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1 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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2 Text Proposal
================= Start of Proposed Text ========================
15.2.x.x. Sleep Mode
Sleep Mode is a state in which the AMS can remain absent for certain pre-negotiated intervals from the ABS air interface, while still actively connected to the ABS. The periods of AMS absence are characterized by AMS unavailability to the serving ABS. In Sleep mode, the ABS retains all the information related to the connections that currently belong to the AMS as it does during Active Mode. 
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. Such activities may include scanning for neighboring ABS, powering off components, or using sleep interval for co-located co-existence activities.

During Listening window, the AMS is expected to receive all DL transmissions same way as in the state of normal operations. In addition, the AMS needs to verify synchronization and system configuration with the ABS prior to waking up in the Listening window. If the AMS wakes up to detect that there has been a change in the ABS, then it exits Sleep mode and performs network entry with the new ABS. Or if the AMS detects a changed system configuration, the AMS shall continue reception until receiving the corresponding updated information. In this case, the AMS does not exit from Sleep mode. 
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 keeps context known as Sleep Cycle settings which keeps track of all the parameters related to the AMS’ current sleep cycle. The Sleep cycle settings apply to all the connections of the AMS and are indicated by the Sleep Cycle ID (SCID).

15.2.x.x.1 Sleep mode initiation

Sleep Mode activation/entry is initiated by the AMS and is supported by default. ABS-initiated sleep can be negotiated as part of the capability parameters between the ABS and the AMS during network re-entry. This does not exclude the possibility of the ABS terminating the sleep cycle at any time through the MOB_SLP-RSP message. 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 parameters is performed by using MAC management messages MOB_SLP-REQ and MOB_SLP-RSP. The AMS enters Sleep mode by first going into the Sleep window at the start of the Start Frame number, a parameter specified in the MOB_SLP-RSP message. All Sleep mode messages must be acknowledged to avoid the falling out of sync when the MOB_SLP-RSP message is lost and Sleep mode messages use HARQ for transmission. 

The AMS can initiate the negotiation by sending a MAC management message using a MOB_SLP-REQ message and receives a MOB_SLP-RSP message. Alternatively, the ABS can also send an unsolicited MOB_SLP-RSP message to the AMS, and the AMS replies with MOB_SLP-ACK message as shown in figure 1 below.
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Figure 1: ABS-initiated Sleep negotiation

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 Sleep Cycle update. Listening window length could be dynamically extended by one or more frames, depending on traffic buffer status or HARQ status. 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 Sleep Cycle 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 Sleep Cycle settings could be updated based on the change of AMS traffic pattern. 
16m Sleep mode operation specifies two different types of sleep mode operation, namely Sleep cycle with Fixed listening window, Sleep cycle with exponential sleep window.

The parameters in the Sleep cycle settings are specified as follows: 

- Listening window: length of the Listening window 

- Initial Sleep Window: length of initial Sleep window

- Final Sleep Window: length of initial Sleep window 

- 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
15.2.x.x.2.2 Sleep window operations
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Figure 2: Sleep Cycle Operation with Fixed Sleep window

15.2.x.x.2.2.1 Sleep Cycle Operation with Fixed Sleep window. 
In this type of operation, the Initial and Final Sleep window lengths are the same. This Sleep Cycle operation 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. If a BW request message is sent during the sleep window, then the BS allocates the UL grant allocation in the following Listening window as can be seen in the figure 2.
15.2.x.x.2.2.2 Sleep Cycle Operation with Exponential Sleep window. 
In this type of operation, the length of Initial Sleep window is not the same as the length of Final Sleep window and the Traffic Indication Message Flag is always set to 1 and the LWEF is also always set to 1. As shown in Figure 3, if the Traffic Indication message is negative for the AMS or if there is no UL traffic during the Listening window (in short the conditions stated in section 15.2.x.x.2.3.2 are not applicable), the Sleep window doubles every sleep cycle using the following rule:
Sleep window = min (2*(Previous sleep window), Final-sleep window) --- (1)

If the Traffic indication message is positive for the AMS, then the length of the Sleep window is reset to Initial Sleep window as can be seen in figure 3. The AMS and ABS send and receive data during the Listening window and the extended Listening window. The AMS can send a BW-REQ message during Sleep window and sleep mode will not be de-activated. In Exponential Sleep window operation, when the ABS receives a BW-REQ message from an AMS during Sleep window, the ABS may not wait until the Listening window to grant the UL allocation, it will assume that the AMS is now in Listening window and will continue in that state until the next Listening window. This is shown in figure 3, where SW3 is terminated early and the AMS remains in Listening mode until the following Listening window. 
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Figure 3:  Sleep Cycle with Exponential Sleep window and LWEF = 1
15.2.x.x.2.3 Listening window operations

15.2.x.x.2.3.1 Traffic Indication Message

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. 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 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 as defined in section 15.2.x.x.2.3.2. In case the AMS fails to detect a traffic indication message during its Listening window, then the behavior is TBD.
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. 
15.2.x.x.2.3.2  Listening window extension
The Listening window will be extended if any of the following conditions is true:

1. If the Listening window ends, but the ABS has pending HARQ retransmission retries and is waiting for HARQ ACK for DL data. The AMS will not go to sleep state if there are pending DL HARQ transmissions to be ACKed.

2. If the Listening window ends, but the AMS has pending HARQ retransmission retries and is waiting for HARQ ACK for UL data.

3. If the AMS has sent in a BW-REQ message during Listening window and the request is still pending.

4. If the TIMF = 1, and the ABS send a positive traffic indication message.

5. If the AMS sends BW-REQ message during Sleep window, then the AMS is assumed to be awake until the Listening window following the sleep window; the listening window itself is not extended until the following Listening window. 

15.2.x.x.2.4 Sleep Cycle Switching

The AMS or the ABS can switch the sleep cycle to a different sleep profile in response to many cases, for example, if the AMS adds another transport connection to its existing connection or in response to change in traffic patterns. Instead of the AMS resetting the Sleep Window to the initial Sleep window and then going through the process of exponentially increasing it again, the AMS may choose to change the sleep cycle to a fixed cycle duration with extensible Listening window or may change some parameters of existing sleep cycle. 

The change in the sleep cycle can be accomplished by the AMS sending a MOB_SLP-REQ message with request to re-activate a previously defined sleep cycle or change the sleep parameters of existing SCID. The ABS responds with a MOB_SLP-RSP message to confirm the change along with the start frame number of the next sleep cycle. At that point the sleep cycle changes to the new sleep cycle. Thus in figure 3, instead of the SW2 being reset to SW1, it may be reset to a different initial sleep window and listening window.

15.2.x.x.2.5 Periodic ranging in Sleep Mode

TBD
15.2.x.x.2.6 CQI Feedback during Sleep Mode

TBD
15.2.x.x.2.7 ARQ/HARQ Operations during Sleep Mode


TBD
15.2.x.x.2.8 Sleep mode termination
Sleep mode termination can be initiated by either the AMS or the ABS and uses HARQ. If AMS-initiated, then the AMS sends a MOB_SLP-REQ message with de-activation request and subsequently the ABS responds with the MOB_SLP-RSP message. The final decision to terminate rests with the ABS. The ABS can also send an unsolicited MOB_SLP-RSP message to de-activate and the AMS needs to reply with MOB_SLP-ACK to confirm the de-activation message received. 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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