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Proposed Amendment Text on IEEE 802.16m Sleep Mode
Xin Qi
TGm Power Conservation Drafting Group Chair

Introduction
This contribution proposes text to be included in the Sleep Mode section of the 802.16m amendment working document (AWD). The proposed text has been developed by the TGm Power Conservation Drafting Group starting from session 60. 
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[  ------------------- Recommended AWD Text Proposal #1 --------------------]
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. 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 Window and Sleep Window.

When an AMS is in Sleep Mode, it alternates between pre-negotiated periods of unavailability known as Sleep Window and availability known as Listening Window. During Sleep Window in Sleep Mode, 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. 
During Listening Window, the AMS is expected to receive all DL transmissions same way as in the state of normal operations. AMS shall ensure that it has up-to-date system information for proper operation. 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 Super Frame number and the System Configuration Description Change Count are as expected. If the AMS detects a change in the serving BS, then it shall exit Sleep mode and perform network entry with the new ABS. If the AMS detects that the information it has is not up-to-date, then it shall not transmit in the Listening Window until it receives the up-to-date system information. 
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.
For each involved AMS, the ABS shall keep context known as Sleep Cycle setting which keeps track of all the parameters related to the AMS’ current Sleep Cycle. Per AMS, a single Sleep Cycle setting shall be applied across all the active connections of the AMS, and is indicated by the Sleep Cycle ID (SCID).
15.2.x.x.1 Sleep Mode initiation
Sleep Mode activation/entry may be initiated either by an AMS or an ABS. When AMS is in active mode, parameters of the Sleep Cycle 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 Cycle setting is performed by the exchange of corresponding MAC management messages AAI_SLP-REQ and AAI_SLP-RSP. 
The AMS may initiate the negotiation by sending an AAI_SLP-REQ message and shall expect an AAI_SLP-RSP message from the serving ABS in response. Alternatively, the ABS may initiate the negotiation by sending an unsolicited AAI_SLP-RSP message to the AMS. In this case, the AMS shall reply to the ABS with AAI_SLP-ACK message, only if HARQ is not enabled.
In the event that the ABS-initiated request (i.e. Unsolicited Sleep response) and an AMS-initiated request for Sleep Mode entry is being handled concurrently, the ABS-initiated request shall take precedence over the AMS-initiated Request. In this case, even though the AMS receives the ABS-initiated request while it is waiting for AAI_SLP-RSP message in response to AAI_SLP-REQ, the AMS shall stop the remaining procedure of the AMS-initiated request and continue with the ABS-initiated request. The ABS shall ignore an AMS’s request if the ABS has already initiated a change request. 
[  ------------------- Recommended AWD Text Proposal #2 --------------------]
15.2.x.x.2 Sleep Mode operation
15.2.x.x.2.1 Sleep Cycle operations
The period of the Sleep Cycle is measured in units of frames. A sleep cycle is the sum of a Sleep Window and a Listening Window. The first sleep cycle on entry to Sleep Mode from Active Mode does not contain a Listening Window.
A Sleep Cycle shall begin with a Listening Window. A Sleep Window shall follow the Listening Window and shall continue to the end of the current Sleep Cycle if the Listening Window does not occupy the full Sleep Cycle. If the Listening Window of a Sleep Cycle is neither extended nor terminated early, its length shall be equal to the value of the Default Listening Window parameter, which is set during the initiation of the Sleep Mode or may be changed during a Sleep Cycle update. The ABS may negotiate with the AMS that the AMS only needs to wake up in certain subframes during each frame in the listening window. For synchronization purposes, the AMS may receive the preamble symbol in the frame containing listening sub-frames or any other preamble in any of the frames during unavailability period. The AMS's exact mechanism for maintaining synchronization with the ABS, based on the preamble, is implementation-specific. The length of the Listening Window length within a Sleep Cycle may be dynamically extended, as specified in section 15.2.x.x.2.3.2.
The length of a Sleep Cycle may be changed implicitly. If there is negative indication in the traffic indication message or if there is no data traffic during the Listening Window, the AMS and ABS shall update the length of the Sleep Cycle as follows:

Current Sleep Cycle = min( 2 x Previous Sleep Cycle, Final Sleep Cycle)………………….(x)

The value of the Default Listening Window shall remain unchanged when Sleep Cycle is changed implicitly according to Equation (x).
The parameters associated with Sleep Cycle operation are specified as follows: 

- Default Listening Window: length of the Default Listening Window 
- Initial Sleep Cycle: length of initial Sleep Cycle
- Final Sleep Cycle: length of final Sleep Cycle

- Starting Frame Number: The number of the frame where the Sleep Cycle setting is requested to start to take effect.
[Parameters for other sleep cycle settings are FFS.]
- Listening window Extension Flag (LWEF): 

If LWEF = 0, indicates that the Listening window is of fixed duration.

