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Comment on AWD Sleep Mode 
Giwon Park, Kiseon Ryu, Yongho Kim, Jin Sam Kwak
LG Electronics.

1. Introduction
This contribution includes the proposed texts for sleep mode sections to be in the 802.16m Amendment. The technical texts and ToCs are inherited from the 802.16m SRD [1], 802.16m SDD [2], and the 802.16 Rev2/D9 [3]. In this contribution, amendment text including several sleep mode messages and illustrations is proposed for the sleep mode section in which 16m members have enough consensus.
2. Modifications from the SDD and key-descriptions
This contribution modified the SDD by adding the detailed descriptions for the following issues.
· Early Listening Window Termination Flag (ELWTF)

This indicates whether the scheme of Early Listening Window Termination is or not required in Sleep Mode.

In case that ELWTF is set to 0, an AMS shall not sleep if default listening window does not end, and if the T_AMS timer has not expired or a T_HARQ_Retx timer has not expired when the length of the Listening Window is already larger than the length of the default listening window.
· Sleep mode messages and Header
AAI_SLP-REQ/RSP, AAI_TRF-IND, DL Sleep Control Extended Header, BR and UL Sleep Control Signaling Header

3. References
[1] IEEE 802.16m-07/002r8, “802.16m System Requirements Document (SRD)” 

[2] IEEE 802.16m-08/003r9a, “The Draft IEEE 802.16m System Description Document”

[3] IEEE P802.16 Rev2 / D9, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” January. 2009.

[4] IEEE 802.16m-09/0010r2, “IEEE 802.16m Amendment Working Document”

4. Text proposal for the 802.16m amendment
[Add the following text in 15.2.5 section]
-----------------------------------------------------------Start of the Text---------------------------------------------------------
15.2.5 AAI MAC Management Messages
15.2.5.x AAI_SLP-REQ

The AMS in Active Mode may use the AAI_SLP-REQ message with Request_Code = 0b01 (i.e. Enter Sleep Mode) to request a permission to enter Sleep Mode. The AMS in Sleep Mode can change the characteristic of Sleep Mode or exit from Sleep Mode by transmitting AAI_SLP-REQ with Request Code = 0b10(i.e. Change Sleep Mode) or 0b00(i.e. Exit from Sleep Mode).
Table xx. AAI_SLP-REQ message format

	Syntax
	Size (bit)
	Notes

	AAI_SLP-REQ () {
	
	

	Request_Code
	2
	0b00 : Exit from Sleep Mode

0b01 : Enter Sleep Mode

0b10 : Change Sleep Mode

0b11 : Reserved

	Sleep_Cycle_ID (SCID)
	4
	

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

	Traffic Indication Message Flag (TIMF)
	1
	If TIMF = 0, then a Traffic Indication Message is never sent

If TIMF = 1, then a Traffic Indication Message is sent every Listening window

	Listening window Extension Flag (LWEF)
	1
	If LWEF = 0, the Listening window is of fixed duration.

If LWEF = 1, the Listening window can be extended and is of variable duration 

In case of TIMF = 1, LWEF shall be set to 1

	Early Listening Window Termination  Flag (ELWTF)
	1
	If ELWTF = 0, the early listening window termination is not supported.

If ELWTF = 1, the early listening window termination is supported.

	Start Frame Number
	6
	Start frame number for first sleep window

	Initial Sleep Cycle
	8
	—

	Final Sleep Cycle
	10
	—

	Listening Window
	6
	—

	if(LWEF == 1) {
	
	

	T_AMS
	4
	Measured in Frames

	T_HARQ_Retx
	4
	Measured in Frames

	}
	
	

	Padding
	variable
	Padding bits to ensure byte aligned.

	}
	—
	—

	}
	
	


The AAI_SLP-REQ message includes one of the following parameters:

Request Code

This indicates request type of AAI_SLP-REQ message.

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

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

0b10 = AAI_SLP-REQ message is transmitted to change the characteristics of sleep Mode
Sleep_Cycle_ID (SCID)

This ID indicates the Sleep cycle setting which shall be applied to all the connections of the AMS.
Traffic Indication Message Flag (TIMF)
If TIMF = 0, then a Traffic Indication Message is never sent

If TIMF = 1, then a Traffic Indication Message is sent every Listening window
Listening window Extension Flag (LWEF)
This indicates whether Extended Listening Window scheme is or not required in Sleep Mode.

In case that TIMF is set to 1, Extended Listening Window scheme shall be enabled.
Early Listening Window Termination Flag (ELWTF)
This indicates whether the scheme of Early Listening Window Termination is or not required in Sleep Mode.

