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Introduction

The contribution proposes the text of Sleep Mode section to be included in the 802.16m amendment [1]. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D9 [2], it is compliant to the 802.16m SRD [3] and the 802.16m SDD [4], and it follows the style and format guidelines in [5].
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Text Proposal
================= Start of Proposed Text ========================
15.2.x Power Management

15.2.x.x Sleep Mode
Sleep Mode is a state in which an AMS conducts pre-negotiated periods of absence from the serving ABS air interface. A single power saving class (PSC) is activated for an AMS, for handling all of the active connections of the AMS. Sleep Mode may be activated when an AMS is in the connected state. When Sleep Mode is active, the AMS is provided with a series of alternate listening and sleep windows. 

During a listening window, the AMS is expected to receive all DL transmissions the same way as in the Active Mode. In addition, the AMS verifies the system configuration and synchronization with the ABS, in cases where the sleep window is longer than the duration of a Super frame. The synchronization and system configuration information acquisition and verification may be done by AMS waking up at the Super Frame Header just prior to the frame in which its listening window is located to ensure that the Base Station ID, the Super Frame number, and the System Configuration Change Count are as expected. If the AMS detects a change in the ABS, it exits Sleep Mode and performs network re-entry with the new ABS. If the AMS detects a change in the System Configuration Change Count, the AMS shall continue reception until the corresponding updated system configuration information. In this case, the AMS does not exit from Sleep Mode.
During the sleep window, the ABS shall not transmit to the AMS; therefore the AMS may power down one or more physical operation components or perform other activities that do not require communication with the ABS. Such activities may include scanning for neighboring ABS, powering off components, or using sleep interval for co-located co-existence activities.

The length of successive sleep windows may remain constant or may be adaptive based on traffic conditions. Sleep windows and listening windows may also be dynamically adjusted for the purpose of data transportation as well as MAC control signaling transmission. AMS may send and receive data and MAC control signaling without deactivating the Sleep Mode.
15.2.x.x.1 Sleep Mode initiation
Sleep Mode entry can be initiated either by the AMS or by the ABS. When AMS is in Active Mode, parameters of the Sleep Mode behaviour are negotiated between the AMS and ABS. ABS makes the final decision regarding the AMS request and instructs the AMS to enter Sleep Mode.The negotiation of sleep parameters is performed by using MAC management messages MOB_SLP-REQ and MOB_SLP-RSP. The AMS can initiate the negotiation by sending a MOB_SLP-REQ message and receives a MOB_SLP-RSP message. Alternatively, the ABS can also send a unsolicited MOB_SLP-RSP message to the AMS. During the negotiation of Sleep Mode initiation, the PSC parameters are set which determine the Sleep Mode behaviour starting from a certain frame. The starting frame number for the Sleep Mode is also negociated by AMS and ABS.
15.2.x.x.2 Sleep Mode operation

15.2.x.x.2.1 Sleep cycle operations
The basic listening window length is a fixed value, which is set during the initiation of the Sleep Mode or during the PSC update. Listening window length could be dynamically extended by one or more frames. The listening window extension is specified in section 15.2.x.x.2.3.2. Sleep window length can be of fixed value or increase exponentially. A sleep cycle is the summation of adjacent listening window and sleep window. In the PSC with fixed sleep window, sleep cycle is of fixed length. In case of exponential sleep window, sleep cycle enlarges until the final sleep window length is arrived.

The definition of PSC could be updated based on the change of AMS traffic pattern. Parameters of the updated PSC are negotiated between the AMS and ABS. ABS makes the final decision regarding the AMS request and instructs the AMS to activate a new PSC definition.The negotiation of sleep parameters is performed by using MOB_SLP-REQ and MOB_SLP-RSP. The AMS can initiate the negotiation by sending a MOB_SLP-REQ message and receives a MOB_SLP-RSP message. Alternatively, the ABS can also send a unsolicited MOB_SLP-RSP message to the AMS.
The parameters for a PSC are specified as follows: 

- Listening Window: length of the listening window in unit of frames

- Initial Sleep Window: length of initial sleep window in units of frames

- Final Sleep Window Base: 
- Final Sleep Window exponent: 
the length of final sleep window is calculated by 
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in units of frames. Final Sleep Window Base and Final Sleep Window Exponent are present when the PSC has exponential sleep window length.  

