them.
3. SPD stops issuing beacons: If an SPD has sent all its information in one superframe, it will set the device rank to 0 and NST to 0. So other SPDs can issue RTS in current Rx period to compete for the next superframe.  (1)If only one SPD issues an RTS, the PPD will issue an ACK. (2) If more than one SPD issue RTS and so a collision occurs, the PPD will issue a NACK.
4. SPD continues to issue beacon: If an SPD has plentiful information to transmit and it can not transmit all the information in one superframe, it will set device rank to 0 and NST to 1, which will prevent other SPDs from transmitting RTS in the Rx period. Upon setting device rank field and NST field, the PPD will issue the feedback message GO-ON to assign the next superframe to the current SPD to transmit its continuous beacons.  However other SPDs may force to issue RTS in the Rx period, only the PPD can determine either the current SPD or the competing SPD can transmit beacons. 1) If only one competing SPD compete with the current SPD, PPD may allow the competing SPD to issue beacon in the next superframe by sending an ACK in the ANP period, and disallows the current SPD to issue the continuous beacon. So the current SPD shall need to send RTS to request transmitting at some time. 2) If existing more than one competing SPDs, the PPD may issue a NACK in the ANP to reject all the SPDs containing the current SPD to send beacons, or the PPD may issue a GO-ON to allow the current SPD to continue sending beacons and reject the competing SPDs.
Comparing with the random backoff algorithm when RTS colliding, this method has many advantages: (1)If the current SPD needs to send beacon in the next superframe, it only sets the Device Rank and NST field instead of issuing RTS to compete. (2) If the current SPD has data to transmit, meanwhile, competing SPD also issues RTS to compete for the next superframe, it will increase the collision probability. Once occurring collision, the competing SPD shall use a random backoff time, in other words, the competing SPD has to delay the beacon transmission.  Whereas, if the competing SPD knows the current SPD continues to issue beacons, it shall issue RTS in the following superframes instead of in current superframe, which can decrease the collision probability. (3) Even if competing SPD issues RTS in current superframe to compete with the current SPD, the PPD can broadcast an ACK、a NACK or a GO-ON in the ANP to select one to transmit.(4)If occurring collision, the next superframe will can be used to send beacons comparing with not be used in [1]. 
4. SIMULATION RESUTLS
We simulate the throughput of beacons at various probabilities of collision. Here the throughput of payload is the average bytes of the payloads per superframe.
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Figure 8 Throughput between current scheme and our proposal
5. Conclusion
1. If the PPD requests to issue its continuous beacons in the next superframe, other SPDs shall not compete with it;
2. If the SPD requests to issue its continuous beacons in the next superframe, other SPDs may not compete with it and the SPD can ensure its message integrity;
3. If the SPD requests to issue its continuous beacon in the next superframe, other SPD may compete with it, but only the PPD decides which SPD to transmit in the next superframe through issuing  an ACK、a NACK or a GO-ON;
Abstract


This proposal is more flexible to process the collision situations and more efficient to decrease the probability of collision.
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