In case that ELWTF is set to 0, an AMS shall not sleep if default listening window does not end, and if the T_AMS timer has not expired or a T_HARQ_Retx timer has not expired when the length of the Listening Window is already larger than the length of the default listening window.
Start_Frame_Number

Start frame number for first Sleep window. This represents frame number in which the AMS enters the first sleep state in Sleep Mode.  .

Initial_Sleep_Cycle

This indicates an assigned duration for the initial sleep cyle during which an AMS keeps sleep state in Sleep Mode (measured in frames).
Final Sleep Cycle

This indicates assigned duration for the final sleep cycle (measured in frames).

Listening_Window

Assigned Duration of AMS listening window (measured in frames). The Basic_Listening_Window may be extended as long as there is UL/DL data traffic between AMS and ABS when LWEF = 1
T_AMS
When Listening Window is extended, Time duration for AMS to keep awake in order to receive DL MAC PDU or HARQ ACK or Assignment-A-MAP IE from an ABS.

T_HARQ_Retx
When there is NAK for HARQ retransmission in UL or DL and Listening Window is extended, Time duration for AMS to keep awake until AMS receives/sends an ACK for HARQ retransmission in UL or DL.
15.2.5.x AAI_SLP-RSP
The AAI_SLP-RSP message shall be sent from an ABS to an AMS in response to a AAI_SLP-REQ message.
Table xx. AAI_SLP-RSP message format

	Syntax
	Size (bit)
	Notes

	AAI_SLP-RSP () {
	
	

	Response_Code
	2
	0b00 : Request by ABS in Unsolicited Manner

0b01 : Approval of AAI_SLP-REQ

0b10 : Rejection of AAI_SLP-REQ

0b11 : Reserved

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

	Operation
	2
	0b00 : Exit Sleep Mode

0b01 : Enter Sleep Mode

0b10 : Change Sleep Mode

0b11 : Reserved

	Sleep_Cycle_ID (SCID)
	4
	

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

	Traffic Indication Message Flag (TIMF)
	1
	If TIMF = 0, then a Traffic Indication Message is never sent

If TIMF = 1, then a Traffic Indication Message is sent every Listening window

	Listening window Extension Flag (LWEF)
	1
	If LWEF = 0, the Listening window is of fixed duration.

If LWEF = 1, the Listening window can be extended and is of variable duration 

In case of TIMF = 1, LWEF shall be set to 1

	Early Listening Window Termination  Flag (ELWTF)
	1
	If ELWTF = 0, the early listening window termination is not supported.

If ELWTF = 1, the early listening window termination is supported.

	Start_Frame_Number
	6
	Start frame number for first sleep window

	Initial Sleep Cycle
	8
	—

	Final Sleep Cycle
	10
	—

	Listening Window
	6
	—

	if(TIMF == 1) {
	
	

	SLPID
	10
	—

	Reserved
	2
	

	}
	—
	—

	if(LWEF == 1) {
	
	

	T_AMS
	4
	Measured in Frames

	T_HARQ_Retx
	4
	Measured in Frames

	}
	
	

	Padding
	variable
	Padding bits to ensure byte aligned.

	}
	
	

	else if(Response_Code == 0b10) {
	—
	

	REQ_duration
	8
	Least Significant 8 bits of Frame Number

	Reserved
	4
	

	}
	—
	

	}
	
	


The AAI_SLP-RSP message includes one of the following parameters:

Response_Code

This indicates response type of AAI_SLP-RSP message.

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

0b01 = AAI_SLP-RSP message is transmitted to approve the request sent by AMS

0b10 = AAI_SLP-RSP message is transmitted to reject the request sent by AMS

Operation

This indicates request type of AAI_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
Sleep_Cycle_ID (SCID)

This ID indicates the Sleep cycle setting which shall be applied to all the connections of the AMS.

Traffic Indication Message Flag (TIMF)
If TIMF = 0, then a Traffic Indication Message is never sent

If TIMF = 1, then a Traffic Indication Message is sent every Listening window
Listening window Extension Flag (LWEF)
This indicates whether Extended Listening Window scheme is or not required in Sleep Mode.

In case that TIMF is set to 1, Extended Listening Window scheme shall be enabled.
Early Listening Window Termination Flag (ELWTF)
This indicates whether the scheme of Early Listening Window Termination is or not required in Sleep Mode.

In case that ELWTF is set to 0, an AMS shall not sleep if default listening window does not end, and if the T_AMS timer has not expired or a T_HARQ_Retx timer has not expired when the length of the Listening Window is already larger than the length of the default listening window.
Start_Frame_Number

Start frame number for first sleep window. The frame designated by Start_Frame_Number shall be the first frame of a certain Super Frame.

