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1 Introduction
During RAN1 #62 meeting, uplink SU-MIMO re-transmissions without UL grant are discussed in [1-11]. And the following agreements were made in [12]:
·     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 contribution presents further analysis on above four alternatives and gives our views on this issue.
2 PMI selection in uplink re-transmission without UL grant
As agreed in RAN1 62 meeting, if the number of TBs in the PHICH-triggered retransmission is the same as in the latest transmission with an associated grant, the same RI and precoding matrix in the latest UL grant is used in retransmission [12]. Thus, we only need to focus on the cases where the number of TBs in the PHICH-triggered retransmission is less than in the latest transmission with an associated grant. Table 1 looks more closely at this particular case analyzing the possible ranks for initial transmission and re-transmission.
Table 1
Rank analysis when 1 out of 2 TBs is received incorrectly
	Rank for initial transmission
	Rank for re-transmission

	Case 1
	2 Tx, rank = 2
	Rank = 1 (CW0 or CW1)

	Case 2
	4 Tx, rank = 2
	Rank = 1 (CW0 or CW1)

	Case 3
	4 Tx, rank = 3
	Rank = 1 (CW0)

	Case 4
	4 Tx, rank = 3
	Rank = 2 (CW1)

	Case 5
	4 Tx, rank = 4
	Rank = 2 (CW0 or CW1)


Before discussing the four alternatives of PMI indication in the section 1, three design criterions are proposed:

· Full power utilization should be guaranteed in the retransmission because more power is often better in low SINR case which usually happens in the retransmission. And this does not increase the inter-cell interference because we are talking about a retransmission with a rank 2, 3 or 4 initial transmission. The UEs with rank 2, 3 and 4 initial transmission usually locate in cell center not at cell edge.
· The precoding matrix from the agreed codebook for initial transmission should be reused for retransmission. There is no reason of designing new precoding matrix just for retransmission.
· A unified solution should be used for all the cases listed in table 1. Under this criterion, it seems alternative 3 and alternative 4 can not offer a unified solution. 

· Alternative 3 can not work in case 3 and case 4. For example, if the TBS of codeword 0 is higher and codeword 1 is retransmitted, according to alternative 3, the precoding vector of codeword 0 should be used for codeword 1, but the rank of retransmitted codeword 1 is 2 and the precoding vector of codeword 0 of rank 1 can not be used. 

· Alternative 4 can not work in case 4 in which a rank 2 transmission is needed and single antenna port mode transmission does not work here.
According to table 1 and considering the design criterions mentioned above, alternative 1 and alternative 2 are further discussed following.
Alternative 1 Predefined precoding matrix or Precoding cycling:
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Figure 1
Alt.1(a) fixed precoding matrix independent of the precoding matrix in latest UL grant
Figure 1 shows the fixed precoding scheme and the precoding matrix is independent of the precoding matrix with the latest UL grant. Actually the precoding matrix with the lowest index of the corresponding rank of retransmission is chosen from the agreed codebook. The main concern about this scheme is the possible performance degradation in worst case. But note that UL grant triggered retransmission could always be used as a back up.
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Figure 2 Alt.1(b) fixed precoding matrix dependent of the precoding matrix in latest UL grant
Figure 2 shows the fixed precoding scheme, different from Alt.1(a),  the precoding matrix is dependent of the precoding matrix in latest UL grant. The intention of this scheme is to utilize partial channel information indicated by the precoding matrix in latest UL grant. For example, the co-phasing vector for antenna port 1 and 2 are unchanged from the initial transmission in the re-transmission. 
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Figure 3
Alt.1(c) precoding cycling according to the RV or SFN
Figure 3 shows the precoding cycling scheme. The precoding matrix from agreed codebook changes according to e.g. RV or SFN among different re-transmissions in order to make spatial diversity.
Alternative 2 Column selection:
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Figure 4
Alt. 2 Column selection scheme of rank 2
In figure 4, a rank-2 precoding matrix is used for initial transmission of CW0 and CW1, where CW0 is mapped to layer 1 and CW1 is mapped to layer 2. If CW0 fails with a NACK and CW1 succeeds with an ACK, the first column of the precoding matrix could be used as the precoding vector for CW0 re-transmission. If CW0 succeeds with an ACK and CW1 fails with a NACK, the second column of the precoding matrix could be used for CW1 re-transmission. In this scheme, the precoding matrix derived is not from the agreed codebook, which is not necessary. And full power utilization can not be guaranteed, which makes the performance of retransmission even worse. This scheme makes the retransmission performance worse with additional effort of specifying new codebook. So this scheme is not preferred.
3 Conclusion
According to the progress and discussion in the last meeting, this contribution proposes three design criterions under which four alternatives about precoding matrix indication in retransmission without UL grant are analyzed. We propose:
· When the number of TBs in the PHICH-triggered retransmission is less than in the latest transmission with an associated grant.

· Solution 1 : The precoding matrix with lowest index is chosen from the agreed uplink codebook with the rank same as the transmission rank of the retransmission
· Solution 2: The precoding cycling scheme could also be used in retransmission. The precoding matrix is cycled according to RV or SFN.
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