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Problem Description:

In the current IEEE 802.22.1/D2 [1], a superframe period consists of, except for the initialization procedure, a beaconing period (for transmission of PPDU) and an inter-device communication period (including the receive period and the ANP), as shown in Figure 2(a). The internal operating state of the transceiver is changed via the PLME-SET-TRX-STATE primitive, and it is required to set the transceiver state three times during a superframe period. . 
The PPD controls the radio channel; it will transmit for most of the time. The SPD is always listening except for when it has beacon frames to send. So the internal operating state of the transceiver of the protecting device doesn’t change so often. 
The internal operating states of the transceiver are changed during a superframe period according to the protecting device’s role and state, as show in Table X.
The operating state of the transceiver changes regularly during a superframe period or during a relatively longer period, so we could set the operating states of the transceiver for a superframe period or a relatively longer period via the updated primitives of PLME-SET-TRX-STATE to save a great amount of signalling exchanges between MAC and PHY.
Suggested Remedy:

Modify the PLME-SET-TRX-STATE primitive
6.2.2.11 PLME-SET-TRX-STATE.request

The PLME-SET-TRX-STATE.request primitive is generated by the MLME and issued to its PLME to request that the PHY entity change the internal operating states of the transceiver during a superframe period. Table 16 specifies the parameters for the PLME-SET-TRX-STATE.request primitive. 
Table 16—PLME-SET-TRX-STATE.request parameters
	Name
	Type
	Valid range
	Description

	TRX_State1
	Enumeration
	RX_ON, TX_ON, or TRX_OFF
	The new state in which to configure the transceiver during the beaconing period.

	TRX_State2
	Enumeration
	RX_ON, TX_ON, or TRX_OFF
	The new state in which to configure the transceiver during the receive period.

	TRX_State3
	Enumeration
	RX_ON, TX_ON, or TRX_OFF
	The new state in which to configure the transceiver during the ANP.

	Periodic
	Boolean
	TRUE or FALSE
	If this parameter is TRUE, the operating states of the transceiver will be held until receiving a new PLME-SET-TRX-STATE.request.
Otherwise, the operating states only apply to the current superframe period.


The transceiver has three main states:

— Transceiver disabled (TRX_OFF)

— Transmitter enabled (TX_ON)

— Receiver enabled (RX_ON).
In the device initialization phase, TRX_State1, TRX_State2 and TRX_State3 are set with the same states. After receiving the primitive of MLME-SEARCH.request, the MAC will ask transceiver always listening in one superframe, i.e. the parameter set of the primitive of PLME- SET-TRX-STATE.request is set as (RX_ON, RX_ON, RX_ON, TRUE). After the PPD MAC told its PHY triggering the initial transmission, the transceiver is always transmitting in one superframe, i.e. the parameter set of the primitive of PLME- SET-TRX-STATE.request is set as (TX_ON, TX _ON, TX _ON, TRUE). 

On receipt of the PLME-SET-TRX-STATE.request primitive, the PLME will cause the PHY to change the operating state of the transceiver according to the parameters of this primitive in the different periods within the following superframe. Once this primitive is accepted, the PLME will issue the PLME-SET-TRX-STATE.confirm primitive with a status of COMPLETE.
6.2.2.12 PLME-SET-TRX-STATE.confirm

The PLME-SET-TRX-STATE.confirm primitive is generated by the PLME and issued to its MLME in response to a PLME-SET-TRX-STATE.request primitive. Table 17 specifies the parameters for the PLME-SET-TRXSTATE.confirm primitive.
Table 17—PLME-SET-TRX-STATE.confirm parameters
	Name
	Type
	Valid range
	Description

	Status
	Enumeration
	COMPLETE
	The result of the request to change the states of the transceiver.


