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1 Introduction
From RAN1#61, RAN1 agreed to define a specification-based solution to UL precoding in PHICH-triggered PUSCH retransmissions [1]. During RAN1#62, the following agreement has been reached:

· 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
and alternative solutions to precoding have been identified in case where the number of TBs in the PHICH-triggered retransmission is less than in the latest transmission with an associated grant [2]:

· Alternative 1: Predefined precoding [3]

· Alternative 2: Same precoding previously used for the TB to be retransmitted [4,5]

· Alternative 3: Precoding used for the TB size with a higher TBS, if the TB sizes are different in the grant [6]

· Alternative 4: Fallback to single antenna port transmission [7]
In this contribution, we further discuss pros and cons of alternatives above.
2 Precoding schemes in PHICH-triggered retransmissions
Alternative 1
Alternative 1 is to use a predefined precoding matrix for PHICH-triggered retransmission regardless of 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 1 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, the eNB is assumed to have full knowledge on each UE’s channel and therefore can make right decisions for UL MU-MIMO.
However, since the predefined precoders are not selected based on the channel status, it may happen that those precoders are the worst choice in a given channel condition. In this case, following retransmissions are likely to fail in decoding. To avoid this kind of worst situation, the eNB may need to send PDCCH to make the UE not use the bad predefined precoder. However, this solution weakens the benefit of UL synchronous HARQ.
The worst situation can be avoided by letting the precoders used in PHICH-triggered PUSCH retransmissions change in the time domain. If they change, then even when a predefined precoder is a bad choice, another precoder used in the successive retransmission can overcome the worst case. A simple way to support such precoding cycling is to let the predefined precoders be determined by a time-domain parameter, e.g. subframe index or redundancy version index.
Note that if predefined precoding matrices are selected from the existing codebooks, there is no further specification issue to resolve. This is because Alternative 1 does not expand the UL precoding codebooks.
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Figure 1: An example of Alternative 1
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Figure 2: An example of Alternative 2

Alternative 2
Alternative 2 is for the UE to use the same precoder (i.e. precoding vectors) which was originally used by the retransmitted codeword (CW).
Figure 2 illustrates an example of the precoding operation for Alternative 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.
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 UL precoding codebooks. This means Alternative 2 equivalently expands the UL precoding codebooks. LTE-A UEs should be tested to check if they correctly follow the eNB’s command on precoding. Even though such equivalent codebook expansion does not increase the feedback overhead, it definitely requires more test cases for the vendors to do. Considering this test complexity issue, we have to verify the technical benefit from Alternative 2 in terms of performance. If Alternative 2 does not show performance gain over the other Alternatives, then we cannot see any motivation to introduce Alternative 2 at the expense of test complexity.

Alternative 3
Alternative 3 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 of a CW can be a good measure of the channel quality.
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Figure 3: An example of Alternative 3
If the retransmitted CW has a lower TBS than the successfully decoded CW, then Alternative 3 will select the precoder which was previously used by the successfully decoded CW. Otherwise, Alternative 3 works same as Alternative 2. 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 3 illustrates an example of the precoding operation according to Alternative 3. 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 scheduled TBS of the CWs are compared. If the TBS of CW0 was not lower than the TBS 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 TBS of CW1 was not lower than the TBS 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.

Alternative 3 defines a submatrix of the originally granted precoding matrix as the precoder for retransmission as Alternative 2 does. Therefore, Alternatives 2 and 3 have the same issue about equivalent codebook expansion and test complexity and we also need to verify the technical benefit from Alternative 3 in terms of performance.
Alternative 4
Alternative 4 is for the UE to use a single transmit antenna for PHICH-triggered retransmissions regardless of previously granted precoding, where the single transmit antenna is the one used in the fallback scheme. There is commonality between Alternatives 1 and 4 in a sense of not referring to the previously granted precoding and Alternative 4 also has the worst situation problem that Alternative 4 has.

3 Performance evaluations
Table 1 lists simulation parameters for the performance comparison of the precoding schemes discussed in the previous section. For the retransmissions in the simulation, it is assumed that data for another user is scheduled for the empty DMRS ports that were released by the successfully decoded CW. Since a DMRS port that is identified by a DMRS cyclic shift and an orthogonal cover code is a UL resource, assigning other user to the unused DMRS enables maximal UL resource utilization. Here, the MU-MIMO interference is modelled as Gaussian random variable without loss of generality.
In the evaluations, it is assumed for all the Alternatives that the retransmission TB will be assigned the same power as the granted transmission, i.e. the retransmission does not carry any automatic power adjustment command. 
Table 1: Simulation parameters

	Parameter
	Assumption

	System bandwidth
	20 MHz

	Slot format
	Normal CP, 7 symbols per slot

	Channel coding
	Turbo code

	Link/Rank adaptation delay
	4 ms

	Target BLER for link adaptation
	10-2 at the 2nd transmission

	HARQ scheme
	Chase combining

	MIMO receiver
	MMSE

	Channel model
	Typical Urban (TU) - 6 path

	Speed
	3km/h

	Data transmission BW
	4 PRBs

	Antenna ports 
	4x4

	Tx/Rx antenna correlation
	Uncorrelated

	Channel estimation
	Ideal
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Figure 4: Throughput performance for alternatives
Figure 4 shows the throughput performance for the Alternatives. Alternative 3 provides better throughput by 10% in rank-3 favourable SNR ranges than Alternatives 1 and 2. On the other hand, Alternatives 1 and 2 show almost same performance.

4 Comparisons of Alternatives

Table 2 summarizes the pros and cons of each alternative.

As discussed in Section 2, Alternatives 2 and 3 have a potential issue on codebook expansion which leads to complexity in UE precoding tests. Since Alternatives 1 and 2 showed compatible performance, Alternative 1 seems better than Alternative 2 if we have to select one between Alternatives 1 and 2. Alternative 3 outperforms the other Alternatives. However, we have to allow more test cases of UE precoding if Alternative 3 is adopted. In sum, Alternative 1 looks the best candidate.

Table 2: Comparisons of Alternatives
	Alt
	Pro/Con Analysis
	Note

	1
	Pros
	Simple while showing comparable performance to Alternative 2
	To avoid consecutive worst precoder selection, precoder cycling in the time domain is needed.

	2
	Cons
	· No full antenna utilization

· Complexity in precoding tests due to codebook expansion
· No significant performance improvement from Alternative 1
	

	3
	Pros
	Best precoding adaptation (10% throughput gain)
	

	
	Cons
	· No full antenna utilization

· Complexity in precoding tests due to codebook expansion
	

	4
	Pros
	Simple
	

	
	Cons
	· No full antenna utilization

· Consecutive worst precoder selection not avoided
	


However, as discussed in Section 2, Alternative 1 without precoder cycling in the time domain cannot avoid the consecutive worst precoder selection. Therefore, we propose Alternative 1 with precoder cycling according to a time variable. Since the UL synchronous HARQ changes the redundancy version of a TB in every transmission, the redundancy version index (RVI) would be used as the time variable for precoder cycling in Alternative 1.
5 Conclusions
This contribution analyzed pros and cons of Alternatives for precoding in PHICH-triggered PUSCH retransmissions and presented performance evaluation results. From the evaluation results and the analysis on the pros and cons of each Alternative, we propose
· In case where the number of TBs in the PHICH-triggered retransmission is less than in the latest transmission with an associated grant, a predefined precoding matrix is used regardless of the granted precoding matrix.
· The predefined precoding matrices are contained in the codebook of the retransmission’s rank.

· The precoding matrix indexed by RVI within the codebook of the rank is used for retransmission.
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