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Text Proposal for Sleep Mode Operation for IEEE 802.16m Amendment (AWD-15.2.16)

Maruti Gupta, Shantidev Mohanty
Intel Corporation
1 Text Proposal for AAI_SLP-REQ/RSP/ACK Message Information Contents
AAI_SLP-REQ, AAI_SLP-RSP, AAI_SLP-ACK message formats are not defined in the current AWD.  This contribution proposes the format and information contents of these messages.
Proposed Text #1
================= Start of Proposed Text #1========================
15.2.16.1 [add the following text after first paragraph].

The information contents of AAI_SLP-REQ, AAI_SLP-ACK, and AAI_SLP-RSP messages are given in Table xx, Table yy, and Table zz, respectively.



Table xx: AAI_SLP-REQ Message contents
	Information field
	Size (bit)
	Notes

	Definition
	1
	0: Sleep Cycle Definition is not present

1: Sleep Cycle Definition is present



	Request_Code
	2
	0b00 : Exit from Sleep Mode

0b01 : Enter Sleep Mode

0b10 : Change Sleep Mode

0b11 : Re-activate previously defined Sleep cycle

	Reserved
	1
	Shall be set to zero

	Sleep_Cycle_ID
	4
	

	if(Request_Code == 0b01  || Request_Code == 0b10) {
	—
	—

	TRF-IND_required
	1
	0 : DL unicast Traffic Indication via MOB_TRF-IND message is not required
1 : DL unicast Traffic Indication via MOB_TRF-IND message is required

	LWEF
	1
	0 : Extended Listening Window scheme is not supported
1 : Extended Listening Window scheme is supported

	  Start Frame Number
	6
	Least Significant 6 bits of Frame Number

	Initial Sleep Window
	8
	—

	Final Sleep Window
	10
	—

	Listening Window
	6
	—

	Listening sub-frame bitmap
	6
	The bitmap indicates the sub-frames where the AMS needs to remain awake

	}
	—
	—

	NISCF flag

	1
	0: always start from initial sleep window

1: starts from a value different than the initial sleep window

	IF (NISCF ==1) {
	
	

	New initial sleep window
	8
	The number of bits is same as the initial sleep window value



	}
	
	


Parameters shall be as follows

Request Code

This indicates request type of MOB_SLP-REQ message.

0b00 = MOB_SLP-REQ message is transmitted to exit from sleep Mode

0b01 = MOB_SLP-REQ message is transmitted to enter sleep Mode

0b10 = MOB_SLP-REQ message is transmitted to change the characteristics of sleep Mode

0b11 = MOB_SLP-REQ message is transmitted to re-activate a previously defined sleep cycle

     Sleep_Cycle_ID

A 4-bit ID field that identifies a particular sleep cycle profile for a given AMS.

TRF-IND_Required

1 = BS is requested to transmit a MOB_TRF-IND message during an MS’s Listening Window. When the BS has DL pending unicast data traffic for the MS, the BS informs the MS of positive traffic indication via MOB_TRF-IND message.

0 = Traffic Indication via MOB_TRF-IND is not required

LEWF

This indicates whether Extended Listening Window scheme (see 15.x.x.) is or not supported.

Start_Frame_Number

Start frame number for first sleep window. This represents the 6 significant bits of frame number in which MS enters the first sleep state in Sleep Mode. 
Initial_Sleep_Window

This indicates an assigned duration for the initial sleep window (measured in frames).

Final Sleep Window
This parameter shall be used only when TRF-IND_required = 1. This indicates assigned duration for the final sleep window (measured in frames).

Listening_Window

Assigned Duration of MS listening window (measured in frames). The Basic_Listening_Window may be extended as long as there is UL/DL data traffic between MS and BS
Table yy AAI_SLP-RSP message format
	Information field
	Size (bit)
	Notes

	Response_Code
	2
	0b00 : Request by BS in Unsolicited Manner

0b01 : Approval of MOB_SLP-REQ

0b10 : Rejection of MOB_SLP-REQ

0b11 : Reserved

	if(Response_Code == 0b00 || 0b01) {
	
	

	Operation
	2
	0b00 : Exit Sleep Mode

0b01 : Enter Sleep Mode

0b10 : Change Sleep Mode

0b11 : Re-activate Previous Sleep Cycle

	   Sleep_Cycle_ID
	4
	16 possible sleep cycle values to choose from.

	if(Operation == 0b01 || 0b10) {
	—
	—

	TRF-IND_required
	1
	0 : Traffic Indication via MOB_TRF-IND message is  disabled
1 : Traffic Indication via MOB_TRF-IND message is  enabled

	LWEF_required
	1
	0 : Extended Listening Window scheme is  disabled
1 : Extended Listening Window scheme is  enabled
In case of TRF-IND required = 1, ELI_required shall be set to 1