If LWEF = 1, indicates that 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 every Listening window
When Final Sleep Cycle is equal to or larger than 2 times the Initial Sleep Cycle, the length of Sleep Cycle exponentially enlarges until the Final Sleep Cycle is reached. This Sleep Cycle operation is suitable for BE-traffic scenario. If the traffic indication message is positive for the AMS, then the length of the Sleep Cycle shall be reset to initial Sleep Cycle. The Sleep Cycle could be the different length according to the New Initial Sleep Cycle Flag (NISCF). If the NISCF is set to 0 then the Initial Sleep Cycle is always the same as the first Initial one.
When Final Sleep Cycle is equal to the Initial Sleep Cycle, the length of Sleep Cycle is fixed. This Sleep Cycle operation is suitable for “real-time traffic-only” or “real-time and BE-traffic mixed” scenario.      
15.2.x.x.2.2 Sleep Window operations
During the Sleep Window, the AMS is unavailable to receive any DL data and MAC control signaling from the serving ABS. The AMS may perform power-down or autonomous scan or any other autonomous operations that do not involve the reception of DL transmissions. If AMS has data or MAC control signaling to transmit to ABS during the Sleep Window, AMS may interrupt the Sleep Window and request bandwidth for UL transmission with or without deactivating sleep mode based on the sleep cycle setting. 
The protocols and procedures relating to interruptions of normal Sleep Cycle operation are provided in subclause 15.2.x.x.2.5.
[  ------------------- Recommended AWD Text Proposal #3 --------------------]
15.2.x.x.2.3 Listening Window operations
During the Listening Window, the AMS shall be available to receive DL data and MAC control signaling from ABS. AMS may also send data if any uplink data is scheduled for transmission. If the Traffic Indication is enabled, the AMS shall receive and decode a traffic indication message sent by an ABS. Otherwise, the AMS shall ignore the traffic indication message.
Listening window is measured in units of frames. By default, the length of a Listening Window shall be governed by the Default Listening Window parameter.

At an AMS, a Listening Window shall end on encountering one of the following conditions:

· on reception of a control signal from the ABS 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 the serving ABS, 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 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.

After termination (by explicit signaling or implicit method) of a Listening Window, the Sleep Window of the Sleep Cycle shall begin and shall continue to the end of the Sleep Cycle.  

15.2.x.x.2.3.1 Traffic Indication
Traffic Indication is sent for one or a group of AMS using the AAI_TRF-IND message. AAI_TRF-IND is transmitted at a pre-determined 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. 
AAI_TRF-IND message shall be transmitted at the first frame of Listening Window of each AMS.
If the traffic indication is enabled for an AMS with SLPID assigned, the AMS shall wait for a traffic indication message. Upon receiving the traffic indication message, the AMS shall check whether there is positive traffic indication (e.g. by the SLPID-Group Indication bit-map and Traffic Indication bit-map or the SLPID assigned to it).

If the AMS receives a negative traffic indication, then it shall end the Listening Window and proceed with Sleep Window operation for the remainder of the Sleep Cycle. If the ABS transmits a negative indication to the AMS, the ABS shall not transmit any DL data traffic to the AMS during the remaining part of the Listening Window, unless there are UL bandwidth requests or UL MAC PDU sent from the AMS which have not been fulfilled.
If the ABS sends a positive indication to a specific AMS, the ABS shall transmit at least one DL MAC PDU to the AMS during the AMS’s Listening Window.
AAI_TRF-IND is segmented into two parts: AAI_TRF-IND_I and AAI_TRF-IND_II. AAI_TRF-IND_I is transmitted using fixed LRUs. If AAI_TRF-IND_II is transmitted, it follows the AAI_TRF-IND_I and its length will be indicated in AAI_TRF-IND_I.  
[  ------------------- Recommended AWD Text Proposal #4 --------------------]
15.2.x.x.2.3.2 Listening Window extension
The length of the Listening Window of a Sleep Cycle may be extended beyond the value of the Default Listening Window parameter setting. The maximum length of a Listening Window shall be bounded by the length of the Sleep Cycle in which the Listening Window exists. The extension of the Listening Window may be done via implicit or explicit means.

The Listening Window can be extended implicitly if one of the following conditions is true:

· Exchange of new MAC PDU between an AMS and an ABS 

· Pending HARQ retransmission in UL or DL 

· AMS sends a bandwidth request 
AMS shall maintain an inactivity timer during Listening window called the T_AMS timer, a similar timer is maintained by the ABS called the T_ABS timer. The value of T_ABS timer shall be [less than or] the same as T_AMS timer. 
AMS shall not sleep if default listening window has not ended, or the T_AMS timer has not expired, or a T_HARQ_Retx timer has not expired.
The rules regarding the starting/restarting of T_AMS timer and the T_HARQ_Retx timer at the AMS are as follows:
· If there is an exchange of new DL/UL MAC PDU between an AMS and an ABS, the T_AMS timer shall be started. If AMS receives a HARQ ACK or DL MAC PDU or Assignment-A-MAP IE from an ABS, the AMS shall restart the T_AMS timer.
· If there is NAK for HARQ retransmission in UL or DL, the T_HARQ_Retx timer for the associated HARQ process shall be started/restarted. If there is an ACK for HARQ retransmission in UL or DL, the T_HARQ_Retx timer for the associated HARQ process shall be set to zero.
· If T_HARQ_ReTx expires and number of retransmissions of the DL HARQ burst is less than the maximal retransmission number, the AMS shall restart the T_HARQ_ReTx timer and increases the retransmission number by one. 
ABS shall consider the associated AMS is in the wakeup state if default Listening Window does not end, or the T_ABS  timer does not expire, or a T_HARQ_Retx timer does not expire.