Initial_Sleep_Cycle

This indicates an assigned duration for the initial sleep cycle during which an AMS keeps sleep state in Sleep Mode (measured in frames).

Final Sleep Cycle

This indicates assigned duration for the final sleep cycle (measured in frames).

Listening_Window

Assigned Duration of AMS listening window (measured in frames).
SLPID

This is a number assigned by the ABS when TIMF is set to 1. This number shall be unique within a same SLP Group ID for a single AMS that is instructed to enter sleep mode. The other AMS shall not be assigned the same number and SLP Group ID while the AMS is still in sleep mode.
T_AMS
When Listening Window is extended, Time duration for AMS to keep awake in order to receive DL MAC PDU or HARQ ACK or Assignment-A-MAP IE from an ABS.

T_HARQ_Retx
When there is NAK for HARQ retransmission in UL or DL and Listening Window is extended, Time duration for AMS to keep awake until AMS receives/sends an ACK for HARQ retransmission in UL or DL.

REQ-duration

Waiting value for the AAI_SLP-REQ message retransmission (measured in MAC frames) when AMS’s request is rejected by ABS: the AMS may retransmit the AAI_SLP-REQ message after at least the frame designated by REQ-duration.
15.2.5.x AAI_TRF-IND
AAI_TRF-IND is sent for a group of AMS’s using the AAI_TRF-IND message and is placed at a pre-determined fixed location, i.e. in the continuous NTRFIND distributed LRUs right following the A-MAP region in the 1st subframe of a frame in the listening window. If AAI_TRF-IND can not be contained by two LRUs, then AAI_TRF-IND is segmented into two parts: AAI_TRF-IND_I and AAI_TRF-IND_II. If AAI_TRF-IND can be transmitted in two LRUs, then the segmentation will not be performed.
If the number of SLPIDs is larger than 2, AAI_TRF-IND is segmented and two SLPIDs are transmitted in AAI_TRF-IND_I. If segmented, the remainder, except AAI_TRF-IND_I, is transmitted in AAI_TRF-IND_II.
This message is sent if the TIMF is set to 1. If the TIMF is set to 1 for an AMS with SLPID assigned, AMS needs to detect AAI_TRF-IND in each listening window. If the AMS finds that the traffic indication flag is negative, then it goes back to sleep for the rest of the Listening period. If it is positive, and if the LWEF is 1, then it extends its Listening window as defined in section 15.2.16.2.3.2. The format of AAI_TRF-IND is given below:
Table xx. AAI_TRF-IND_I message format

	Syntax
	Size (bit)
	Notes

	AAI_TRF-IND_I () {
	
	

	Num_of_SLPIDs
	8
	Number of SLPIDs transmitted in the AAI_TRF-IND. If this value is larger than 2, AAI_TRF-IND is segmented

	if (Num_of_SLPIDs > 2) {
	
	

	Size of AAI_TRF-IND_II
	4
	Number of LRUs for AAI_TRF-IND_II

	SLPID 1 
	10
	This means a positive indication to the associated AMS.

	SLPID 2
	10
	This means a positive indication to the associated AMS.

	}
	
	

	else if (Num_of_SLPIDs == 2) {
	
	

	SLPID 1 
	10
	This means a positive indication to the associated AMS.

	SLPID 2
	10
	This means a positive indication to the associated AMS.

	Padding
	4
	If needed, for alignment to 6 byte (2LRU) boundary.

	}
	
	

	else if (Num_of_SLPIDs == 1) {
	
	

	SLPID 1 
	10
	This means a positive indication to the associated AMS.

	Padding
	14
	If needed, for alignment to 6 byte (2LRU) boundary.

	}
	
	

	else if (Num_of_SLPIDs == 0) {
	
	

	Padding
	24
	If needed, for alignment to 6 byte (2LRU) boundary.

	}
	
	

	CRC
	16
	CRC of AAI_TRF-IND I.

	}
	
	


Table xx. AAI_TRF-IND_II message format

	Syntax
	Size (bit)
	Notes

	AAI_TRF-IND_ II () {
	
	

	FMT
	1
	

	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 AMS with SLPID values from N*32 to N*32+31 Meaning of this bit 0: There is no traffic for all the 32 AMS that belong to the SLPID-Group 1: There is traffic for at least one AMS 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 AAI_TRF-IND message whenever its SLPID Group is set to 1 32 bits of Traffic Indication Unit (starting from MSB) are allocated to AMS in the ascending order of their SLPID values: 
0: Negative indication
1: Positive indication

	}
	
	

	else {
	
	

	for ( i=0; i<Num_of_SLPIDs – 2; i++) {  
	
	

	SLPIDs
	10
	

	}
	
	

	}
	
	

	Padding
	Variable
	If needed, for alignment to byte boundary.