- Listening Window Extension Flag (LWEF): 

If LWEF = 0, the listening window is of fixed duration.

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

- 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 during listening window, and AMS determines its sleep mode behavior depending on the information transmitted in the message. The details of traffic indication and the message are given in section 15.2.x.x.2.3.1.
- Listening Window Extension on New Data Transmission Flag (LWENDF)

If LWENDF = 0, the listening window is not automatically extended in case of new data scheduling in the last frame in the listening window

If LWENDF = 1, the listening window is automatically extended for NLWEND frames in case of new data scheduling in the last frame in the listening window. NLWEND is set by ABS during the Sleep Mode initiation or update.

- Listening Window Extension on New Data Transmission (NLWEND)

- Offset to start PSC: starting time of PSC

  - New Initial_Sleep_Window:  

          This indicates a new assigned duration for the initial sleep window (measured in frames).
15.2.x.x.2.1.1 MOB_SLP-REQ (sleep request) message

The AMS may use the MOB_SLP-REQ message with Request_Code = 0b01 to request a permission to enter Sleep Mode and activate a PSC. The AMS in Sleep Mode can request to change the characteristic of Sleep Mode by transmitting MOB_SLP-REQ with Request Code = 0b10, or exit from Sleep Mode with Request Code = 0b00. ABS may send MOB_SLP-RSP message to order AMS to exit from Sleep Mode with Response Code = 0, or to enter Sleep Mode/update PSC with Response Code = 1. 


Table 1 MOB_SLP-REQ Message Format
	Syntax
	Size (bit)
	Notes

	MOB_SLP-REQ_Message_format() {
	—
	—

	  Management Message Type = XXX
	8
	—

	  Request_Code
	2
	0b00 : Exit from Sleep Mode
0b01 : Activate a PSC
0b10 : Change to a PSC
0b11 : Reserved

	  PSC_ID
	6
	The ID of the PSC requested to be activated.

	  Starting_frame_number
	TBD
	The number of the frame where the PSC is requested to start to take effect.

	  TIMF
	1
	0: Traffic Indication Message is never sent

1: Traffic Indication Message is sent during listening window

	  LWEF
	1
	0 : Extended listening window scheme is not supported
1 : Extended listening window scheme is supported

	  LWENDF
	1
	0: the listening window is not automatically extended in case of new data scheduling in the last frame in the listening window

1: the listening window is automatically extended for NLWEND frames in case of new data scheduling in the last frame in the listening window. NLWEND is set by ABS during the Sleep Mode initiation or update.

	  If ( LWENDF==1) {
	
	

	      NLWEND
	
	

	  }
	
	

	  Initial Sleep Window
	8
	—

	  Final Sleep Window Base
	10
	—

	  Final Sleep Window exponent
	3
	

	  Listening Window
	6
	—

	  Padding
	variable
	Padding bits to ensure byte aligned.

	TLV encoded Information
	variable
	

	}
	—
	—


Table 2 MOB_SLP-RSP message format

	Syntax
	Size (bit)
	Notes

	MOB_SLP-RSP_Message_format() {
	—
	—

	  Management Message Type = XXX+1
	8
	—

	  Response_code
	2
	0b0 : Exit Sleep Mode

0b1 : Activate/ Change PSC, or re-activate previously defined PSC

	  If (Request_Code == 1) {
	
	

	      PSC_ID
	6
	The ID of the PSC to be activated.

	      Starting_frame_number
	TBD
	The number of the frame where the PSC should start to take effect.

	      }
	
	

	    TIMF
	1
	0: Traffic Indication Message is never sent

1: Traffic Indication Message is sent during listening window

	    LWEF
	1
	0 : Extended listening window scheme is not supported
1 : Extended listening window scheme is supported

	    LWENDF
	1
	0: the listening window is not automatically extended in case of new data scheduling in the last frame in the listening window

1: the listening window is automatically extended for NLWEND frames in case of new data scheduling in the last frame in the listening window. NLWEND is set by ABS during the Sleep Mode initiation or update.

