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1 Introduction
During RAN1 #60bis meeting, the following agreement [1] was made:
· 2 NDIs (one NDI per CW) in the DCI format associated with UL SU-MIMO. 
· 2 HARQ ACK/NACKs
· Limit PHICH design to one to one mapping between an A/N and an existing PHICH resource
Based on that agreement, HARQ ACK/NACK bundling using one PHICH is not employed in UL SU-MIMO. Instead, PDCCH and/or PHICH without HARQ bundling will handle UL HARQ operation. Nevertheless, according to our analysis in [2], PDCCH transmission consumes about 10dB more transmission energy than PHICH transmission. Furthermore, in case where PDCCH capacity is limited, it will be desirable to minimize the use of PDCCH in UL HARQ. The simple and natural way is to efficiently use PHICH for non-adaptive HARQ. However, although PHICH can control HARQ operation in retransmission, if two CWs are initially transmitted and then only one CW is retransmitted, UE has to know which precoder to use for retransmission. This is because the PMI signalled on PDCCH for initial transmission is not given per CW. This document will raise this issue on precoding in PHICH-triggered retransmissions and discuss possible solutions for it. 
2 Precoding in PUSCH retransmissions

Since we have agreed to support two HARQ-ACKs on either PHICH or PDCCH for UL SU-MIMO in LTE Rel-10, HARQ operations can be handled by either PHICH or PDCCH. For example, initial grant is signalled by PDCCH for both codewords. The UE transmits CW0 and CW1 on PUSCH as a response to the initial grant. After that, several scenarios are possible between UE and eNB according to HARQ operation: (1) Adaptive retransmission using PDCCH, (2) 2 ACKs on PHICH, (3) 2 NACKs on PHICH, (4) 1 ACK and 1 NACK on PHICH. 
· Adaptive retransmission using PDCCH

If UL HARQ is handled by PDCCH, UE is explicitly informed of PMI. Therefore, there is not further issue.
· 2 ACKs on PHICH

If CW0 and CW1 are successfully decoded and eNB sends UE 2 ACKs on PHICH, UE does not have to consider precoder, because UE shall stop the transmission.
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Figure 1. PHICH-triggered retransmissions.

· 2 NACKs on PHICH

If both CW0 and CW1 are not successfully decoded, UE does not have to decide which precoder is used for the retransmission assuming to use the same precoder used in the previous transmission.
· 1 ACK and 1 NACK on PHICH
As shown in Figure 1, if CW1 is successfully decoded but CW0 isn’t, the eNB sends NACK to CW0 and ACK to CW1 on PHICH. In this case, the UE has to decide which precoder to be used for retransmission of CW0. PHICH is not capable of signalling PMI but can change the transmission rank. If the transmission rank is changed by PHICH signalling in retransmissions, an implicit rule needs to be specified to define the precoding matrix in such retransmissions. The rest of this document will focus on this situation and present possible solutions for it.
3 Precoding in PHICH-triggered retransmissions
From section 2, we identified the issue on which UL precoder should be assumed for one CW in PHICH-triggered retransmissions, especially when the transmission rank is changed by PHICH signalling. In this section, we present and analyze three potential solutions.
Alternative 1
Alt.1 is to let the UE decide the precoding matrix for the CW to retransmit by itself.

Because there is no protocol to share the precoding information between UE and eNB, the eNB does not know the precoding matrix actually used in such retransmissions. Since precoded DMRS is used in UL SU-MIMO, it is possible for the eNB to demodulate precoded PUSCH symbols. Alt.1 does not require any specification support. A critical problem in Alt.1 is that it will not work well e.g., in UL MU-MIMO. For UL MU-MIMO, the eNB will determine a precoding matrix for a UE considering multi-user interference. However, since the UE decides its own precoding matrix without eNB’s recognition, the eNB cannot assign another co-scheduled UE the most relevant precoding matrix. For example, assume that two UEs are to be co-scheduled; UE A is to retransmit a CW as a response to PHICH ACK/NACKs and UE B is to initially transmit two CWs with the prcoding matrix assigned by eNB. Since the eNB does not know the precoding matrix that UE A will use, it cannot determine for UE B the most relevant precoding matrix in a sense of achieving a high MCS level. Pros and Cons of Alt.1 are summarized as follows: 
· Pros.