	CRC
	16
	CRC of AAI_TRF-IND II

	}
	
	


The AAI_TRF-IND message includes one of the following parameters:

Segmentation

The Segmentation field indicates whether AAI_TRF-IND is segmented or not.
Size of AAI_TRF-IND_II

In case AAI_TRF-IND is segmented, this field indicates number of LRUs for AAI_TRF-IND_II.
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 AMS belonging to SLPID-Group #n. In this case, the AMS in sleep mode belonging to SLPID-Group #n may return to sleep mode. bn = 1 means that there exists traffic for one or more AMS belonging to SLPID-Group #n. In this case, the AMS in sleep mode belonging to SLPID-Group #n shall read its own Traffic Indication bit-map in AAI_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 AMS to in ascending order of SLPIDs. Each bit signals traffic information for the corresponding AMS as follows:
0: Negative indication

1: Positive indication

15.2.3.2.x DL Sleep Control Extended Header
The DL sleep control extended header is sent by the ABS to enter/exit sleep mode or to change sleep mode parameters. The format of DL sleep control extended header is as described in table xx. 
Table xx. DL Sleep Control Extended Header format

	Syntax
	Size (bit)
	Notes

	Last
	1
	Last Extended Header indication:

0 = one or more extended header follows the current extended header unless specified otherwise;

1 = this extended header is the last extended header unless specified otherwise

	Type
	TBD
	Type of Extended header

	Sleep_Cycle_ID (SCID)
	4
	—

	Operation
	2
	0b00: Exit Sleep Mode

0b01: Change Sleep Mode
0b10: Extension of Listening Widow
0b11: Termination of Listening Window

	if(Operation == 0b10) {
	—
	—

	Extendable Listening Window
	4
	Measured in Frames

	}
	
	

	Reserved
	variable
	Reserved bits are added at the end of DL Sleep Control Extended Header for byte alignment


Sleep_Cycle_ID (SCID)

This ID indicates the Sleep cycle setting which shall be applied to all the connections of the AMS.
Operation

This indicates request type of DL Sleep Control Extended Header.

0b00 = Requests the exit from sleep Mode

0b01 = Requests the change of the characteristics of sleep Mode

0b10 = Requests the extension of listening window

0b11 = Requests the termination of listening window
Extendable Listening Window

This indicates the number of frame for extended listening window to indicate extension of Listening Window during the Listening Window.
15.2.3.1.x BR & UL Sleep Control Signaling Header
The BR and UL sleep control signaling header is sent by the AMS to request enter/exit sleep mode. The BR and UL sleep control PDU shall consist of a BR and UL sleep control signaling header alone and shall not contain a payload. The BR and UL sleep control signaling header is illustrated Table xx.
Table xx. BR and UL Sleep Control Signaling Header format

	Syntax
	Size (bit)
	Notes

	FID
	4
	Flow Identifier. This field indicates MAC signaling header

	Type
	4
	MAC signaling header type.

	BR Type
	1
	Indicates whether the requested bandwidth is incremental or aggregate.
0: incremental

1: aggregate

	BR Size
	7
	Burst size index of UL bandwidth requested by the AMS. The BR is for the FID. The request shall be independent of the physical layer modulation and coding.

	BR FID
	4
	The FID for which UL bandwidth is requested.

	Sleep_Cycle_ID (SCID)
	4
	—

	Operation
	2
	0b00: Exit Sleep Mode

0b01: Change Sleep Mode
0b10: Request Traffic Indication

0b11: Reserved

	Reserved
	6
	Reserved bits are added for byte alignment 

	CRC
	16
	16 bit PHY CRC


Flow Identifier (FID)

This field indicates MAC signaling header

Type

MAC signaling header type

BR Type

Indicates whether the requested bandwidth is incremental or aggregate.
BR Size
The number of bytes of UL bandwidth requested by the AMS

BR Flow Identifier (FID)

The FID for which UL bandwidth is requested
Sleep_Cycle_ID (SCID)

This ID indicates the Sleep cycle setting which shall be applied to all the connections of the AMS.
Operation

This indicates request type of BR and UL Sleep Control Signaling Header.

0b00 = Requests the exit from sleep Mode

0b01 = Requests the change of the characteristics of sleep Mode
0b10 = Requests the traffic indication

CRC

16 bit PHY CRC
-----------------------------------------------------------End of the Text---------------------------------------------------------[image: image1.png]
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