	    If ( LWENDF==1) {
	
	

	        NLWEND
	
	

	        }
	
	

	    Initial Sleep Window
	8
	—

	        Final Sleep Window Base
	10
	—

	        Final Sleep Window exponent
	3
	

	    Listening Window
	6
	—

	    NISWF
	1
	New Initial sleep window indicator

	    If (NISWF==1) {
	
	

	        New Initial Sleep window
	8
	-

	       }
	
	

	    if(TRF-IND required == 1) {
	—
	—

	        SLPID
	10
	—

	 }
	—
	—

	}
	
	

	   Padding
	variable
	Padding bits to ensure byte aligned.

	TLV encoded Information
	variable
	

	}
	—
	—


15.2.x.x.2.2 Sleep window operations
15.2.x.x.2.2.1 Sleep window operations with constant sleep window length
In the PSC with fixed sleep window, the initial and final sleep windows are of same length. This PSC is suitable for real-time traffic, i.e. VoIP. The AMS and the ABS exchange UL and DL traffic during the listening window. The ABS buffers DL traffic during the sleep window and sends it during listening window. If the AMS has UL traffic, then it is sent either during listening windows (if AMS already has UL allocations for UL data) or there may be a BW request message sent during the sleep window. Constant sleep window length is activated by setting the final sleep window base equal to sleep window length and final sleep window exponent equal to 0.
15.2.x.x.2.2.2 Sleep window operations with exponential sleep window length
In the PSC with exponential sleep window, the length of initial sleep window is not the same as the length of final sleep window and the TIMF is always set to 1 and the LWEF is also always set to 1.

If the Traffic Indication message is negative for the AMS or if there is no UL traffic during the listening window, the sleep window length is updated every sleep cycle using the following rule:

sleep window = min (2*(Previous sleep window), Final sleep window) --- (1)
In a specific listening window, if traffic is exchanged between AMS and ABS or BW-REQ is transmitted by AMS, the next sleep window is reset to the initial sleep window length. The next sleep window could be the different length according to the New Initial Sleep Window Flag (NISWF). If the NISWF is set to 0 then the Initial sleep window is always the same as the first Initial sleep. ABS and AMS shall ensure the synchronization on the sleep/listening windows’ boundary. 
· For UL traffic, ABS could know from the UL transmission whether AMS has already received the UL scheduling information.
· For DL traffic, if HARQ is enabled, ABS could know it from HARQ ACK/NAK channel. If HARQ is not enabled, the DL scheduling information itself needs to be ACKed by AMS. Corresponding ACK channel should be allocated for the scheduling information. This is only needed for the 1st DL scheduling information in the listening window. For the following scheduling (after the 1st scheduling is ACKed), the ACK channel is not needed any more. The details of the ACKCH allocation are TBD.

15.2.x.x.2.3 Listening window operations
15.2.x.x.2.3.1 Traffic Indication
Traffic Indication is sent for a group of AMS’s using the MOB_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 MOB_TRF-IND can not be contained by two LRUs, then MOB_TRF-IND is segmented into two parts: MOB_TRF-IND_I and MOB_TRF-IND_II. MOB_TRF-IND_I is transmitted by 2 LRUs. If MOB_TRF-IND can be transmitted in two LRUs, then the segmentation will not be performed, and NTRFIND = 2. If segmented, MOB_TRF-IND_I and MOB_TRF-IND_II are separately encoded; the size of MOB_TRF-IND_II is indicated in MOB_TRF-IND_I; NTRFIND = (2+size of MOB_TRF-IND_II); MOB_TRF-IND_I is transmitted in the 1st two LRUs in the NTRFIND LRUs; MOB_TRF-IND_II is transmitted in the following NTRFIND-2 LRUs. MOB_TRF-IND is encoded by CTC with 0.5 coding rate plus 4 repetitions, and modulated by QPSK. The information format of MOB_TRF-IND is given below:

Table 3 format of MOB_TRF-IND_I (MOB_TRF-IND w/o segmentation)
	Syntax
	Size (bit)
	Notes

	MOB_TRF-IND_I_format() {
	—
	—

	FMT
	1
	

	Segmentation
	1
	0: MOB_TRF-IND is not segmented 

1: MOB_TRF-IND is segmented 

If FMT==0, Segmentation is always 1.

	if(Segmentation == 1) {
	
	

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

	   }
	
	

	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 (MSB)
	10
	MSB (10bits) of detailed traffic indication bitmap. 

