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1 Introduction
During RAN1 #60 meeting, the following decision was taken about PHICH-triggered retransmission:

· Specification-based solution is needed. Continue discussion until next meeting on the exact method.  

This document analyzes some proposals for precoding in PHICH-triggered retransmissions [1][2] and proposes some solutions to address their drawbacks. 
2 Precoding in PUSCH retransmissions
Support of 2 HARQ ACK/NACKs for UL SU-MIMO in LTE-A was agreed in RAN1 #60bis meeting. ACK/NACK signaling on PHICH can be employed to minimize overhead in UL non-adaptive HARQ where the initial UL grant is signalled by PDCCH for both codewords. If both CWs need to be retransmitted, it is reasonable to simply reuse for the retransmissions the precoder employed for the original transmission. However, if only one of the two codewords transmitted in SU-MIMO mode is successfully decoded at eNodeB, the precoding matrix for retransmitted codeword in PHICH-triggered retransmissions without PDCCH needs to be determined. To solve the problem, some alternative solutions have been proposed [1][2]:
Alternative 1

Alt.1 is to let the UE decide the precoding matrix for the CW to retransmit by itself.

The eNB is not aware of the precoding matrix actually used in such retransmissions and needs to estimate it from the precoded DMRS. This is results in undesirable unpredictability of the interference generated by the UE towards other UEs, both within the cell and towards other cells. For example it is impractical for the eNB to determine the precoder for a co-scheduled UE in MU-MIMO configuration if the precoder employed by the retransmitting UE is not known in advance.  

· Based on the above considerations, we cannot recommend Alt. 1.
Alternative 2

In Alt. 2 the UE employs for retransmission of a given CW the same precoder which was originally used by that same CW.
Let W be the precoding matrix initially employed for transmission of 2 CWs in SU-MIMO modality.   Let W(CWs) be the subset of columns of W that precode the layers associated to CWs and let W(CWu) be the subset of columns of W that precode the layers associated to CWu. 

According to Alt.2, if after a certain number of (re)transmissions CWs  is successfully decoded while CWu receives a NACK, CWu shall retransmit by employing W(CWu) as precoder. Since W(CWu) is implicitly determined from W, there is no need for additional signaling of precoding matrixes. Furthermore, it is possible for the eNB to associate another UE in MU-MIMO modality as it is aware of W(CWu). However, as pointed out in [1][2], the agreed UL precoder design makes an inefficient use of the tx antennas in this case and there is an associated 3dB power penalty (with respect to a total tx power constraint).
· Based on the above considerations, Alt. 2 appears as pointing in the direction of a solution, even though some enhancements are necessary in order to achieve a better use of the available power.

Alternative 3

Alt.3 is to use a predefined precoding matrix for PHICH-triggered retransmission without regard to previously granted precoding. Possibly, the precoding matrix in each retransmission is changed to achieve precoder cycling similar to DL open-loop SM. Nevertheless, the performance of Alt.3 is expected to be worse than that of Alt.2, as no adaptation of the transmission subspace is provided. Therefore,  Alt.2 and the relative enhancements discussed in Section 3, appear preferable to Alt.3.
· The performance of Alt. 3 is expected to be worse than Alt. 2, while there is no clear advantage over Alt. 2.
Based on the above analysis, we believe that Alt. 2 is the most interesting among the listed solutions even though it shows some unacceptable drawbacks related to power efficiency and precoder optimality. In the following we list some examples of simple and mutually-compatible enhancements to Alt. 2 that solve these problems.
3 Proposed enhancements to Alternative 2

3.1 Implicit Columns Reselection

When SU-MIMO is enabled ,the co-scheduled CWs typically experience different equivalent channel quality levels.
Assume that both codewords in a SU-MIMO transmission are scheduled on the same number of layers each (as for 2tx, rank=2 and 4tx, rank=2,4) and that only one of them is successfully decoded after a certain number of retransmissions. If the successfully decoded CW (CWs) has higher MCS than the unsuccessfully decoded one (CWu) it is very likely that the equivalent channel associated to CWs has better quality than the one associated to CWu. Therefore, in this case it is desirable to retransmit CWu using the columns of the precoder previously associated to CWs. 

The precoder columns reselection can be achieved through a remapping rule:
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where W(x) is the subset of columns of the precoder associated to the layers belonging to CW x in the latest transmission and Wrtx is the precoder employed for retransmission. The standardization effort required for the above enhancement is expected to be small.

· When possible, employ the columns associated to the best equivalent channel for retransmission of a single failed CW.
3.2 Power rescaling

Reusing the columns associated to a precoder designed for 2 CWs for retransmission of a single CW results in an unnecessary 3dB power loss with respect to the total power constraint. A simple solution is to rescale the columns belonging to a 2CWs precoder that are selected for retransmission of a single CW by a factor of 
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. Both the eNB and the UE are made aware of the implicit rescaling of these columns, so no additional signaling is required. Depending on the form of the agreed power control algorithm, it might be necessary to reflect the implicit precoder columns rescaling for PHICH-retransmission in the power control formula. The associated standardization effort is expected to be minimal.
· Implicit rescaling of the precoder columns in case of retransmission of a single CW improves power efficiency by 3dB
4 Summary
In this contribution we have analyzed different alternatives for precoding of PHICH-triggered retransmissions and we have pointed out the related characteristics. Based on the above analysis, we propose to:
· When a single CW fails after PHICH-triggered (re)transmission of 2 CWs, employ for precoding a subset of the columns of the precoder employed for the latest (re)transmission.

· When both the originally scheduled CWs have the same rank, employ the columns associated to the best equivalent channel for retransmission of a single failed CW.
· Implicit rescaling of the precoder columns in case of retransmission of a single CW improves power efficiency by 3dB
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