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1. Introduction

In the RAN2 #80 meeting, the definition and the corresponding behaviours of HARQ RTT Timer and drx-RetransmissionTimer were discussed in R2-125590 [1] and R2-125487 [2]. It was decided to further discuss in this meeting.
2. Discussion 
2.1   HARQ RTT Timer
In the current MAC spec,

	-
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.


The purpose of HARQ RTT Timer is to save UE power by monitoring PDCCH discontinuously before a DL HARQ retransmission is expected. However, if only one HARQ RTT Timer is in charge of two TBs of the same HARQ process without any scheduling restriction, surely some impact would be introduced. Considering what we really want is releasing eNB scheduling restriction (e.g. eNB can retransmit any TB of the same HARQ process as it wants/can), the impact will be discussed in the following sections based on different behaviours of HARQ RTT Timer.
2.1.1   HARQ RTT Timer is NOT re-started (i.e. the current behaviour)
Figure 1 is an example to illustrate the concerns. A1 means the first transmission of data A (i.e. new data) and A2 means the second transmission of data A (i.e. retransmission). drx-InactivityTimer is set to 20 subframes. It can be seen that HARQ RTT Timer is restarted upon detection of A2 but not restarted upon detection of B2 so B3 cannot be sent from the subframe 21 to 23 because it is too early for eNB to schedule B3 just after receiving the Nak of B2.
Observation 1:  If HARQ RTT Timer is NOT restarted, drx-RetransmissionTimer should be set to be a long value (e.g. it should be larger than HARQ RTT Timer) so as to cover the other TB retransmission.
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Figure 1
2.1.2   HARQ RTT Timer is re-started

Please refer to Figure 2. As commented by Renesas and Pantech in the last meeting, if HARQ RTT Timer is restared upon detection of B2 then A3 would be delayed by 3 subframes from 21 to 23.
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Figure 2
2.1.3   Analysis
A proper configuration of drx-RetransmissionTimer as mentioned in section 2.1.1 and the delay in 2.1.2 may be a kind of trade-off from eNB consideration. However, considering Figure 3 as an example, if HARQ RTT Timer is NOT re-started upon detection of B2, the decoding result of B2 may be known later than the timing of determining whether to start drx-RetransmissionTimer. Then it is difficult for UE to make a decision whether to start drx-RetransmissionTimer. A similar concern exists also for the case that B1 is decoded successfully and B2 is replaced by C1 (i.e. new data). Of course, we can change the behaviour to start the drx-RetransmissionTimer if  any data has not been decoded successfully like B2 in Figure 3 and stop the timer after all data have been decoded successfully like upon reception of Ack in subframe 23 but this seems to change the spec too much.
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Figure 3
From this point of view, it seems better to re-start HARQ RTT Timer to acquire a kind of re-synchronization for both TBs as shown below because re-starting HARQ RTT Timer can make the timing of knowing decoding result always earlier than the timing of determining whether to start drx-RetransmissionTimer. 
Proposal 1:  HARQ RTT Timer is re-started upon detection of any TB of the HARQ process while HARQ RTT Timer is running (as shown in Figure 4).
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Figure 4
2.2   drx-RetransmissionTimer
2.2.1   Start action
In the current MAC spec,

	-
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.


No matter if HARQ RTT Timer is restarted or not, if it is allowed to in parallel schedule two TBs at different subframes, then drx-RetransmissionTimer is needed to be reconsidered because
If HARQ RTT Timer is NOT re-started for B2 as shown in Figure 5, it means that the ongoing running HARQ RTT Timer seems for A2 and upon the HARQ RTT Timer expiry whether to start drx-RetransmissionTimer should be also based on the decoding result of A2. If the decoding result of A2 is successful then drx-RetransmissionTimer is not started. However, the decoding result of B2 may be failed. Then there is no chance for B2 because drx-RetransmissionTimer is not started. B2 is probably missing.
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Figure 5
If HARQ RTT Timer is re-started for B2 as shown in Figure 6, it means that the ongoing running HARQ RTT Timer seems for B2 and upon the HARQ RTT Timer expiry whether to start drx-RetransmissionTimer should be also based on the decoding result of B2. If the decoding result of B2 is successful then drx-RetransmissionTimer is not started. However, the decoding result of A2 may be failed. Then there is no chance for A2 because drx-RetransmissionTimer is not started. A2 is probably missing.
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Figure 6
Observation 2:  Whether to start drx-RetransmissionTimer should be based on the decoding result of the two TBs; otherwise, eNB may be restricted to always schedule two TBs at the same time.
Proposal 2:  drx-RetransmissionTimer is started if any data of the corresponding HARQ process was not successfully decoded.
2.2.2   Stop action
In the current MAC spec,

