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1 Introduction

DL HARQ retransmissions for a MIMO scenario have been discussed in RAN2 during several meetings. In the RAN#81 meeting, it was agreed that the UE shall process a second transport block (TB2) when the HARQ RTT Timer is started for the first transport block (TB1) if the UE is active due to other reasons. It was also agreed that the UE shall restart the HARQ RTT Timer in this case. 

However, it was identified by some companies; see e.g. contributions [1]

 REF _Ref355689001 \r \h 
[2]

 REF _Ref355689004 \r \h 
[3], that HARQ retransmission cannot be transmitted because the UE goes to sleep after receiving one TB although another TB is still pending. In this contribution we discuss two different solutions that enable fast retransmission of the second TB before the HARQ RTT Timer for the first TB has expired. 
2 Discussion
The scenario considered in this contribution is the following; In MIMO operation, the UE receives data with rank 2 and there is a need for retransmissions. As long as radio conditions are good and rank 2 can be maintained, all is well. However, assuming that radio conditions change and the rank is reduced to one, retransmissions become more complicated since it is only possible to transmit one TB per HARQ process. 
Looking at the discussion from last meeting we see that there is a range of solutions, from not doing anything at all to various points of when to start the timer. In [1] several different proposals are discussed and the conclusion is that the retransmission timer should be extended so that it stops after TB2 is received; whether TB2 is correctly decoded or not. Waiting for two correctly received TBs could result in very long timer. The preferred solution in [2] resides on letting the DRX retransmission timer continue running until TB2 has been received, i.e. similar to the previous solution. The analyses in [3] correctly identify that altering the retransmission timer may lead to problems with retransmissions for legacy UEs and that allowing longer periods with active timer (retransmission timer running) affects the battery consumption negatively. Hence, the proposal is that no change is needed. 
In the following we explain the legacy behaviour during retransmission and provide some proposals on how to resolve the not optimal legacy behaviour.
2.1 Current behaviour
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Figure 1 Legacy retransmission behaviour for MIMO retransmission when rank is reduced.
Figure 1 shows the legacy behaviour for HARQ retransmissions when the rank is reduced. Two transport blocks (TB1 and TB2) transmitted with MIMO are received with errors and need to be retransmitted. However, due to reduced rank (SIMO) only one of the packets can be retransmitted at a time. At the start of the retransmission of the first packet (TB1), the HARQ RTT timer is started. Since the retransmission of the second packet (TB2) cannot commence until the HARQ RTT timer has expired and the drx-RetransmissionTimer has started, the retransmission of TB2 is delayed.
2.2 Possible solutions
At least two alternative solutions can be found:

1. Keep drx-RetransmissionTimer running until the UE has received TB2, start HARQ RTT Timer when TB2 is received 

2. Keep drx-RetransmissionTimer running until the UE has received TB2, start HARQ RTT Timer when TB1 is received    
The positive side of alternative 1, see Figure 2, is that the HARQ RTT Timer is not running in parallel with the drx-RetransmissionTimer. However, postponing start of the HARQ RTT Timer means that retransmission of TB1 might be delayed. In addition, the solution is not backwards compatible since if the eNB does not schedule the UE with TB2 while the drx-retransmissionTimer is running, DRX becomes unsynchronized; a Rel-11 UE does not start HARQ RTT Times as TB2 has not been received and goes to sleep when drx-retransmissionTimer expires. However, Rel-8 eNB assumes that the HARQ RTT Timer it is started when TB1 has been received and the UE is active after expiration of the HARQ RTT Timer due to drx-RetransmissionTimer. 

An unfortunate characteristic with alternative 2 is that HARQ RTT Timer and drx-RetransmissionTimer are running in parallel, see Figure 3. However, an important advantage with this alternative is that it is backwards compatible. So if the eNB does not schedule the UE with TB2 in subframe 11, the UE will be active again in subframe 18 similar to legacy behaviour. Alternative 2 is similar to the proposals in [1] and [2].
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Figure 2 Solution 1: drx-RetransmissionTimer runs until the UE has received TB2; start HARQ RTT Timer when TB2 is received
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Figure 3 Solution 2: drx-RetransmissionTimer runs until the UE has received TB2; start HARQ RTT Timer when TB1 is received
3 Conclusion
In order to ensure shortest possible latency for retransmissions for the abovementioned scenario and ensure backwards compatibility we propose:
Proposal 1 Adopt alternative 2 to the standard where the UE keeps drx-RetransmissionTimer running until if has received both TBs for the HARQ process but start the HARQ RTT Timer upon reception of any TB. 
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