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1. Introduction
At RAN #62 meeting, it was agreed that if the number of TBs in the PHICH-triggered retransmission is the same as that in the latest transmission with an associated grant, the rank and precoding vector remains the same and the retransmission does not carry any automatic power adjustment command. For the case where the number of TBs in the PHICH-triggered retransmission is less than that in the latest transmission with an associated grant, 4 alternatives were discussed. In this contribution, we compare them from several aspects.
2. Analysis of all alternatives
Alt 1: The precoding vector for a retransmission should be a predefined precoding matrix [1-4].
The precoding matrix is selected from the agreed uplink codebook for the transmission rank of the retransmission. Thus, full power utilization of transmit antennas is achieved and no effort is required to define the additional codebook entries defined for retransmission. 
Whether to use a predefined precoding matrix depending or not depending on the precoding matrix in the initial transmission is the tradeoff between implementation complexity and performance. 
Alt 1-1: the first entry from the codebook without regard to the original precoding matrix is used for retransmission.

Alt 1-2: the precoding matrix from the codebook which is closest to original precoding matrix is used for retransmission.
Simple specification in the standard can be achieved with Alt 1-1. On the other hand, better precoding gain can be achieved with Alt 1-2 because it takes advantage of the spatial channel information in the original transmission (Figure 2). For example, as shown in Fig 1, the precoding matrix which is most similar to the best equivalent channels in the initial transmission is selected for the retransmission. If the first column of original precoding matrix can be assume to be associated with the best equivalent channel, the retransmission precoding matrix is selected based on the minimum chordal distance to the submatrix including the first column. In this example, the first 2 columns of original precoding matrix are selected. The precoding matrix for retransmission corresponding to each precoding matrix in the original transmission can be pre-computed and stored in a table, so a UE does not need to compute this in real time.  
It may be argued that spatial diversity is obtained by cycling of precoders after multiple retransmissions. However, the eNB can perform adaptive retransmission and specify the proper precoding matrix and MCS for the next retransmission if the TB is incorrectly decoded after PHICH-triggered retransmission. Thus, the PHICH-triggered retransmission is not likely to take place many times and the gain provided by cycling of precoders will be very limited. 
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Figure 1: An example for Alt 1
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Figure 2: Throughput performance 
Alt 2: TB is transmitted with the same precoding that was previously used for the TB to be retransmitted in the latest grant [5-7].
Considering that the channel varies slowly, using the same precoding vector for the retransmitted TB provides at least the same precoding gain as the initial transmission. One main drawback of this alternative is that not all antenna ports will be used in the retransmission, and this leads to poor efficiency of PA power.  This is caused by the CMP property of current codebooks and leads to performance loss in some cases. Additionally, the submatrix of the original precoding matrix does not belong to the current codebooks and causes extra complexity. 
Alt 3: 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 [4].

This approach combines CW-to-layer mapping arrangement and Alt 2. The MCS (TBS index) for a given codeword can be taken as an indication of the channel quality for the associated layers. Thus, mapping the retransmitted TB on layers corresponding to the correctly received TB with larger TBS index guarantees higher effective SINR than Alt 2, which leads to better performance. However, the implementation complexity increases, especially when the layer(s) used for the retransmission of a CW differ from those used for the initial transmission.  Similar to Alt 2, this also suffers from the problem of additional precoding matrix when the retransmission matrix is chosen as a submatrix from the existing codebook.
Alt 4: Fallback to single antenna port transmission [8].

From the prospective of specification, this approach is the simplest way which avoids the difficulty on the precoding matrix selection for retransmission. At least in the case of rank 1 retransmission, using fallback to single antenna port mode is sufficient. A drawback of this approach is that it does not explore spatial dimension of the channel and may achieve only a fraction of the channel capacity.
3. Conclusions

In this contribution, we discuss the precoding matrix selection for PHICH-triggered retransmission. From the simulation results and the analysis, we propose that:

· If the retransmission performance has the highest priority, Alt 1-2 is preferred, i.e. the precoding vector for a retransmission should be a predefined precoding matrix depending on the precoding vector in the latest grant. 
· If the specification simplicity has the highest priority, Alt 4 is preferred, i.e. the retransmission is performed in single antenna port transmission mode.  
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Appendix: Simulation results

    Table 1 – Simulation Conditions

	Parameter
	Value

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUSCH bandwidth
	5RBs

	Slot format
	normal CP

	Channel model
	EPA, 3kmph

	Antenna configuration
	4x4

	PUSCH transmission rank
	3

	Antenna correlation 
	0.0

	Receiver
	MMSE

	Channel estimation
	Ideal

	Precoding codebook
	codebook in TR 36.814

	Link adaptation 
	On

	AMC target BLER
	10%


Table 2 – Example of possible codebook for retransmission (number of layers v=3 for first transmission)
	Codebook index for first transmission
	Number of layers 
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	Codebook index for first transmission
	Number of layers 
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