	-
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.


HARQ RTT Timer is NOT restarted

Considering Figure 7 as an example, drx-RetransmissionTimer is stopped upon detection of A3 according to the current MAC spec. However, if the decoding result of B2 is failed then B3 may be missing. 
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Figure 7
HARQ RTT Timer is restarted
Considering Figure 8 as an example, A3 is scheduled in the subframe 25 and drx-RetransmissionTimer is also stopped at the same time. It looks like there are two chances for B3 in the subframe 24 and 25. However, if B3 was scheduled in the subframe 24 and drx-RetransmissionTimer was stopped at the same time, it is not possible to schedule A3 in the subframe 25. Therefore, one feasible solution is to scheduled A3 and B3 together in the subframe 24 or 25. Another one is not to stop drx-RetransmissionTimer upon detection of A3.
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	
	
	
	
	
	
	40

	TB1
	A1
	↑Nak
	A2
	       ↑Nak
	A3
	A3
	A3
	
	A3
	↑Ack

	HARQ RTT Timer
	1
	2
	3
	4
	5
	6
	7
	8
	
	
	
	
	
	1
	2
	3
	1
	2
	3
	4
	5
	6
	7
	8
	
	1
	2
	3
	4
	5
	6
	7
	8
	
	
	
	
	
	
	
	

	drx-RetxTimer
	
	
	
	
	
	
	
	
	1
	2
	3
	4
	5
	6
	
	
	
	
	
	
	
	
	
	
	1
	2
	3
	4
	5
	6
	7
	8
	
	
	
	
	
	
	
	
	

	TB2
	B1
	↑Nak
	B2
	       ↑Nak
	B3
	B3
	B3
	B3
	B3
	B3
	B3
	B3
	

	drx-InactivityTimer
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Figure 8
Observation 3:  Whether to stop drx-RetransmissionTimer seems logical to also base on the decoding result of the two TBs (as the start condition).
Proposal 3:  drx-RetransmissionTimer is stopped if all data of the corresponding HARQ process were successfully decoded. (as shown in Figure 9)
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Figure 9
3. Conclusion
In this document, we discuss the behaviour of HARQ RTT Timer and drx-Retransmission for DL MIMO and have three proposals as below. 
Proposal 1:  HARQ RTT Timer is restarted upon detection of any TB of the HARQ process while HARQ RTT Timer is running. (as shown in Figure 4)

Proposal 2:  drx-RetransmissionTimer is started if any data of the corresponding HARQ process was not successfully decoded.
Proposal 3:  drx-RetransmissionTimer is stopped if all data of the corresponding HARQ process were successfully decoded. (as shown in Figure 9)

The following text proposals are for reference. The corresponding CR is R2-130357.
5.7
Discontinuous Reception (DRX)

[…]
When DRX is configured, the UE shall for each subframe:

-
if a HARQ RTT Timer expires in this subframe and any data of the corresponding HARQ process was not successfully decoded:

-
start the drx-RetransmissionTimer for the corresponding HARQ process.

[…]
-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;

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

-
start or restart the HARQ RTT Timer for the corresponding HARQ process;

-
if all data of the corresponding HARQ process were successfully decoded , stop the drx-RetransmissionTimer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL or UL):

-
start or restart drx-InactivityTimer.

[…]
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