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[bookmark: _Ref298777854]Introduction
In RAN1#72, companies submitted their codebook proposals [1-11]. Most companies support a structure of W1W2 with non-zero bits for W1. Note that the Rel. 10 4Tx codebook follows W1W2 structure with zero bits for W1. Since channel correlation in time and frequency is not exploited by a single component feedback, we propose that a dual component feedback be standardized with non-zero bits for W1 and W2.
Proposal: Standardize W1 and W2 codebooks with non-zero number of bits. 
Some of the designs target the codewords for closely spaced XPOL and/or closely spaced ULA antenna configurations. It must be noted that the Rel. 10 4 Tx codebook is robust for ULA, XPOL and uncorrelated antenna settings although the resolution is not high enough for efficient MU-MIMO operation. Based on this, we propose that the following precoder structures for rank 1 precoder should be available in the new codebook design as well.



                                                   




where ,can be uniformly quantized from  and .
Proposal: The dual codebook structure should be targeted for multiple antenna configurations including closely spaced XPOL & ULA antennas and widely spaced antennas.
While codebook subset restriction can be used by the eNB to limit the PMI search space based on the eNB antenna configuration, it has considerable overhead when the number of codewords in the two component codebook is large. For example, the number of bits to signal the subset restriction can be as high as the size of the codebook itself. Further, the UE reported feedback doesn’t take into account the reduced PMI space. However, this can be improved by supporting a mechanism for eNB to select the sub-codebook in the CSI-RS or CSI-Process configuration message. As a result, the codebook restriction can be achieved with only 2 bits. Further, the PMI feedback size will also reduce as the PMI bits address the codewords within the sub-codebook.  
Proposal: Standardize support for codebook selection in the CSI process configuration
Codebook Details
We follow the following principles in our design. The codebook entries should be of equal magnitude across antenna elements. The joint codebook should contain at least 16 4x1 DFT vectors (4x oversampling) to work well in closely spaced ULA antennas. The joint codebook should also contain at least 4 co-phases for XPOL with at least 8 2x1 DFT vectors (4x oversampling). Also, the W1 codebook should be able to be reused across different ranks similar to the 8Tx design.
The following table lists the size of the W1 and W2 codebooks for different ranks.
[bookmark: _Toc339901126]Table 1: Codebook size for different ranks
	Rank
	W1 bits
	W2 bits

	1
	4
	3

	2
	4
	2

	3
	2
	2

	4
	2
	1




For a 4 bit W1 codebook for rank 1, (4, 8, 4) W1 matrices can support (ULA, XPOL, UNCORR) configurations respectively. W2 can be designed to act as a column selection matrix. With 3 bit W2, each W1 can have 8 columns. For the ULA case, the DFT angle can be quantized with 5 bits resulting in a minimum resolution of  .  However, we utilize a bit to overlap W1 codewords to remove ‘edge effects’ at the sub-band level. As a result, there are 16 unique 4x1 DFT vectors. For XPOL, the DFT angle can have a resolution of 4 bits thereby creating 16 2x1 DFT vectors in addition to 4 independent values for the co-phasing element.  Finally, a total resolution of 5 bits is shared by the three parameters in the uncorrelated case. 
Ranks 1 and 2
For ranks 1 and 2, the W1 codebook is common. Here we propose to have a 4 bit codebook for W1 with (4, 8, 4) W1 matrices targeting (ULA, XPOL, UNCORR) configurations respectively as shown below: 
Table 2: Codeword allocation for W1 codebook
	Structure
	Number of W1 matrices for ranks 1&2

	4x1 DFT Structure
	4

	2x1 DFT Structure with 4 independent phases
	8

	Uncorrelated Structure
	4



Each W1 is a 4x8 matrix as represented by

	 	
The W1 codebook which is common for ranks 1 and 2 is provided below:

Table 3: W1 codebook for ranks 1 and 2
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In the above,  represents modulo-2 operation on x. In the following, we provide the W2 codebooks for ranks 1 and 2.
Table 4: W2 codebook for rank 1 
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is the mth column of  identity matrix .



Table 5: W2 codebook for rank 2 
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is the mth column of  identity matrix .


Ranks 3 and 4
The design principle for ranks 3 and 4 is to generate a W1 codebook with rotated versions of a 4x4 DFT based orthonormal matrix. Four possible rotations are provided at the wideband level while 2 choices are available at the sub-band. 
Table 6: W1 codebook for ranks 3 and 4
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The W2 codebooks for ranks 3 and 4 are provided in the following. W2 for rank 3 chooses the DFT rotation as well as one of the two choices for selecting 3 out of the 4 columns of the DFT matrix. W2 for rank 4 chooses the rotation with 1 bit.

Table 7: W2 codebook for rank 3
	


	

 
	


	

 
	


	

 
	


	

 
	





Table 8: W2 codebook for rank 4
	


	

 
	


	

 
	




Codebook Selection
In order to limit UE complexity, the eNB can employ codebook subset restriction to choose sub-codebooks optimized for different antenna configurations. However, this entails significant overhead. We provide an example of how sub-codebook selection can be employed by the eNB with low overhead. In the CSI-Process definition, the eNB can indicate the sub-codebook to use. For example, with 2 bits the eNB can indicate to the UE which sub-codebook to use among XPOL, ULA, and UNCORR codebooks. Further, the number of bits for the PMI reported in the uplink will also reduce. For the proposed codebook, the number of bits for W1 PMI can be reduced by 1.  With codebook subset restriction for the proposed codebook, the signalling will involve 57 bits while the PMI feedback bits are not reduced.

Conclusion
Proposal 1: Standardize a two component PMI feedback with non-zero number of bits for W1.

Proposal 2: The codebook should be targeted for multiple antenna configurations including closely spaced XPOL & ULA antennas and widely spaced antennas.

Proposal 3: Standardize support for (sub) codebook selection in the CSI Process configuration.
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