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In the current 802.22.1 draft 1.0 [1], the real response in ANP period is decided by the PHY layer of the PPD. Actually this response in ANP period shall be decided by both the upper layer and the PHY. The problems of the existing design are illustrated in this document and the suggested remedies are provided to patch this hole.

Problem Description:
Problem 1:

Subject to the current standard draft [1], 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. When the PPD receives an RTS burst(s), it shall decide to send an ACK/NACK to the SPD(s) during the Acknowledgement/No acknowledgement period. 
Actually the PHY layer of the PPD can’t make the decision just upon whether it receives an RTS burst or not. For example,

Case 1: When the PPD receives an RTS burst during the Rx period but it decides to transmit its own beacon frame, it shall send a NACK during the ANP period.

Case 2: When the PPD receives an RTS burst during the Rx period of the superframe transmitted by an SPD, it shall send a NACK during the ANP period since it will transmit its beacon frame in the next superframe.

The PHY layer of the PPD shall transmit the ACK/NACK codeword immediately by taking the instruction from the upper layer into consideration if it detects at least an RTS burst. The limitation is that a few DQPSK symbol periods between the Rx period and the ANP period is not long enough for the PHY and the MAC to communicate with each other. So the MAC should provide the instruction in advance.
Problem 2:

With the definition in [1], after the PPD receives an SPD’s beacon frame with the NST subfield set to one, it may decide to grant the SPD permission to transmit an additional beacon frame without requiring a second RTS burst be sent from that SPD. The problem is that there is no such a primitive to request the PHY layer of the PPD to transmit a Go-On response in the ANP.
Suggested Remedy:

In the ANP period of every superframe, the PHY layer of the PPD shall send an ACK/NACK/Go-On response. The final action is decided by both the decisions of the upper layers (MAC and NHL) and the condition of the PHY layer. 

(1)Add PLME-ANP-DECISION primitives 

Table 7—PLME-SAP primitives
	Name
	Request
	Indication
	Confirm

	PLME-ANP-DECISION
	6.2.2.x1
	
	6.2.2.x2

	PLME-GET
	6.2.2.1
	
	6.2.2.2

	PLME-INITIATE-RTS-BURST
	6.2.2.3
	
	6.2.2.4

	PLME-SET
	6.2.2.5
	
	6.2.2.6

	PLME-SET-RTX-STATE
	6.2.2.7
	
	6.2.2.8


6.2.2.x1 PLME-ANP-DECISION.request
The PLME-ANP-DECISION.request primitive is generated by the MLME of the primary protecting device and issued to its PLME to request the PHY entity to send an ACK/NACK/Go-On response. The PLME-ANP-DECISION.request primitive has one parameter.
Table X1 - PLME-ANP-DECISION.request parameter

	Name
	Type
	Valid range
	Description

	ANP_Response
	Enumeration
	(ACK, NACK, Go-On)
	The response in the ANP instructed by the MAC sublayer of the PPD.


1. If the MAC sublayer of the PPD doesn’t have any beacon frame to transmit and knows there was no NST requirement in the latest received SPD beacon frame within last aNSTValidCount superframes, it shall indicate that the next superframe may be granted to the SPD through PLME-ANP-DECISION.request primitive with the ANP_Response parameter set to ‘ACK’.
2. If the MAC sublayer of the PPD receives a MSDU from the next higher layer through MLME-START-BEACON.request primitive during a superframe, it shall reserve the next superframe to transmit its own beacon frame. The MLME of the PPD shall send PLME-ANP-DECISION.request primitive with the ANP_Response parameter set to ‘NACK’. 
3. If the MAC sublayer of the PPD doesn’t have any beacon frame to transmit and knows there was one NST requirement in the latest received SPD beacon frame within last aNSTValidCount superframes, it shall indicate the next superframe be granted to that SPD through PLME-ANP-DECISION.request primitive with the ANP_Response parameter set to ‘Go-on’. 
Upon the receipt of the PLME-ANP-DECISION.request primitive, the PLME will adopt the action with considering both the ANP_Response parameter in PLME-ANP-DECISION.request and whether it receives an RTS burst or not. 