· There is no specification issue, i.e., how to determine the precoding matrix is up to UE implementation.
· Cons.  

· The eNB cannot select proper precoding matrices for UL MU-MIMO due to lack of knowledge on interfering channels.
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Figure 2. An example of Alt.2.
Alternative 2
Alt. 2 is for the UE to use a precoder (i.e. precoding vectors) derived from the precoding matrix employed in the previous transmission, e.g., the same precoder which was originally used by the retransmitted CW.
As shown in Figure 2, a rank-3 precoding matrix was used for initial transmission of CW0 and CW1, where CW0 is mapped to layer 1 and CW1 is mapped to layers 2 and 3. If ACK for CW1 and NACK for CW0 are signalled, the UE is to reuse the first column vector of the precoding matrix as the precoder for retransmission of CW0. On the other hand, if ACK for CW0 and NACK for CW1 are signalled, the UE is to reuse the second and third column vectors of the precoding matrix as the precoder for retransmission of CW1. Since the eNB and UE have the same understanding about the precoding in PHICH-triggered retransmissions with Alt.2, the eNB is assumed to have full knowledge on each UE’s channel and therefore can make right decisions for UL MU-MIMO. UL precoding matrices are designed to be CM-preserving so that all the antennas are not used in such retransmissions. Note that a precoding matrix constructed by a submatrix of the original precoding matrix is not defined in the codebooks. Pros and Cons of Alt.2 are summarized as follows:

· Pros.

· Alt.2 works well in UL MU-MIMO, because the eNB knows which precoding each UE uses.

· Cons.  

· UE’s transmit antennas are not fully utilized in retransmission. 

Alternative 3
Alt.3 is to use a predefined precoding matrix for PHICH-triggered retransmission without regard to previously granted precoding.
The eNB and UE share the same understanding about which precoding matrix is used in such retransmissions according to the number of layers (i.e. rank). Figure 3 shows an example where a rank-3 precoding matrix is used for initial transmission. If ACK for CW1 and NACK for CW0 are signalled, for retransmission, the UE uses a predefined rank-1 precoding matrix, of which the eNB is also aware. On the other hand, if ACK for CW0 and NACK for CW1 are signalled, for retransmission, the UE uses a predefined rank-2 precoding matrix, of which the eNB is also aware of. Since the eNB and UE have the same understanding about the precoding in PHICH-triggered retransmissions with Alt.3, the eNB is assumed to have full knowledge on each UE’s channel and therefore can make right decisions for UL MU-MIMO. Another simple modification from Alt.3 is to change the precoding matrix in each retransmission to explicit spatial diversity in such a way of implicit precoder cycling used in DL open-loop SM. Note that if predefined precoding matrices are selected from the existing codebooks, all the antennas can be used in such retransmissions. Pros and Cons of Alt.3 are summarized as follows:
· Pros
· Alt.2 works well in UL MU-MIMO, because the eNB knows which precoding each UE uses.
· Full antenna utilization is supported.
· Cons

· Less precoding adaptation is achievable in slow-varying channels.
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Figure 3. An example of Alt.3.
4 Conclusion 
In this contribution, we brought the issue on precoding in PHICH-triggered retransmission, on condition that two CWs were initially transmitted in UL SU-MIMO and one of them needs to be retransmitted. We presented three alternative solutions to define an implicit rule of precoding in such retransmissions. We also observed that Alt.1 does not work well with UL MU-MIMO since eNB cannot predict the UL precoded channel responses if the UE decides the precoding matrix without eNB’s recognition. On the other hand, Alt.2 and Alt.3 always enable the eNB to have prior knowledge of the precoding matrix that the UE will use in retransmissions. From this observation, we propose to choose one between Alt. 2 and Alt. 3.
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