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Proposed changes to the Extension of Listening Window (15.3.11.2.3.2)

Baowei Ji, Zhouyue Pi, Ying Li, Yeongmoon Son, Rakesh Tori, Jungje Son 
Samsung Electronics
1.  Motivation
The AWD specification in Section 15.3.11.2.3.2 Listening Window Extension (on Page 191-193) has the following issues:

a) misuse of T_AMS timer at the AMS regarding UL traffic

It is stated that AMS shall start T_AMS timer if there is a new UL MAC PDU. This is a misuse of the timer because T_AMS timer should have been used by the AMS to wait for a certain period in case there is more data transmitted by the ABS using the DL resource. Regarding the UL, the AMS clearly knows the status in its own side---it knows whether there are more buffered data waiting for UL transmission. Hence, there is no need for using T_AMS timer monitoring UL status. 

As illustrated in Figure 1, the unnecessary start of T_AMS timer could result in undue “on” period when the AMS has to monitor Assignment-A-MAP IEs though there is none of those IE if the ABS has no pending DL traffic. Actually, if the ABS has pending traffic, it would have indicated by using positive traffic indicator, and DL Assignment-A-MAP IE.
b) misuse of T_ABS timer at the BS regarding UL traffic

It is stated that ABS shall start T_ABS timer if there is a new UL MAC PDU transmitted to the AMS in sleep mode. This is a misuse of the timer because a macro ABS itself is always on, and it is always there to take care of AMS UL request. Therefore, the ABS does not need a timer for monitoring UL waiting period.

c) no differentiation between DL and UL HARQ operation

It is stated that T_HARQ_Retx timer shall be started/restarted if there is NAK for HARQ retransmission in UL or DL. In other words, it does not differentiate DL and UL HARQ operation which is misfortune. In IEEE 802.16m, DL HARQ uses asynchronous retransmission so that the ABS could flexibly schedule the DL resources for the retransmission of a failed DL HARQ packet. UL HARQ uses synchronous retransmission where the timing and probably even the UL resources are fixed for retransmission of a failed UL HARQ packet. The current design does not take advantage of this difference, and could result in more power consumption for the AMS (see Figure 3).

d) excessive power consumption because of the extension of listening window

It is implied that the AMS has to keep receiver on for the entire listening window, which could consume lots of extra power especially during HARQ retransmission (see Figure 3 and Figure 4 for both UL and DL scenarios)
e) contradictory conditions regarding the listening window operation

It is stated that AMS shall not sleep if the default listening window has not ended, which is not always the case. The AMS could go back to sleep window if it receives a negative traffic indicator in the default listening window.
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Figure 1: Extra “On” time (marked in red) because of the misuse of T_AMS even though the AMS only needs to send one UL MAC PDU

2.  Discussion

As shown in Figure 2, the AMS could save more power using extra “off” time if T_AMS and T_ABS timers are not used for monitoring UL traffic.
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Figure 2: Extra “Off” time (marked in blue) without starting T_AMS if the AMS needs to send only one UL MAC PDU
As shown in Figure 3, if the AMS knows the gap between two synchronous HARQ UL retransmissions, the AMS could save more power using extra “off” time between those two retransmissions without monitoring any UL Assignment-A-MAP IEs. This gap is defined as T_HARQ_UL_Retx_Gap timer in this contribution.
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Figure 3: Extra “Off” time (marked in blue) without starting T_AMS if the AMS only needs to send one UL MAC PDU, plus the AMS does not monitor UL Assignment-A-MAP-IE due to the synchronous UL HARQ retransmission
As shown in Figure 4, if the AMS knows the minimum gap between two DL HARQ retransmissions, the AMS could save more power using extra “off” time between those two retransmissions without monitoring any DL Assignment-A-MAP IEs. This minimum gap is defined as T_HARQ_DL_Retx_Gap timer in the proposal, even though the DL retransmission is asynchronous in 16m. This contribution also uses T_HARQ_DL_Retx timer to indicate that the ABS could schedule the DL retransmission any time after a certain minimum gap from the previous transmission.
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Figure 4: Extra “Off” time (marked in blue) after the expiration of T_AMS, and during the gap of two adjacent DL retransmissions as defined by T_HARQ_DL_Retx_Gap timer
3.  Text to change in AWD/D1
-------------------------------  Text Start  --------------------------------------------------- 
[Page 191, Line 57, Section 15.3.11.2.3.2 Listening Window extension]
15.3.11.2.3.2 Listening Window extension
The length of the Listening Window of a Sleep Cycle may be extended beyond the value of the Default Lis​tening 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 so that it does not return to sleep window if the ABS has indicated of pending DL traffic, a similar timer is maintained by the ABS called the T_ABS timer so that ABS knows when the T_AMS timer expires at the AMS. The value of T_ABS timer shall be less than or the same as T_AMS timer. 

AMS shall not sleep if any of the following condition is true:

· The Listening Window has not been explicitly terminated

· The T_AMS timer has not expired

· The T_HARQ_DL_Retx timer has not expired

· The number of retransmissions of the UL HARQ burst has not reached the maximum number of HARQ retransmission attempts 

· The default Listening Window has not ended and negative traffic indicator has not been received.
· The AMS has pending UL traffic for transmission
AMS may return sleep window if any of the following condition is true:

· A negative traffic indicator is received during the default Listening Window.

· All the T_AMS, T_DL_HARQ_Retx, T_DL_HARQ_Retx_Gap, and T_UL_HARQ_Retx_Gap timers have expired.
The rules regarding the starting/restarting of T_AMS timer and the T_HARQ_Retx timer at the AMS are as follows:

· If the AMS has received a positive traffic indicator in the AAI_TRF-IND message in the default Listening Window, the AMS shall start the T_AMS timer.