The rules regarding the starting/restarting of T_ABS timer and the T_HARQ_Retx timer at the ABS are as follows:
· If there is an exchange of new DL/UL MAC PDU between an AMS and an ABS, the T_ABS timer shall be started. If ABS receives a HARQ ACK or UL MAC PDU from an AMS, the ABS shall restart the T_ABS timer for the AMS.
· If there is NAK for HARQ retransmission in UL or DL, the T_HARQ_Retx timer for the associated HARQ process shall be started/restarted. If there is an ACK for HARQ retransmission in UL or DL, the T_HARQ_Retx timer for the associated HARQ process shall be set to zero.
The T_AMS timer is negotiated between the AMS and the ABS through AAI_SLP-REQ/RSP exchange. The ABS shall set the T_ABS timer by referring to the negotiated T_AMS timer.

If AMS sends bandwidth request during listening or sleep window, AMS shall not sleep until ABS grants an UL resource allocation for the AMS, or until AMS confirms that the bandwidth request is failed.
If ABS receives a bandwidth request from an AMS during listening or sleep window, ABS shall consider the associated AMS is in the wakeup state and ABS restarts T_ABS timer.
After the default listening window ends, if the T_ABS timer expires and the number of DL HARQ retransmission is exhausted for DL of the AMS, the ABS shall either retransmit the HARQ-failed MAC PDU or regard the AMS as returning to sleep (i.e. the Sleep Window starts).
In order to provide scheduling flexibility and to take advantage of radio link conditions and to reduce control signaling latency of AMSs, the Listening Window may also be extended explicitly. The ABS may send an explicit signaling (TBD) to indicate extension of Listening Window during the Listening Window.  
The ABS may send an explicit indication (TBD) to terminate the current Listening Window. When an ABS has a last PDU in the DL buffer during the listening window, the ABS may transmit an explicit indication provided that it allows to terminate the current Listening Window. In this case, the ABS shall regard the AMS as returning to sleep (i.e. the Sleep Window starts).
[  ------------------- Recommended AWD Text Proposal #5 --------------------]
15.2.x.x.2.4 Sleep Mode parameter update
The AMS or the ABS may dynamically change the active Sleep Cycle settings without exiting Sleep Mode. 

The Sleep Cycle setting update may be accomplished by the AMS sending an AAI_SLP-REQ message with request to re-activate a previously defined sleep cycle or change the sleep parameters of existing SCID. Changing the sleep parameters of existing SCID overrides the old parameters.  On receipt of an AAI_SLP-REQ requesting Sleep Cycle setting change, the ABS shall respond with an AAI_SLP-RSP message to confirm the change along with the start frame number, or to propose alternate settings, or to deny the requested change. At that start frame number the sleep cycle changes to the new sleep cycle settings. Alternatively, the ABS may initiate a Sleep Cycle parameter change by sending send an unsolicited AAI_SLP-RSP message to the AMS.
In the event that an ABS-initiated request (i.e. Unsolicited Sleep response) and an AMS-initiated request for Sleep Mode change or switch are being handled concurrently, the ABS-initiated request shall take precedence over the AMS-initiated Request. Therefore, if the AMS receives the ABS-initiated request while it is waiting for AAI_SLP-RSP message in response to AAI_SLP-REQ, the AMS shall stop the remaining procedure of the AMS-initiated request and continue with the ABS-initiated request. The ABS shall ignore an AMS-initiated request if it has initiated a change request.

15.2.x.x.2.5 Interruptions to Normal Sleep Cycle Operation
TBD.
15.2.x.x.3 Sleep Mode termination 
Sleep Mode termination can be initiated by either the AMS or the ABS. If AMS-initiated, then the AMS shall send an AAI_SLP-REQ message with de-activation request and subsequently the ABS shall respond with the AAI_SLP-RSP message. The ABS may also send an unsolicited AAI_SLP-RSP message to de-activate Sleep Mode. Sleep Mode shall be terminated when an AMS enters idle mode or performs handover by explicit signaling.

In the event that the ABS-initiated request (i.e. Unsolicited Sleep response) and an AMS-initiated request for Sleep Mode exit is being handled concurrently, the ABS-initiated request shall take precedence over the AMS-initiated Request. In this case, even though the AMS receives the ABS-initiated request while it is waiting for AAI_SLP-RSP message in response to AAI_SLP-REQ, the AMS shall stop the remaining procedure of the AMS-initiated request and continue with the ABS-initiated request. The ABS shall ignore an AMS request if it has initiated a change request.
============================== End of Proposed Text ===============
































  


