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1 Introduction
In RAN1#73 meeting, 4Tx codebook for MIMO enhancement in Rel.12 was discussed.  For rank 3/4, Rel.8 4Tx codebook is reused, while a new codebook will be introduced for rank 1/2. In the new codebook, W1 with wide-spaced beams (2a or 2b) for the sake of robustness of the gains is agreed in the meeting [1]. According to the discussion and evaluation results in [2], the solution 2a is preferred. In this contribution, we give our views on the codebook sub-sampling for the following periodic MIMO feedback modes based on solution 2a:
· Codebook sub-sampling for PUCCH mode 1-1 submode 1
· Codebook sub-sampling for PUCCH mode 1-1 submode 2

· Codebook sub-sampling for PUCCH mode 2-1 

2 Codebook sub-sampling 
To enhance performance, double codebook structure of Rel.10 8Tx is also used in 4Tx Rel.12 rank 1/2 codebook. A precoding matrix W can be expressed as W=W1W2. For solution 2a, the expressions of W1 and W2 are given in Appendix 1. A pair of codebook index, i.e., i1 and i2, is used to represent a precoding matrix.  For solution 2a, the relations between codebook indices and precoding matrices are shown in Table A 1 and Table A 2  in Appendix 1. 
2.1 PUCCH mode 1-1 submode 1
In PUCCH 1-1 submode 1, RI and the first precoding matrix indicator i1 are jointly encoded. For Rel.10 8Tx codebook, the size of RI and the first precoding matrix indicator i1 is fixed to be 5 bits and there is codebook sub-sampling for i1. The container for RI and the first precoding matrix indicator can be reused for Rel.12 4Tx codebook. In this case, there is one state for each of rank 3/4 and it is possible to have 30 states for the first precoding matrix indicator of rank 1/2. Considering the performance of PUCCH transmission and PUCCH detection complexity, it is proposed to have 8 states indicating the first precoding matrix for rank 1/2 each. 
In both solution 2a and 2b, W1 has the following structure: 
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where Xn (0≤n≤7) and Xn+8 have common column vectors. Thus, there are many repetitive precoding matrices in the codebook, where the details of the analysis are given in [2].  Since the size of the codebook will be reduced by the sub-sampling, we should avoid the repetition of the codewords in the codebook and maximize the size of the effective codebook. Therefore, it is reasonable to choose one from Xn and Xn+8, but not both of them.
Based on the above analysis, for PUCCH mode 1-1 submode 1, the proposed sub-sampling for PUCCH mode 1-1 submode 2 is shown in Table 1.
Table 1 codebook sub-sampling for PUCCH mode 1-1 submode 1

	Value of joint encoding of

RI and the first precoding matrix

IRI/PMI
	RI
	Codebook index i1

	0-7
	1
	IRI/PMI

	8-15
	2
	IRI/PMI-8

	16
	3
	-

	17
	4
	-

	18-31
	reserved
	NA


2.2 PUCCH mode 1-1 submode 2

In the codebook sub-sampling of PUCCH mode 1-1 submode 2, there are 3 bits for W1 and 1 bit for W2, which are represented by i1 and i2, respectively. As mentioned in section 2.1, Xn (0≤n≤7) and Xn+8 have common column vectors, sub-sampling for W1 is proposed to have W1,n (0≤n≤7) which can cover all the available beams. 
Given the above sub-sampling for W1, the sub-sampling for rank 1 W2 shall enable the selected beam to be distributed over all the available beams and also generate more DFT vectors for performance optimization. For the rank 1 design of Rel.12 4Tx codebook, the number of DFT vectors, which is suitable for ULA (Uniform Linear Array) antenna configuration, is increased to 16 (8 DFT vectors in Rel.8 4Tx rank 1 codebook) due to the introduction of 
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. For each W1, there is one DFT vector which can be selected by W2 . Therefore, it is expected that there are 8 DFT vectors for rank 1 after codebook sub-sampling, which is the same as Rel.8 codebook. We propose the following sub-sampling scheme for rank 1 in Table 2. 
Table 2  Rank 1 codebook sub-sampling for PUCCH mode 1-1 submode 2
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For rank 2, to avoid the repetition of codewords [2], the codebook indices i1 corresponding to
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(n=0-7) should also be selected.  Hence, codebook sub-sampling for rank 1 in Table 2 can be reused for rank 2.
2.3 PUCCH mode 2-1
In PUCCH mode 2-1, it is not needed to do sub-sampling for rank 1 codebook. However, for rank 2, there are 2 bits for i2 sub-sampling. To avoid the codewords repetition for rank 2 as discussed in Section 2.1, we propose the following sub-sampling scheme for rank 2. 
 Table 3  PUCCH mode 2-1 rank 2 sub-sampling
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For rank 3/4, Rel.8 codebook is reused and W1 is an identity matrix. In PUCCH mode 2-1, there is wideband PMI feedback which has 16 candidate precoding matrices. However, for sub-band PMI feedback, only 4 precoding matrices can be used for selection, which has lower granularity than wideband PMI. Hence, wideband PMI for rank 3/4 may be sufficient and sub-band PMI reporting is not needed. 
3 Conclusions
In this contribution, Rel.12 4Tx codebook sub-sampling for PUCCH mode 1-1 submode 1, submode 2 and PUCCH mode 2-1 is discussed and we propose to use the sub-sampling defined in Table 1, Table 2 and Table 3 for different PUCCH feedback modes.  Sub-band PMI feedback for rank 3/4 is not needed in PUCCH mode 2-1.
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Appendix 1: The relations between codebook indexes and the corresponding precoding matrices 
Solution 2a: 
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The relations between codebook indexes and the corresponding precoding matrices are shown in Table A1 and Table A2, where the quantities 
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Table A1.  Rank 1 codebook of solution 2a 
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Table A2.   Rank 2 codebook of solution 2a 
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