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1 Introduction
During RAN1 #62 meeting, the following decision was taken about PHICH-triggered retransmission [1]:

· If the number of TBs in the PHICH-triggered retransmission is the same as in the latest transmission with an associated grant

· Rank and precoding vector stay the same

· The retransmission does not carry any automatic power adjustment command
· Continue discussion on the case where number of TBs in the PHICH-triggered retransmission is less than in the latest transmission with an associated grant.  To decide on one alternative next meeting.
· Alt 1:

· The precoding vector for a retransmission should be a predefined precoding matrix,  {depending, not depending} on the precoding vector in the latest grant
· The predefined precoding matrix (s) should be {the first CW, cycling of CWs in time according to subframe index or RIV} in the agreed uplink codebook for the transmission rank of the retransmission
Alt2: 

· For PHICH-triggered retransmissions, TB is transmitted with the same precoding that was previously used for the TB to be retransmitted in the latest grant
· The retransmission does not carry any automatic power adjustment command
       Alt 3:

· For PHICH-triggered retransmissions, TB is transmitted with the precoding that was used for the TB with a higher TBS size in the latest grant, if the TBS sizes are different in the grant
Alt 4:

· Fallback to single antenna port transmission

This document analyzes pros and cons of the alternative proposals for precoding in PHICH-triggered retransmissions. 
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 reduce overhead in UL non-adaptive HARQ where the initial UL grant is signalled by PDCCH for both codewords. When neither of the original codewords is  acknowledged it is agreed to keep the original transmission rank and precoder even for their PHICH-triggered retransmission. However, if only one of the two codewords transmitted in SU-MIMO mode is successfully decoded at eNodeB, a rule is needed for determining how to precode the single codeword when PDCCH is not present. Various alternative solutions have been proposed for this problem [1] and are analyzed in the following.
Optimization of the precoder employed for PHICH-triggered retransmission has been shown to provide marginal potential gains [2][3]. The reasons are partly that retransmissions occur with low nominal probability, depending on the link adaptation strategy and the discussed optimization would only affect the rather corner case characterized by ACK of only 1 CW out of 2 CWs in the original transmission. Nevertheless, if PDCCH is available, the retransmission precoder can be freely configured.

On the other hand, we believe that the proposed solution should at least not degrade the interference generated towards other in-cell UEs (in MU-MIMO) and towards other cells in an uncontrolled fashion. To achieve such a goal, the eNB should always be in control of the precoder that is employed at the UE side. 

Observations:

· The potential performance gain provided by the proposed alternatives is not enough to justify a significant standardization effort.

· Inter-cell and inter-UE interference should be taken into account when comparing the different alternatives.

Based on the above considerations, we believe that the standardization effort implied by Alt.3 is not justified from a performance point of view.

Even though the impact on the spec with Alt.4 would be reasonably low, it is not clear how to handle the case where the unacknowledged CW to be retransmitted on a single antenna is originally transmitted on 2 layers. Furthermore, it is not clear if the per-CW power assignment should be assumed for the retransmission or if the power should be rescaled to fully utilize the PA.

Alt.1 proposes to assign a default precoder and possibly apply a pseudo-random precoder-cycling to it in order to improve spatial diversity. The operation of reassigning a lower rank precoder for single-CW transmission results in a 3dB power increase for the retransmitted CW and since the assigned precoder is not decided by the eNB delivering a larger energy amount toward uncontrolled directions appears particularly dangerous with respect to interference. Precoder cycling only further degrades the interference scenario by making it even more unpredictable and without any associated performance improvement according to simulation results [2][3]. As a further problem associated to Alt.1 it appears that agreeing on a default precoder and possibly an optimized sequence for precoder cycling might unnecessarily delay the standardization process.
Alt.2 proposes to retransmit a failed CW on the same columns employed for the original transmission, without any power readjustment. We believe that this is both a simple and reliable solution. The 3dB power loss associated to Alt.2 compared to Alt.1 is not a critical issue, as inter-CW interference is not present anymore for single-CW retransmission. Also, reusing the same columns of the original transmission allows better interference control as compared to the other alternatives. Based on these considerations, we don’t see any major drawback associated with Alt.2 and we consider it our preferred solution for PHICH-based retransmissions. 
Proposal:

· Precode PHICH-triggered retransmissions according to Alternative 2.
3 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 conclude that:

· The potential performance gain provided by the proposed alternatives is not enough to justify a significant standardization effort.

· Inter-cell and inter-UE interference should be taken into account when comparing the different alternatives.
· Precode PHICH-triggered retransmissions according to Alternative 2.
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