· If there is a transmission of DL Assignment-A-MAP IE for 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 the AMS has received an explicit indication of the last DL MAC PDU from the ABS, the AMS shall stop the T_AMS timer.

The rules regarding the starting/restarting of the T_HARQ_DL_Retx timer and the T_HARQ_DL_Retx_Gap timer for an HARQ process at the AMS are as follows:
· If there is NAK for HARQ retransmission in UL or DL, the T_HARQ_DL_Retx_Gap timer for the associated HARQ process shall be started/restarted. If the T_AMS timer and all T_HARQ_DL_Retx timers have expired, the AMS is not required to monitor DL Assignment-A-MAP IE when T_HARQ_DL_Retx_Gap timers are on. If there is an ACK for HARQ retransmission in UL or DL, the T_HARQ_DL_Retx timer for the associated HARQ process shall be set to zero.
· If the T_HARQ_DL_Retx_Gap timer expires, the AMS shall start T_HARQ_DL_Retx timer for the associated HARQ process, and continue monitoring for the DL assignment regarding the retransmission of the HARQ burst until the T_HARQ_DL_Retx timer expires. 
· If a transmission of the DL MAC PDU is received, the AMS shall stop the T_HARQ_Retx timer for the associated HARQ process. If the T_HARQ_DL_Retx timer expires and the number of retransmission of the DL HARQ burst is less than the maximum retransmission number, the AMS shall restart the T_HARQ_DL_Retx timer for the associated HARQ process and increase the retransmission number by one.
The rules regarding the starting/restarting of the T_HARQ_UL_Retx_Gap timer for an HARQ process at the AMS are as follows:
· If there is an NAK for UL HARQ transmission, the AMS shall not sleep until it receives the UL assign​ment. If, and if the maximum retransmissions of the HARQ burst are exhausted, the AMS can enter the sleep.

· If there is an NAK for UL HARQ transmission, If T_HARQ_ReTx expires and if number of retransmissions of the DL HARQ burst is less than the maxi​mal retransmission number, the AMS shall restart the T_HARQ_UL_ReTx_Gap timer and increases the retrans​mission number by one. If the T_AMS timer has expired, the AMS is not required to monitor UL Assignment-A-MAP IE when T_HARQ_UL_Retx_Gap timers are on.
· If the T_HARQ_UL_Retx_Gap timer expires, the AMS shall do retransmission of the HARQ burst.
ABS shall consider the associated AMS is not in the wakeup state sleep window if any of the following condition is true:

· The Listening Window has not been explicitly terminated

· The T_ABS timer has not expired

· The T_HARQ_DL_Retx timer has not expired

· The number of retransmissions of the DL HARQ burst has not reached the maximum number of HARQ retransmission attempts 

· The default Listening Window has not ended and negative traffic indicator has not been transmitted.

ABS shall consider the associated AMS is in sleep window if any of the following condition is true:

· A negative traffic indicator is transmitted.

· All the T_ABS, T_DL_HARQ_Retx, T_DL_HARQ_Retx_Gap, and T_UL_HARQ_Retx_Gap timers have expired.
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 a transmission of DL assignment for 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 a positive traffic indicator has been transmitted to the AMS in the AAI_TRF-IND message, the ABS shall start the T_ABS timer.

· If an explicit indication of the last DL MAC PDU has been transmitted to the AMS, the ABS shall stop the T_ABS timer.
The rules regarding the starting/restarting of the T_HARQ_DL_Retx timer and the T_HARQ_DL_Retx_Gap timer for an HARQ process at the ABS are as follows:
· If there is NAK for HARQ retransmission in UL or DL, the T_HARQ_DL_Retx_Gap timer for the associated HARQ process shall be started/restarted. The ABS shall not transmit to the AMS if the T_ABS timer and all T_HARQ_DL_Retx timers have expired. 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 the T_HARQ_DL_Retx_Gap timer expires, the ABS should try to schedule for DL retransmission of the previous HARQ burst. If the ABS needs to transmit a new DL MAC PDU but the T_ABS timer has expired, the ABS shall transmitted the new DL MAC PDU before retransmitting the previous HARQ burst so that the AMS could restart the T_AMS timer.
The rules regarding the starting/restarting of the T_HARQ_UL_Retx_Gap timer for an HARQ process at the ABS are as follows:
· If there is an NAK for UL HARQ transmission. the ABS shall not consider that AMS has entered the sleep until it transmits the maximum number of HARQ retransmission. If  and if the maximum retransmissions of the HARQ burst are exhausted, the ABS considers that AMS has entered the sleep.
· If there is NAK for UL HARQ retransmission and if the number of retransmission of the UL HARQ burst is less than the maximum retransmission number, the ABS shall start T_HARQ_UL_Retx_Gap for the associated HARQ process.
The T_AMS timer, T_HARQ_DL_Retx timer, T_HARQ_DL_Retx_Gap timer, and the T_HARQ_UL_Retx_Gap timer areis 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.

After the default listening window ends, if the T_ABS timer expires and the number of DL HARQ retrans​mission 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 in Sleep Control Extended header or signaling header including the number of frame for extended listening window to control extension of Listening Window during the Default Listening Window. Upon receiving the explicit signaling, the AMS shall extend its Listening Window until the frame specified in signaling or terminate 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).
-------------------------------  Text End  ---------------------------------------------------[image: image5.png]
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