	Start_Frame_Number
	6
	Least Significant 7 bits of Frame Number

	       Initial Sleep Window
	8
	——

	       Final Sleep Window
	10
	—

	Listening Window
	6
	—

	Listening sub-frame bitmap
	6
	The bitmap indicates the sub-frames where the AMS needs to remain awake

	if(TRF-IND required == 1) {
	—
	—

	SLPID
	10
	—

	Reserved
	6
	—

	  }
	—
	—

	NISCF flag

	1
	0: always start from initial sleep window

1: starts from a value different than the initial sleep window

	IF (NISCF ==1) {
	
	

	New initial sleep window
	8
	The number of bits is same as the initial sleep window value



	}
	
	


Parameters shall be as follows

Response_Code

This indicates response type of MOB_SLP-RSP message.

0b00 = MOB_SLP-RSP message is transmitted in unsolicited manner

0b01 = MOB_SLP-RSP message is transmitted to approve the request sent by MS

0b10 = MOB_SLP-RSP message is transmitted to reject the request sent by MS

Operation

This indicates request type of MOB_SLP-RSP message.

0b00 = Requests the exit from sleep Mode

0b01 = Requests entrance to sleep Mode

0b10 = Requests the change of the characteristics of sleep Mode

0b11 = Requests re-activation of a previously defined Sleep cycle using the Sleep_Cycle_ID.

     Sleep_Cycle_ID


    A 4-bit ID assigned to identify the particular sleep cycle settings for a given AMS.

TRF-IND_Required

1 = BS enables to transmit a MOB_TRF-IND message during an MS’s Listening Window. When the BS has DL pending data traffic for the MS, the BS informs the MS of positive traffic indication via MOB_TRF-IND message.

0 = Traffic Indication via MOB_TRF-IND is disabled
LWEF_Required

This indicates whether Extended Listening Window scheme (see 10.xx) is supported or not.

Start_Frame_Number

Start frame number for first sleep window. This represents the 6 significant bits of frame number in which MS enters the first sleep state in Sleep Mode. 
Initial_Sleep_Window

This indicates an assigned duration for the initial sleep window (measured in frames).

Final Sleep Window
This parameter shall be used only when TRF-IND_required = 1. This indicates assigned duration for the final sleep window (measured in frames).

Listening_Window

Assigned Duration of MS listening window (measured in frames). The Basic_Listening_Window may be extended as long as there is UL/DL data traffic between MS and BS
SLPID

This is a number assigned by the BS when TRF-IND_required is set to 1. This number shall be unique in the sense that it is assigned to a single 16m-MS that is instructed to enter sleep mode. The other 16m-MS shall not be assigned the same number while the 16m-MS is still in sleep mode.

Table zz: AAI_SLP-ACK

	Information Fields
	Size (bit)
	Notes

	  ACK
	1
	1: message received

0: message failed


============================== End of Proposed Text #1 ===============
2 Text Proposal for Explicit Listening Interval Termination
The listening can be explicitly terminated by the AMS. To do this, the AMS sends a control signal to the ABS. This comment proposes to add this option to the AWD text. 
Proposed Text #2
================= Start of Proposed Text #2========================
15.2.16.2.3 Listening Window operations [add the following text after first bullet point].

· on reception of a control signal from the ABS to terminate the Listening Window 

· on transmission of a control signal from the AMS to terminate the Listening Window
· on reaching the end of the current nominal end of the Listening Window (the nominal end is the length of the Default Listening Window parameter if the Listening Window is not extended; if extended, the nominal end is length after adjusting for the length of the last extension) 

· on reaching the end of the Sleep Cycle.
At an AMS, a Listening Window shall end on encountering one of the following conditions:

· on transmission of a control signal to the AMS to terminate the Listening Window 
· on reception of a control signal from the AMS to terminate the Listening Window
· on reaching the end of the current nominal end of the Listening Window (the nominal end is the length of the Default Listening Window parameter if the Listening Window is not extended; if extended, the nominal end is length after adjusting for the length of the last extension) 

· on reaching the end of the Sleep Cycle.
The AMS transmits the control signal to terminate the listening window using either subheaders or signaling Type I as described below. 

============================== End of Proposed Text #2===============

3 Text Proposal for AAI_TRF-IND Message Location
Current AWD text described that AAI_TRF-IND message is transmitted in a pre-determined location, e.g., distributed LRUs right following the A-MAP region in the 1st subframe of a frame in the listening window. This comment proposes to transmit AAI-TRF-IND message using AMAP.
Proposed Text #3
================= Start of Proposed Text #3========================
AAI-TRF-IND message is transmitted using AMAP.
============================== End of Proposed Text #3===============

4 AAI-TRF-IND Message Contents

AAI_TRF-IND message format is not defined in the current AWD.  This contribution proposes the format and information contents of this message. 
Proposed Text #4
================= Start of Proposed Text #4========================
15.2.16.2.3.1 Traffic Indication [add the following text after first paragraph].

