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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 and present performance evaluation results.
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 of a CW can be a good measure of the channel quality.
If the retransmitted CW has a lower TBS 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 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.

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.
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.
Figure 5 shows the throughput performance for the above alternatives. Alt. 1-2 provides better throughput by 10% in rank-3 favourable SNR ranges than Alt. 1-1 and Alt. 2 which have almost same performance as each other. Alt. 1-3 shows some gain in relatively low SNR while the gain becomes marginal in high SNR. From the results, we can conclude that

· Alt. 1-2 promises the best performance among the schemes evaluated by the simulation

· Alt. 2 also shows comparable performance to others except Alt. 1-2 even though it is very simple.

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


[image: image5.png]Throughput (bits/sec/Hz)

— Alt 1-1
—P—Alt 12
Alt 1-3
[ —*—Alt2
10 12 14 16 18

SNR per Rx antenna (dB)

20




Figure 5: Throughput performance for alternatives
4 Comparisons of Alternatives

Table 2 summarizes the pros and cons of each alternative.
Table 2: 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 (10% throughput gain)
	· 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


5 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 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.
From the evaluation results and the analysis on the pros and cons of each alternative, we propose either Alt.1-2 or Alt. 2.

· Alt.1-2 (TBS-based blanking), if the performance gain is the main criterion

· Alt. 2 (default precoder), if simplicity and antenna utilization are the main concern
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