6.2.2.x2 PLME-ANP-DECISION.confirm
The PLME-ANP-DECISION.confirm primitive is generated by the PLME of the primary protecting device and issued to its MLME in response to a PLME-ANP-DECISION.request primitive. This primitive indicates the final action performed by the PHY layer of the PPD.
Table X2 specifies the parameters for the PLME-ANP-DECISION.confirm primitive.
Table X2 - PLME-ANP-DECISION.confirm parameter

	Name
	Type
	Valid range
	Description

	ANP_Response
	Enumeration
	(ACK, NACK, Go-On)
	The response in the ANP performed in the PHY layer of the PPD.


1. When ANP-Response in PLME-ANP-DECISION.request is ‘Go-on’, the Go-on codeword shall be sent by the PHY during the ANP period. 

2. When ANP-Response in PLME-ANP-DECISION.request is ‘NACK’, the NACK codeword shall be transmitted by the PHY during the ANP period. 

3. When ANP-Response in PLME-ANP-DECISION.request is ‘ACK’ and the PHY has detected at least one RTS codeword, one of the detected RTS codewords shall be randomly selected as the ACK codeword and sent during the ANP period.

4. When ANP-Response in PLME-ANP-DECISION.request is ‘ACK’ and the PHY has not detected one RTS codeword, the NACK codeword shall be transmitted during the ANP period.

Upon receipt of the PLME-ANP-DECISION.confirm primitive, the MLME of the PPD is notified what action has performed by the PHY layer. If the ANP_Response is ‘ACK’ or ‘Go-On’, it means the PPD decides to allow the SPD to transmit its beacon frame in the next superframe. If the ANP_Response parameter is ‘NACK’, it means that the PPD shall tranmit its own beacon frame in the next superframe. If this NACK is sent to SPDs corresponding to the ANP-Response in PLME-ANP-DECISION.request set ‘ACK’, the MAC shall resend last MPDU immediately to the PHY to let this MPDU can be changed as PSDU and sent in the next superframe.
 (2) Modify corresponding texts
6.6, Line 50, Page 26:

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 the PPD itself or one of SPDs can send its beacon frame in the next superframe whatever the PPD received a least one RTS busrt in the lateset Rx period. The PHY layer of the PPD shall transmit an ACK or NACK taking the decisions of the upper layer into consideration. See 6.2.2.x1 for the details. Note that the received request must be error-free in order to transmit an ACK. The ACK and NACK transmissions shall be formatted as illustrated in Table 18 and Table 19, respectively.

7.4.5.2, Line 36, Page 59:

In general, the SPD may receive a NACK in the ANP of any superframe, because the PPD controls the channel. As a specific example, the SPD may receive a NACK during the ANP is if two or more SPDs transmitted RTS bursts in the receive period of the same superframe and those RTS bursts collided. If the PPD does not receive an RTS burst, each SPD will receive a NACK. If the PPD receives one of the RTS bursts, it shall respond with the corresponding ACK, which each SPD shall examine. If the SPD receives an ACK which matches its transmitted RTS codeword, the SPD determines that its RTS was received by the PPD. Note that it is possible but not likely that more than one SPD will choose the same RTS codeword to be sent in the same receive period. If this happens, more than one SPD will receive the ACK corresponding to its transmitted codeword. However, once an SPD receives subsequent beacon frames from the PPD, it should notice that the beacon frame does not contain its data. In this case or in the case when the SPD receives a NACK, one option for the next higher layer of the SPD is to use a random backoff time before requesting to send another RTS burst.
7.4.5.3, Page 60:

