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1. Introduction

In the RAN2 #81bis meeting, the behaviour of drx-RetransmissionTimer for DL MIMO was discussed in [1] [2] [3] and it was concluded to evaluate the gain and the backward compatibility issue and to come back in this meeting. In this document, we will discuss the intention of DRX timers and propose a reasonable UE behaviour for DL MIMO.
2. Discussion 
2.1   The intention of HARQ RTT Timer
The intention of introducing HARQ RTT Timer is to save UE power. Upon detection of a DL transmission UE can go to sleep for some time until eNB would start scheduling DL retransmission (if needed). So HARQ RTT Timer is used for UE to know when to wake up for DL retransmission.

It was agreed in RAN2#81 that UE would restart HARQ RTT Timer if another TB for the same HARQ process is detected while the HARQ RTT Timer is still running. Basically it means that UE can sleep longer because eNB would need one more round trip time for the potential retransmission of another TB and it implies that eNB does use one HARQ RTT Timer to handle different TBs for the same HARQ process.
Observation 1:  For DL MIMO, eNB and UE use one HARQ RTT Timer to handle different TBs for the same HARQ process.
2.2   The intention of drx-RetransmissionTimer
The intention of introducing drx-RetransmissionTimer is to let UE know how long he/she should stay active for retransmissions. The timer is started upon HARQ RTT Timer expiry and stopped upon detection of DL (re)transmission(s) for the corresponding HARQ process. An interesting place is how to check the condition of detection of DL transmissions for DL MIMO.  There are two cases as below.
(1)  HARQ RTT Timer is started upon detection of two TBs

For this case, if the two TBs are failed decoded and eNB does not schedule their retransmissions in the same TTI due to scheduling restriction, logically UE should stay active until detection of retransmissions of the two TBs because eNB has already received Nak of A1 and B1 at the same time. One example is shown in Figure 1.
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Figure 1
(2)  HARQ RTT Timer is started upon detection of one TB and then restarted due to another TB

In Figure 2, B1 is scheduled later than A1 and HARQ RTT Timer is re-stared due to detection of B1. It makes sense to continue monitoring PDCCH for B2 upon detection of A2 because drx-RetransmissionTimer is actually started later due to detection of B1. Therefore, it implies that not only A2 but also B2 should be taken care of by one drx-RetransmissionTimer.
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Figure 2
For the aforementioned two cases, upon HARQ RTT Timer expiry, UE will check the decoding result of all TBs to determine if drx-RetransmissionTimer should be started or not. If any TB is failed decoded then the timer is started. It also implies that the timer is used for both TBs for the same HARQ process.
Observation 2:   For DL MIMO, it is reasonable for eNB and UE to use one drx-RetransmissionTimer as HARQ RTT Timer to handle different TBs for the same HARQ process.

Observation 3:   If observation 1 and 2 are confirmed, as shown in Figure 1 and 2, 
the operation of HARQ RTT Timer and drx-RetransmissionTimer should be independent.
(i.e. they could be running at the same time.)
It is specified in MAC spec that drx-RetransmissionTimer is started if HARQ RTT timer is expired and the data of the corresponding HARQ process was not successfully decoded. Therefore, it is obvious that based on the decoding results, UE has known how many TBs are expected for retransmission (i.e. one TB or two TBs).
Observation 4:  According to the current spec, upon HARQ RTT Timer expiry, UE knows how many TBs are expected for retransmission during the period of drx-RetransmissionTimer.

Proposal 1:   UE should continue monitoring PDCCH for another expected TB upon detection of one TB within a drx-RetransmissionTimer. (i.e. extending PDCCH monitoring)
2.3   Backward compatibility
DRX operation for DL MIMO seems not to be seriously discussed and analyzed before. And we have just agreed to restart HARQ RTT Timer for this case so actually it has already impacted the current active time (i.e. active time for retransmission is shifted/delayed.)  Besides, considering that normally drx-RetransmissionTimer is set to a longer value, only restarting HARQ RTT Timer seems not to really improve too much for DL MIMO. 

It may be commented that restarting HARQ RTT Timer is a kind of original intention/behaviour. However, it seems not a good reason to say that we forgot to capture it in the MAC spec because we have made a lot of effort to improve DRX operation and it took many years from Rel-8 to Rel-11. If we just say that it is the original intention for HARQ RTT Timer then we may also say so for drx-RetransmissionTimer.
If eNB schedule two TBs within a drx-RetransmissionTimer period, legacy UE may miss the later TB. However, eNB could schedule it as usual in the following active time so it seems no big problem. On the other hand, if eNB would not schedule two TBs within a drx-RetransmissionTimer but UE still continues monitoring PDCCH for another expected TB upon detection of one TB, it is just some UE power wasted for some subframes so it seems acceptable. Besides, according to the current MAC spec, the time during which UE monitors PDCCH is not always considered as part of Active Time so it may not impact SRS and CSI reporting or other transmissions related to Active Time. In summary, since we can decouple PDCCH monitoring and Active Time so it would not impact too much for UE to continue monitoring PDCCH for another TB within a drx-RetransmissionTimer.
Proposal 2:   Determine whether UE should treat the time as part of Active Time, during which UE monitors PDCCH for another TB upon detection of one TB within a drx-Retransmission.
(i.e. discuss whether to extend Active Time.)
2.4   Text proposal
The following text proposal assumed that only PDCCH monitoring is extended.
	5.7
Discontinuous Reception (DRX)
[…]

-
if a HARQ RTT Timer expires in this subframe and the data of the corresponding HARQ process was not successfully decoded:
-
start the drx-RetransmissionTimer for the corresponding HARQ process.

[…]
-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;
-
stop the drx-RetransmissionTimer for the corresponding HARQ process.
[…]

NOTE:
In case of downlink spatial multiplexing, if one TB is received while the HARQ RTT Timer is running due to another TB for the same HARQ process, the UE should process it and restart HARQ RTT Timer.
NOTE:
In case of downlink spatial multiplexing, if one TB is received and there is another pending expected TB, UE should consider drx-RetransmissionTimer still running and continue monitoring PDCCH until the pending TB is received or the timer expiry.


3. Conclusion
In this document, we discuss the intention of DRX timers for DL MIMO and have two proposal as below. 
Proposal 1:   UE should continue monitoring PDCCH for another expected TB upon detection of one TB within a drx-RetransmissionTimer. (i.e. extending PDCCH monitoring)
Proposal 2:  Determine whether UE should treat the time as part of Active Time, during which UE monitors PDCCH for another TB upon detection of one TB within a drx-Retransmission.
(i.e. discuss whether to extend Active Time.)
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