The information contents of AAI_TRF-IND message is are given in Table xx.

Table 1 AAI_TRF-IND message format

	Information Fields
	Size (bit)
	Notes

	FMT
	1
	

	Reserved
	3
	

	if(FMT == 0) {
	—
	—

	SLPID Group Indication Bitmap
	32
	N-th bit of SLPID-Group Indication Bitmap [MSB corresponds to N = 0] is allocated to SLPID Group that includes MS with SLPID values from N*32 to N*32+31 Meaning of this bit 0: There is no traffic for all the 32 MS that belong to the SLPID-Group 1: There is traffic for at least one MS in SLPID-Group.

	Traffic Indication Bitmap
	Variable
	The Traffic Indication bitmap comprises the multiples of 32-bit long Traffic Indication unit. A Traffic Indication unit for 32 SLPIDs is added to MOB_TRF-IND message whenever its SLPID Group is set to 1 32 bits of Traffic Indication Unit (starting from MSB) are allocated to MS in the ascending order of their SLPID values: 0: Negative indication 1: Positive indication

	}
	—
	—

	else {
	—
	—

	Num_of_SLPIDs
	
	

	For (i = 0; i < Num_of_SLPIDs; i++) {
	
	

	SLPIDs
	
	

	}
	
	

	}
	
	


Parameters shall be as follows:

FMT

The FMT field indicates one of the SLPID bit-map based format and the SLPID based format.

SLPID-Group Indication Bitmap

SLPIDs from 0 to 1023 are divided into 32 SLPID-Groups. Therefore, the respective SLPID-Group has the range as follows: SLPID-Group#0 (MSB) corresponds to SLPID = 0…31. SLPID-Group #1 corresponds to SLPID = 32…63. … SLPID-Group#31 corresponds to SLPID = 992…1023. SLPID-Group Indication Bitmap is a 32-bit field where each bit is assigned to the respective SLPID-Group. In other words, the MSB in the field is assigned to SLPID-Group#0, and subsequent bit relates to SLPID-Group #1, etc. The n-th bit (bn), n = 0~31, of SLPID-Group Indication Bitmap shall be interpreted in the following manner: bn = 0 means that there is no traffic for all the 32 MS belonging to SLPID-Group #n. In this case, the MS in sleep mode belonging to SLPID-Group #n may return to sleep mode. bn = 1 means that there exists traffic for one or more MS belonging to SLPID-Group #n. In this case, the MS in sleep mode belonging to SLPID-Group #n shall read its own Traffic Indication bit-map in MOB_TRF-IND message.

Traffic Indication bit-map

The Traffic Indication bit map comprises the multiples of 32-bit long Traffic Indication Unit for every SLPID-Group with SLPID-Group indication bit = 1. Bits in a 32-bit Traffic Indication unit (starting from MSB) are allocated to MS to in ascending order of SLPIDs. Each bit signals traffic information for the corresponding MS as follows: 

0: Negative indication 

1: Positive indication

Num_of_SLPID

 The number of SLPID with positive indication.

SLPID 

The SLPID of the MS belonging to the Power_Saving_Class_ID which will be deactivated by this message and the associated MS shall transit into an awake mode. 

When MOB_TRF-IND message has FMT = 0, it may include the following TLV: 

SLPID_Update (see xxx)

The SLPID_Update is a compound TLV value that provides a shorthand method for changing the SLPID used by the MS in sleep mode operation. The SLPID_Update TLV specifies a new SLPID that replaces an old SLPID. The SLPID_Update TLV may contain multiple Old_New_SLPID values for the MS negatively indicated in MOB_TRF-IND message.

============================== End of Proposed Text #4===============
5 Call Flow and State Diagram for Sleep Mode Operation
Current AWD text for sleep mode operation does not describe the call flows and state diagram for sleep mode operation. This comment provides a contribution that provides detailed call flow and state diagram for sleep mode operation. 
Proposed Text #5
================= Start of Proposed Text #5========================
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Figure xx: AMS-initiated Sleep negotiation
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      Figure yy: ABS-initiated Sleep negotiation
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Figure zz: Sleep window operation when TIMF = 0 and LWEF = 0
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Figure  aa: Fixed Sleep Cycle Operation with LWEF = 1 and TIMF = 0.
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Figure bb:  Exponential Sleep Cycle with TIMF = 1 and LWEF = 1
============================== End of Proposed Text #5===============
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