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1. Introduction
In last meeting, RAN2 agreed that HARQ RTT timer can restart after taking into it account that the number of TBs in the DL retransmission can change from 2 to 1 because the amounts of TBs per TTI that one HARQ process transmits depend on MIMO rank. However, it was not fully discussed whether the same consideration incurs any change of the behavior of drx-retransmission timer. Therefore this contribution discusses the behavior of the drx-retransmission timer in detail and makes proposals.

2. Issue identified with the current drx-retransmission timer
The reason, why RAN2 agreed the HARQ RTT timer restart behaviour at the last meeting, means that before the HARQ RTT timer expires, the HARQ retransmission of the 2nd TB can be received at the UE after the retransmission of the 1st TB was already received. And this was considered worthwhile in eNB implementation. However, the same consideration was not made on the drx-retransmission timer behaviour as follows.
According to the current specification, when the amount of TBs per TTI is changed before the HARQ retransmission is completed (for example, from 2 TBs per TTI to 1 TB per TTI), the drx-retransmission-timer is stopped after the UE received the first TB out of the two TBs and therefore the UE cannot continue active state to receive the other TB unless there are any other reasons to keep the DRX in active state. 
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Figure 1. An example of the problematic situation with current UE behaviour
This is not the expected behaviour because the opportunity to receive the 2nd TB is delayed since drx-retransmission timer would be stopped by the PDCCH which has only one DL TB information for the HARQ process and UE should wait to receive another TB during at least one HARQ RTT time. The delay can be more than one HARQ RTT time due to unexpected change of eNB scheduling priorities.
Observation 1: Because the UE loses the opportunity to receive all TBs during one cycle of drx-retransmission timer for the corresponding HARQ process considering the stop condition of current drx-retransmission timer, delay cannot be avoided.
Based on the above analysis, the current specification needs to be re-designed in order to solve the identified problem in the drx-retransmission timer.
Proposal 1: The current specification needs to be re-designed in order to solve the identified problem in the drx-retransmission timer.
3. Alternatives
To prevent the delay due to the Observation 1 above, we discuss two alternatives and show our preference on one alternative as below:
Alternative 1: Stop drx-retransmission timer when all PDCCHs corresponding to all TBs in the HARQ process were received.
- Pros: None.
- Cons: With this alternative, the HARQ process needs to remember the reception of PDCCH corresponding to each TB. Moreover, in order to stop the drx-retransmission timer when PDCCH for new DL transmission corresponding to the HARQ process is received, additional condition should be introduced to distinguish the new DL transmission with NDI field. Therefore, a lot of spec changes would be required. 
Therefore, it is not preferable.
Alternative 2: Start or restart HARQ RTT timer and stop drx-retransmission timer when the UE receives one PDCCH corresponding to all TBs. And restart drx-retransmission timer if the drx-retransmission timer is running when HARQ RTT timer is expired and decoding of the corresponding HARQ process is not successful.
- Pros: The motive of this alternative is that the operation of drx-retransmission timer would not be changed if the UE received a PDCCH which includes DL assignment for only one TB information out of multiple TBs that the HARQ process transmitted for one TTI before the RANK was changed as depicted in figure 2. Therefore, the opportunity to receive the retransmission for remaining TBs can be guaranteed within one drx-retransmission timer cycle. Moreover, as depicted in figure 3, the restart operation of drx-retransmission timer if the timer is running provides DL retransmission opportunity, which should be guaranteed according to the requirement of the current specification, when HARQ RTT timer expires and the decoding of the corresponding HARQ process is not successful.
- Cons: This alternative has a little bit additional power consumption even if all retransmissions were received successfully before drx-retransmission timer expires. However, it can be negligible since maximum length of drx-retransmission timer is not too long (max. is 32 PDCCH subframes). 
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 Figure 2. Modified drx-retransmission timer stop condition
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Figure 3. A concept of drx-retranmission timer restart
Regarding above two alternatives, we prefer the Alternative 2.
Proposal 2: RAN2 is kindly requested to agree on alternative 2.
We also provide the related CR in R2-131097.
4. Conclusion
In this contribution, we have discussed the following observation.

Observation 1: Because the UE loses the opportunity to receive all TBs during one cycle of drx-retransmission timer for the corresponding HARQ process considering the stop condition of current drx-retransmission timer, delay cannot be avoided.
RAN2 is kindly requested to agree to the following proposals. 
Proposal 1: The current specification needs to be re-designed in order to solve the identified problem in the drx-retransmission timer.
Proposal 2: RAN2 is kindly requested to agree on alternative 2.
Reference
[1] RAN2 #81 LTE UP meeting note
[2] R2-125590, Discussion on HARQ RTT timer, NTT DOCOMO, Nokia Siemens Networks, LG Electronics Inc
[3] R2-130355, Discussion on the behaviour of DRX timers for DL MIMO, ASUSTeK
[4] R2-130045, Considerations on HARQ RTT timer restart, Pantech
5

_1426597704.vsd
eNB


UE


Subframe#


n-1


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


n+10


n+11


n+12


n+13


n+14


HARQ RTT timer


drx-retransmissionTimer


NACKs for both TBs


eNB transmits new data (TB#1 and #2) in DL MIMO transmission (Rank = 2)


During this period, codeword is changed from 2 to 1 due to rank change (eNB received RI = 1 and change precoding matrix based on RI = 1)


eNB retransmits only TB #1 in HARQ process #X 


eNB retransmits only TB #2 in HARQ process #X 


HARQ RTT timer restart


drx-retransmission Timer expire


drx-retransmission Timer is not stopped



_1426686154.vsd
eNB


UE


Subframe#


n-1


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


n+18


n+19


HARQ RTT timer


drx-retransmissionTimer


NACKs for both TBs


eNB transmits new data (TB#1 and #2) in DL MIMO transmission (Rank = 2)


During this period, codeword is changed from 2 to 1 due to rank change (eNB received RI = 1 and change precoding matrix based on RI = 1)


eNB retransmits only TB #1 in HARQ process #X 


n+15


n+16


n+17


HARQ RTT timer expires


drx-retransmission Timer restarts


drx-retransmission Timer is not stopped



_1426511841.vsd
eNB


UE


Subframe#


n-1


n


n+1


n+2


n+3


n+4


n+5


n+6


n+7


n+8


n+9


n+10


n+11


n+12


n+13


n+14


HARQ RTT timer


drx-retransmissionTimer


NACKs for both TBs


eNB transmits new data (TB#1 and #2) in DL MIMO transmission (Rank = 2)


During this period, codeword is changed from 2 to 1 due to rank change (eNB received RI = 1 and change precoding matrix based on RI = 1)


eNB retransmits only TB #1 in HARQ process #X 


X


eNB retransmits only TB #2 in HARQ process #X 


drx-retransmission Timer is stopped