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 AMS in the ascending order of their SLPID values: 0: Negative indication 1: Positive indication

	   }
	—
	—

	else {
	—
	—

	SLPID 0
	10
	This means a positive indication to the associated AMS.

	SLPID 1
	10
	

	SLPID 2
	10
	

	  if(Segmentation == 0) {
	—
	No Segmentation

	    CRC
	16
	CRC of MOB_TRF-IND, when MOB_TRF-IND is not segmented

	      } else{
	
	

	    Num_of_SLPIDs
	8
	Number of SLPIDs transmitted in the MOB_TRF-IND_II

	    Reserved
	4
	

	       }
	
	

	   }
	
	

	   }
	—
	—


Table 4 format of MOB_TRF-IND_II
	Syntax
	Size (bit)
	Notes

	MOB_TRF-IND_II_format() {
	—
	—

	if(FMT == 0) {
	—
	—

	Traffic Indication Bitmap (LSB)
	variable
	LSB of detailed traffic indication bitmap.

	}
	—
	—

	else {
	—
	—

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

	SLPIDs
	10
	

	   }
	
	

	}
	
	

	Padding
	Variable
	If needed, for alignment to 3-bytes (LRU) boundary.

	TLV encoded Information
	Variable
	

	CRC
	16
	CRC of MOB_TRF-IND, when MOB_TRF-IND is segmented. The CRC is calculated by concatenating MOB_TRF-IND_I and MOB_TRF-IND_II, using CCITT-16.

	}
	—
	—


MOB_TRF-IND is sent from the ABS to the AMS. The AMS, which is not assigned SLPID, shall ignore this message. If the TIMF is set to 1 for a AMS with SLPID assigned, AMS needs to detect MOB_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 until the next listening window or until it receives or sends a DL/UL Sleep control extended subheader.
15.2.x.x.2.3.2 Listening window extension
The listening window will be extended for a certain number of frames if any of the following conditions is true:

1. If the LWENDF = 1, and if the scheduling information for a new traffic is transmitted to the AMS at the last frame in the listening window, then the listening window should be extended by NLWEND frames.

2. If a Listening Window Extension Subheader (TBD) is transmitted to AMS, then the listening window should be extended by the number of frames as configured by ABS in the subheader.
3. If the listening window ends, but the ABS has pending HARQ retransmission retries and AMS is waiting for HARQ ACK for DL data, or AMS has pending UL HARQ transmissions to be ACKed by ABS. In this case, the listening window is extended by NHARQ frames.
4. If the AMS has sent in a BW-REQ message during listening window. In this case, the listening window may be extended by NBWREQ frames if configured.
5. If the TIMF = 1, and the ABS send a positive traffic indication message. In this case, the listening window is extended until the next listening window or until it receives or sends a DL/UL Sleep control extended subheader which ends the listening window extension.

NHARQ and NBWREQ are predefined (TBD). If a listening window is extended by m frames in all, the length of the sleep window following the listening window should be s-m frames, supposing that the sleep window should be s frames if there is no listening window extension.
15.2.x.x.3 Sleep Mode termination
The Sleep Mode can be de-activated by the AMS sending a MOB_SLP-REQ message with De-activation request and the ABS responding with the MOB_SLP-RSP message with de-activation code. ABS may also send an un-solicited MOB_SLP-RSP message with de-activation code to de-activate the PSC. Receiving the MOB_SLP-RSP message with De-activation code causes the AMS to exit Sleep Mode with immediate effect.
============================== End of Proposed Text ===============
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