The PPD has ultimate control of the channel. Therefore, the PPD may send a NACK during the ANP of any superframe regardless of what was heard during the receive period. Also, at least one PPD beacon frame shall be transmitted between two successive SPD beacon frames.
If the MAC sublayer of the PPD receives a MSDU from the next higher layer through MLME-START-BEACON.request primitive during a superframe, it shall reserve the next superframe to transmit its own beacon frame. The MLME of the PPD shall send PLME-ANP-DECISION.request primitive with the ANP_Response parameter set to NACK. If the MAC sublayer of the PPD doesn’t have any beacon frame to transmit and knows there was one NST requirement in the latest received SPD beacon frame within last aNSTValidCount superframes, it shall indicate the next superframe be granted to that SPD through PLME-ANP-DECISION.request primitive with the ANP_Response parameter set to Go-on. If the MAC sublayer of the PPD doesn’t have any beacon frame to transmit and knows there was no NST requirement in the latest received SPD beacon frame within last aNSTValidCount superframes, it shall indicate that the next superframe may be granted to the SPD through PLME-ANP-DECISION.request primitive with the ANP_Response parameter set to ACK. 
The PHY layer of the PPD shall make the final decision with considering both the request of the upper layer and whether it detects an RTS burst or not. If the ANP_Response parameter in PLME-ANP-DECISION.request primitive is NACK, the PHY layer of the PPD shall transmit NACK codeword in the ANP period. If the ANP_Response parameter in PLME-ANP-DECISION.request primitive is ACK, the PPD acts as follows.
If the PPD detects an RTS burst from an SPD, the PPD shall transmit the ACK corresponding to the received RTS codeword during the ANP. The PPD shall then enable its receiver for a period of one slot. If, during this time, the beacon frame of the SPD is detected, the receiver shall remain on, and the beacon frame shall be received and passed to the higher layer via the MLME-INCOMING-BEACON.indication primitive. Immediately following the beacon frame reception (and following the one-slot period, if a beacon frame is not detected), the receiver shall remain enabled through the receive period, where the PPD again monitors for an RTS burst. In this case, the PPD shall transmit a NACK in the ANP period whether it receives an RTS burst or not, in order to ensure that at least every other beacon frame is transmitted by the PPD.
If the PPD detects more than one RTS burst from different SPDs, the PHY layer of the PPD shall select one of the detected RTS codewords randomly and transmit the corresponding ACK during the ANP to allow a particular SPD to transmit a beacon frame. the PPD shall permit at most one of the SPDs to transmit its beacon frame in the following superframe. The PPD has the option to continue its own beacon frame transmissions and can choose to ignore the RTS bursts by transmitting a NACK during the ANP. If the PPD does choose to allow a particular SPD to transmit a beacon frame, the PPD shall transmit the ACK corresponding to the received RTS codeword during the ANP.
If the PPD doesn’t detect any RTS burst from SPDs, the PHY layer of the PPD shall tranmit NACK codeword during the ANP.

If the PPD receives an SPD’s beacon frame with the NST subfield set to one, the PPD may grant the SPD permission to transmit an additional beacon frame without requiring that a second RTS burst be sent. If the PPD decides to allow this, it shall respond to the SPD by sending a Go-On response in the ANP within aNSTValidCount superframes of receiving the SPD’s initial beacon frame.
If the PPD receives an SPD’s beacon frame with the NST subfield set to one and one or more other SPDs send an RTS burst in the following superframe, the PPD has three choices. The PPD may either choose to allow the first SPD to transmit another beacon frame by sending a Go-On response in the ANP, choose to allow one of the other SPDs to transmit a beacon frame by sending a matched ACK in the ANP, or choose to send its own beacon frame by sending a NACK in the ANP.
The PHY layer shall notify its final decision to the MAC through PLME-ANP-DECISION.confirm primitive. If the PHY finally selects NACK to respond the ACK instructed by the MAC, it means the MAC has no new information from the NHL to send and the PPD have to send its beacon frame in the next superframe. The MAC shall send the latest MPDU to the PHY.  
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