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1 Introduction
The issue on UL precoding in PHICH-triggered retransmissions was discussed during RAN1#61 [1] and the following agreement was reached [2]:

· Specification-based solution is needed. Continue discussion until next meeting on the exact method.
In this contribution, we further discuss pros and cons of several alternatives.
2 Precoding schemes in PHICH-triggered retransmissions
As discussed in [2], precoding schemes for the following cases are clear:

· PHICH signalling ACKs for both codewords: no retransmission

· PHICH signalling NACKs for both codewords: reuse the previously granted precoder
Ambiguous case takes place only when PHICH signals (ACK, NACK) or (NACK, ACK) to request a retransmission of one of the codewords initially transmitted. In this case, since the UL transmission rank is reduced, we cannot reuse the previously granted precoder. We have discussed 2 specification-based solutions for this case in [2]. In this section, several extensions from the solutions are further discussed.
Alternative 1

Alternative 1 is for the UE to use a precoder (i.e. precoding vectors) derived from the precoding matrix employed in the previous transmission. Several variations can be developed from this alternative.
Alt. 1-1

Alt. 1-1 is for the UE to use the same precoder (i.e. precoding vectors) which was originally used by the retransmitted codeword (CW).
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Figure 1: An example of Alt.1-1
Figure 1 illustrates an example of the precoding operation for Alt. 1-1. 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.
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.
Alt. 1-2
Alt. 1-2 is for the UE to use the same precoder (i.e. precoding vectors) which was previously used by a CW for the retransmitted CW. Which CW to select for decision of precoder vectors depends on the channel quality of the layers of each CW. TBS or MCS of a CW can be a good measure of the channel quality.
If the retransmitted CW has a lower TBS (or MCS) than the successfully decoded CW, then Alt. 1-2 will select the precoder which was previously used by the successfully decoded CW. Otherwise, Alt. 1-2 works same as Alt.1-1. In other words, the precoder will be switched to the one which was previously used by the CW having better channel quality. This approach guarantees that the retransmitted CW will be transmitted on the better spatial layers.
Figure 2 illustrates an example of the precoding operation for Alt. 1-2. Let’s first look at the operation when ACK for CW1 and NACK for CW0 are signalled. Prior to deciding the precoder of CW0 for retransmission, the granted MCS levels of the CWs are compared. If the MCS of CW0 was not lower than the MCS of CW1, then the UE is to reuse the first column vector of the precoding matrix as the precoder for retransmission of CW0. Otherwise, the UE is to reuse the second and third column vectors of the precoding matrix. Move onto the next case when ACK for CW0 and NACK for CW1 are signalled. If the MCS of CW1 was not lower than the MCS of CW0, then the UE is to reuse the second and third column vectors of the precoding matrix. Otherwise, the UE is to reuse the first column vector of the precoding matrix.

Alt. 1-2 shares the characteristics with Alt. 1-1 such as the transmit antennas not fully utilized due to the CMP design and the precoders not defined in the codebook.

Alt. 1-3

Alt. 1-3 is for the UE to use a precoder (i.e. precoding vectors) which is implicitly inherited from the originally granted precoding matrix and defined in the precoder codebook (CB). This is to fully utilize the transmit antennas while taking advantage of the adaptive precoder.

Let’s denote the originally granted precoding matrix as P(CB. If ACK for CW1 and NACK for CW0 are signalled, then the UE is to use the precoding matrix QNA(CB implicitly mapped to P. On the other hand, if ACK for CW0 and NACK for CW1 are signalled, then the UE is to use the precoding matrix QAN(CB. The precoders QNA and QNA are predefined as a function of P so that there is no signalling required to indicate QNA and QAN.
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Figure 2: An example of Alt.1-2
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Figure 3: An example of Alt.1-3
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Figure 4: An example of Alternative 2

Figure 3 illustrates an example of the precoding operation for Alt. 1-3. The precoders QNA(P) and QNA(P) are implicitly inherited from the originally granted precoding matrix P. In this example, QNA and QNA are chosen to take advantage of the beamforming vector [1 1 0 0]T in both (NACK,ACK) and (ACK,NACK) cases.

Alternative 2
Alternative 2 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) and the UE is supposed to use a predefined precoding matrix depending on the rank in retransmissions.

Figure 4 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.
Comparisons of Alternatives
Table 1 summarizes the pros and cons of each alternative.
Table 1: Comparisons of Alternatives
	Alternatives
	Pros
	Cons

	Alt. 1-1
	· Simplicity
· Moderate precoding adaptation
	· No full antenna utilization
· Precoders not defined in the codebook

	Alt. 1-2
	· Precoding adaptation better than Alt. 1-1
	· No full antenna utilization

· Precoders not defined in the codebook

	Alt. 1-3
	· Full antenna utilization
· Precoding adaptation better than Alt. 1-1
	· A bit complicated specification

	Alt. 2
	· Simplicity

· Full antenna utilization
	· No precoding adaptation


Considering the potential gain from precoding adaptation and the simplicity in both specification and implementation, we propose Alt. 1-2.

3 Discussions on HARQ evaluation methodology
If a scheme shows a certain gain in HARQ retransmissions, then it will produce a lower BLER not at the initial transmission but at retransmissions. To obtain a throughput gain from the BLER gain, the scheduler should be able to make an aggressive MCS level selection by taking advantage of the BLER gain. If the outer-loop operation is working for a certain BLER at the initial transmission, then it is hard to observe such gain from aggressive scheduling.
In 3GPP RAN1, it has been assumed that the outer-loop operation for MCS level scheduling is performed by targeting 10% BLER at the initial transmission. However, for comparisons of the precoding schemes in PHICH-triggered retransmissions, we suggest that the evaluation setup should target a certain BLER (e.g. 1%) at a retransmission (e.g. the 2nd transmission). This change enables us to correctly compare the schemes developed for HARQ improvement.
4 Conclusions
This contribution presented several extensions from the solutions discussed in [1] for precoding in PHICH-triggered retransmissions as follows:

· Alt. 1-1: Use the same precoder originally used by the retransmitted codeword (CW) while blanking the other layers 

· Alt. 1-2: Use the same precoder previously granted while blanking the layers that the CW with a lower granted MCS level (or TBS)
· Alt. 1-3: Use the precoder implicitly derived from the granted precoder and within the codebook
· Alt. 2: Use a default precoder regardless of the granted precoder
and analyzed pros and cons of each solution. Considering the potential gain from precoding adaptation and the simplicity in both specification and implementation, we propose Alt. 1-2.
We also discussed the evaluation methodology for schemes designed to improve HARQ. To appropriately observe the gain of aggressive scheduling from such schemes, we have suggested that the evaluation setup should target a certain BLER (e.g. 1%) at a retransmission (e.g. the 2nd transmission).
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