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Discussion 
1 Introduction

Current DRX operation w.r.t HARQ retransmission is not well specified for MIMO. Attempts to enhance it have appeared for several meetings without any conclusion. In this contribution, whether the issue needs to be addressed in the specification is discussed. 
2 Discussion
Table 1 summarizes HARQ retransmission handling in DRX.

<Table 1>

	
	Start
	Expiry/Stop

	HARQ RTT Timer per HARQ process
	PDCCH indicates a DL transmission 
	k+4 ms after start

	drx-RetransmissionTimer per HARQ process
	HARQ RTT Timer expires &

the data of the corresponding HARQ process was not successfully decoded
	PDCCH indicates a DL transmission 


Following the current mechanism, HARQ retransmission would be a little bit cumbersome as shown below if UE is not in Active Time due to other than retransmissionTimer
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Fig 1 DRX operation when no other timer is running (e.g. at the end of data burst)

Because retransmissionTimer stops when other TB (TB2 in the figure) is not retransmitted yet, retransmission for that TB is delayed until the next retransmissionTimer period. The inefficiency comes from the fact that RTT timer and retransmissionTimer are defined per process instead of TB. More specifically, it is because retransmissionTimer stops when PDCCH indicates a DL transmission. 
The problem is less severe if UE is in Active Time due to other reason during the retransmission procedure. According to the current specification, UE behaviour would be like below.
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Fig 2 DRX operation when UE is in Active Time due to other reason e.g. other timers running (e.g. during data burst)

Since UE is anyway monitoring PDCCH, ENB can schedule TBs anytime it wants. No retransmission is delayed due to the restriction from DRX timer behaviour.
In the last RAN2 meeting, it was proposed to restart the HARQ RTT timer when TB is received and HARQ RTT timer is already running. Then the UE behaviour would be like below.
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Fig 3 DRX operation when UE is in Active Time due to other reason e.g. other timers running (e.g. during data burst)
UE restarts HARQ RTT Timer which already having started before when UE receives TB2. Receiving TB 2 is possible only if UE is in Active Time due to other reason. But if UE is already in Active Time, restarting RTT timer seems not making any difference. It delay the start of retransmissionTimer, but it doesn’t matter because UE is already in Active Time. Therefore the only relevant case would be that UE is in Active Time when HARQ RTT Timer is running, but switches to non Active Time before drx-retransmissionTimer is started. However there seems no real gain in this case.
Observation: restarting HARQ RTT Timer does not help.
The real issue seems to be early stop of drx-retransmissionTimer as depicted in the figure 1. One proposal from the last meeting is to stop drx-retransmissionTimer only when all TBs for the corresponding HARQ processes are successfully decoded. It is not entirely correct behaviour because any unsuccessful data would prevent the timer from stop.
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Fig 3 Updated retransmissionTimer operation

Another approach would be to update retransmissionTimer operation such that it stops only when all TBs expecting retransmission are received.
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Fig 4 Another updated retransmissionTimer operation

To avoid strange situation as described below, it would be better to restart HARQ RTT timer if this solution is adopted.
· TB1 retransmission is received at subframe 0; HARQ RTT is started

· UE transmits UL Ack for TB1 in subframe 3

· TB2 retransmission is received at subframe 6

· At HARQ RTT expiry in subframe 7 the UE has to decide whether to start a new drx-Retransmission timer but it is not able to do so because it does not know the result of the TB2 transmission yet
Table below shows an expected change for the MAC specification. 

<Table 2> 

	-
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;

-
stop the drx-RetransmissionTimer for the corresponding HARQ process if all TBs not successfully decoded when the timer was started are received during when the timer was running.


Table 3 compares possible solutions
<Table 3>

	
	Performance degradation

	Do nothing
	Retransmission delay because of early stop

	Restart HARQ RTT timer
	Retransmission delay because of early stop

	Restart HARQ RTT timer + Continue retransmissionTimer until successful decoding
	Retransmission timer running more subframes than necessary

	Restart HARQ RTT timer + continue retransmissionTimer until all TBs received
	-


Updates from R2-131067

During the last meeting, concerns on backward compatibility have been raised. 
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Fig 5

When UE is in the legacy ENB which is not implemented with drxRetransmittionTimer enhancement, the Active Time perceived by the ENB and that perceived by UE are not always same. However it does not create serious problem because no scheduling opportunity is missed but UE is in the Active Time longer than ENB is. The additional battery consumption may not be a big issue here because it occurs only at the end of the data burst.
3 Conclusion
It is proposed to discuss 1) whether there is need to address the MIMO case in the DRX section, and 2) which type of solutions to be adopted if RAN2 consider it necessary.

A draft CR to the retransmissionTimer corresponding to the figure 4 is presented in [1] to help the discussion.
Reference
[1]
R2-131835
Correcting drx-RestransmissionTimer operation to prevent early stop in case of MIMO transmission Samsung
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TB1


TB2


NAK


NAK


HARQ RTT timer


retransmissionTimer


TB1


HARQ RTT timer


ACK


retransmissionTimer


TB2


HARQ RTT timer


ACK


early stop of retransmissionTimer


UE is not in active time unless retransmission timer is running



_1426511097.vsd
�

�

�

풍선형 설명선입니다. 셰이프를 선택하고 입력합니다. 상자의 크기를 원하는�

TB1


TB2


NAK


NAK


TB1


TB2


retransmissionTimer continue because not all TBs are successfully decoded�

�

retransmissionTimer



_1426511358.vsd
�

�

�

풍선형 설명선입니다. 셰이프를 선택하고 입력합니다. 상자의 크기를 원하는�

retransmissionTimer stops  because all TBs are received�

TB1


TB2


NAK


NAK


TB1


TB2


retransmissionTimer continue because not all TBs are received�

retransmissionTimer



_1429701708.vsd
풍선형 설명선입니다. 셰이프를 선택하고 입력합니다. 상자의 크기를 원하는�

TB 1 scheduled


HARQ RTT timer


drxRetransmissionTimer 


HARQ RTT timer


TB 2 scheduled


HARQ RTT timer


ENB perceived Active Time


UE perceived Active Time


HARQ RTT timer


drxRetransmissionTimer 


HARQ RTT timer


HARQ RTT timer



_1426508116.vsd
�

�

�

TB1


TB2


NAK


NAK


HARQ RTT timer


retransmissionTimer


TB1


HARQ RTT timer


NAK


retransmissionTimer


TB2


early stop of retransmissionTimer


HARQ RTT timer


RTT timer restart


TB1


UE is already in active time even if retransmission timer is not running


NAK


UE is not in active time unless retransmission timer is running



_1426507388.vsd
�

�

�

TB1


TB2


NAK


NAK


HARQ RTT timer


retransmissionTimer


TB1


HARQ RTT timer


NAK


retransmissionTimer


TB2


HARQ RTT timer


NAK


TB1


UE is already in active time even if retransmission timer is not running


TB2



