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1 Introduction
During RAN1 #62 meeting, the question of precoding for UL SU-MIMO in PHICH-triggered retransmission was discussed and the following was agreed:
· 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

In this contribution, we give our views on precoding for PHICH-triggered retransmission. Additionally, other aspects of non-adaptive HARQ, such as TB to codeword mapping, cyclic shift of UL DMRS are also discussed. 
2 Precoding in PHICH-triggered retransmissions
In RAN1 #60bis meeting, 2 HARQ ACK/NACKs was agreed to support UL SU-MIMO in LTE-A. In order to minimize   PDCCH signalling overhead in UL HARQ, using PHICH for non-adaptive HARQ can be introduced. Initial UL grant is signalled by PDCCH for both codewords, after that, if only one transport block is successfully decoded at eNodeB,   the eNodeB will send (ACK, NACK) or (NACK, ACK) on PHICH, then there is a question  for the UE to determine the precoding matrix for retransmitted codeword in PHICH-triggered retransmissions without PDCCH. To solve the problem, several solutions are given , and they are categorized into four alternatives in RAN1 #62 chairman’s note. The the majority of the companies are in support of Alt 1 and Alt3. We also noted that Alt3 and Alt4 cannot be used for some corner cases , for example rank2 and rank3 transmissions, so we focused our discussion on Alt1 and Alt 2.
Alt 1:
There could be two options with in this category:

Option 1A
The precoding matrix for retransmitted codeword is derived from the precoding matrix employed in the previous transmission and UL codebooks through some rules. e.g., chordal distance. As shown in figure 1, if UE receives (NACK, ACK) on PHICH, the precoding matrix for CW0 reTX will be selected from the codebook table for 1-layer transmission, and has minimal chordal distance with the precoding matrix for CW0 in previous transmission. As to  the precoding matrix for CW1 reTX, the same way is used. 
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Figure 1: An example of option 2
· Pros.

· The eNodeB can make right decisions for UL MU-MIMO, because the eNB knows which precoding matrix each UE uses.
· UE’s transmit antennas are fully utilized in the retransmission.
· The precoding gain is kept for some degree as the   precoding matrix is selected from the UL codebooks and has a close relationship with the precoding matrix employed in the previous transmission. 
· Cons.
· Increase the complexity somewhat. 
Option 1B:
Use a predefined precoding matrix on retransmissions. The predefined precoding matrix is not depending on the precoding vector in the latest grant. it can be a fixed matrix or can cycle among a set of precoding matrices during each retransmission. To reduce the complexity, the predefined precoding matrix is selected from the existing codebooks. 
· Pros.

· Potentially some gain due to spatially diversity. 
· Can work well in UL MU-MIMO. 
· UE’s transmit antennas are fully utilized in the retransmission. 
· Cons.

·  The predefined precoding matrix will not be optimal as it is not depending on the precoding vector in the latest grant. 
Alt 2: 
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. 

· Pros.

· Works well in UL MU-MIMO，
· The precoding gain is kept for some degree in a slowly varying channel. 
· Cons.  

· UE’s transmit antennas are not fully utilized in retransmission due to the current CMP codebook structure. 
This alternative has the advantage of simplicity. However, full power utilization is not guaranteed. Also, this scheme requires changes on the original precoding matrix, thus has the consequences of extra cases for testing. Considering this, the following enhanced scheme is proposed:
Option 2A

a) If 2 layers or 4 layers are used in previous transmission, the CW retransmitted is not only mapped to the original layers, but also repeated to the layers which belong to the CW successfully decoded in previous transmission. 

b) If 3 layers are used in previous transmission and CW0 is required to retransmit (CW0 originally occupies layer 0). During retranmissionCW0 is mapped to the layer 0 and repeated to layer 1 and layer 2 respectively. 

c) If 3 layers are used in previous transmission and CW1 is required to retransmit (CW1 originally occupies layer0 and layer 1).During retransmission CW1 is mapped to the layer 1 and layer 2, layer 0 can be used to transmit repeated symbol of layer 1, or transmit symbols derived from layer 1 and layer 2 , for example (layer1 + layer2 ) mod 2.
· Pros.

· Difficulty of determining the precoding matrix for retransmitted codeword can be avoided. 
· Can work well in UL MU-MIMO. 
· Additional gain by coding or repeating can be obtained in addition to precoding gain.  
· UE’s transmit antennas are fully utilized in the retransmission. 
· Cons.

· Increase the complexity somewhat. 
3 TB to codeword mapping
In Rel-8，there is one transport block to codeword swap flag bit to control TB to CW mapping when two TB are enabled. Spatial diversity gain between layers can be obtained by swapping two TB to CW mapping. For UL non-adaptive HARQ in Rel-10, when both two CW are incorrectly decoded in the eNodeB and the eNodeB send (NACK, NACK) on PHICH, we can also predefine an implicit rule for TB to CW mapping. For example, as shown in figure 2, TB1 -> CW0 and TB2 -> CW1 in the first transmission, TB1 -> CW1 and TB2 -> CW0 in the second transmission, TB1 -> CW0 and TB2 -> CW1 in the third transmission, TB1 -> CW1 and TB2 -> CW0 in the fourth transmission. 
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Figure 2: An example of implicit rule for TB to CW mapping
4 Determination of DMRS cyclic shifts
For UL non-adaptive HARQ, if only one codeword is decoded successfully in the initial two codeword transmission, and the transmission rank is changed by PHICH signalling in retransmission, since the UL DMRS is precoded in UL SU-MIMO, there is a question of   determining the DMRS cyclic shift for retransmitted codeword in PHICH-triggered retransmissions. Possible solutions are given below.
Alternative 1 : uses the cyclic shifts which was originally used by the retransmitted CW.
Alternative 2 : the cyclic shifts of first N layers which were used in the previous transmission are selected as the cyclic shifts for the current retransmitted CW (N is the number of transmission rank in the current transmission). 
Alternative 3 : redefine N cyclic shifts according to the principle of maximizing the spacing between cyclic shifts. e.g., if (0, 3, 6, 9) are the cyclic shift each layer in the previous transmission, then redefine (0, 6) as the cyclic shifts for the current retransmitted CW. 
Alt.3 can supply more orthogonal ability but will increase the complexity. For Alt.1 and Alt.3, if the PHICH signalling is incorrectly decoded, e.g., original (ACK, NACK) is incorrectly decoded as (NACK, ACK), the eNodeB can also obtain TB index retransmitted, as the TB index can be concluded from the cyclic shifts by Alt.1 and Alt.3.  As a result, both Alt.1 and Alt.3 can be considered.  
5 Conclusion
In this contribution, we discuss the PHICH-triggered retransmission in LTE-A, including precoding matrix selection, TB to codeword mapping, determination of DMRS cyclic shifts. From the above discussion, we propose that: 
· For the precoding in the PHICH-triggered retransmission, option 2A can be adopted.
· An implicit rule for TB to CW mapping can be predefined for non-adaptive retransmission to obtain spatial diversity gain. 
· For the determination of DMRS cyclic shifts, both Alt.1 and Alt.3 shall be considered. 
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