On receipt of the PLME-SET-TRX-STATE.confirm primitive, the MLME is notified that its request to change the internal operating states of the transceiver was accepted.
Add one section of 7.4.x of “Setting the internal operating states of the transceiver”:

The PPD controls the radio channel; it will transmit for most of the time. The SPD is always listening except for when it has beacon frames to send. So the internal operating state of the transceiver of the protecting device doesn’t change so often. 
The internal operating states of the transceiver are changed during a superframe period according to the protecting device’s role and state, as show in Table X
Table X – The transceiver states during a superframe period
	PD
	Condition
	Beaconing period
	Receive period
	ANP

	PPD
	Transmit
	Tx
	Rx
	Tx

	
	Receive
	Rx
	Rx
	Tx

	SPD
	Listen
	Rx
	Rx
	Rx

	
	Transmit RTS burst
	Rx
	Tx
	Rx

	
	Transmit Beacon
	Tx
	Rx
	Rx

	NPD
	Listen + Heartbeat 
	Rx
	Tx
	Rx

	
	Transmit + Heartbeat
	Tx
	Tx
	Rx


The operating state of the transceiver changes regularly during a superframe period or during a relatively longer period, so we set the operating states of the transceiver for a superframe period or a relatively longer period via the updated primitives of PLME-SET-TRX-STATE to save a great amount of signalling exchanges between MAC and PHY.

The primitive of PLME-SET-TRX-STATE.request carries four parameters, i.e.  TRX_State1 (the transceiver state in the beaconing period), TRX_State2 (the transceiver state in the receive period), TRX_State3 (the transceiver state in the ANP) and Periodic which indicates whether the combination of the first state parameter will be held until receiving the next PLME-SET-TRX-STATE.request. The setting of the 4 parameters for the next superframe(s) refers to Table Y.
Table Y –Setting the internal operating states of the transceiver
	PD
	Condition
	TRX_State1
	TRX_State2
	TRX_State3
	Periodic

	PPD
	Transmit (1)
	TX_ON
	RX_ON
	TX_ON
	TRUE

	
	Receive (2)
	RX_ON
	RX_ON
	TX_ON
	FALSE

	SPD
	Listen (4)
	RX_ON
	RX_ON
	RX_ON
	TRUE

	
	Transmit RTS burst (3)
	RX_ON
	TX_ON
	RX_ON
	FALSE

	
	Transmit Beacon (5)
	TX_ON
	RX_ON
	RX_ON
	FALSE

	NPD
	Listen + Heartbeat  (6)
	RX_ON
	TX_ON
	RX_ON
	FALSE

	
	Transmit + Heartbeat (7)
	TX_ON
	TX_ON
	RX_ON
	FALSE


· After the MAC sublayer of the PPD receives a PLME-ANP-DECISION.confirm primitive
1. (TX_ON, RX_ON, TX_ON, TRUE), if the ANPResponse parameter is NACK  

2. (RX_ON, RX_ON, TX_ON, FALSE), otherwise.

· After the MAC sublayer of the SPD receives a PLME-ANP-RESPONSE.indication primitive with the ANPResponse parameter set to NACK

3. (RX_ON, TX_ON, RX_ON, FALSE), if a MLME-START-BEACON.request primitive is also received. 

4. (RX_ON, RX_ON, RX_ON, TRUE), otherwise.

· After the MAC sublayer of the SPD receives a PLME-ANP-RESPONSE.indication primitive with the ANPResponse parameter set to its corresponding ACK or GO-ON.

5. (TX_ON, RX_ON, RX_ON, FALSE)

· When it is the time for the NPD to send the NPD codeword

6. (RX_ON, TX_ON, RX_ON, FALSE), if the NPD just listen in the beaconing period. 

7. (TX_ON, TX_ON, RX_ON, FALSE), if the NPD send its beacon in the beaconing period.

Add one task for the MAC sublayer:
— Generating beacon frames

— Synchronizing to beacon frames transmitted by peer devices

— Supporting message authentication and integrity

— Employing the radio channel access mechanism

— Providing a reliable link between two peer MAC entities

Modify the text in 7.4.6.3 in Page 68

“If the PPD detects an RTS burst from an SPD and has decided to reserve the upcoming superframe for that SPD, the PPD shall transmit the ACK corresponding to the received RTS codeword during the ANP. The PPD shall then enable its receiver for the beaconing period a period of one slot. If, during this time, the beacon frame of the SPD is detected, the receiver shall remain on, and t The beacon frame shall be received and passed to the next 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 listens for an RTS burst or the NPD codeword. No SPD shall transmit an RTS burst during the receive period following another SPD’s beacon frame. However, if the PPD does hear one, it shall be ignored. The PPD shall transmit a NACK during the ANP whether it receives an RTS burst or not, in order to ensure that at least every other beacon frame is transmitted by the PPD.”
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Abstract


In this document, a means of setting the internal operating states of the transceiver is suggested to improve the efficiency of the PLME-SET-TRX-STATE primitive.
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