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1. Introduction
In RAN1#72, it was agreed to use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs [1]. The codebook design candidates should be submitted by 8th March 2013 for further evaluation and comparison in RAN1 #72bis.
In this contribution, the analysis of different enhanced 4Tx codebook structures is presented. Based on these analyses, the proposals on the 4Tx codebook enhancement are suggested. In our companion contribution [2], the performances of the proposed 4Tx codebooks and other candidates are evaluated by system level simulation in scenarios A. 
2. Analysis of codebook enhancement schemes 
After RAN1#72 meeting, most companies submit their 4Tx enhanced codebook candidates. These candidates can be divided into three categories. 
· Category-1: the W1 in wideband codebook C1 contains one beam and the subband codebook C2 only performs co-phasing between the two polarizations, such as [3]-[5].
· Category-2: the W1 in wideband codebook C1 contains one or more beam, the subband codebook C2 not only performs co-phasing between the two polarizations, but also performs beam selection within the indicated beam group or refines the beam which corresponding to a set of adjacent beams, candidates in [6]-[13] belong to this category. 
· Category-3: the W1 is an identity matrix which is not to feed back, in order to improve the accuracy of channel quantization, the size of codebook C2 may be large which needs more feed back overhead , such as 6bit codebooks in [14].
In Category-1, subband codebook only contains phasing information between polarizations, its size is relatively small, 2 bits in [3] and [4], which can save the feedback overhead in subband PMI reporting modes comparing with Rel-10 4 bits codebook. However, based on the performance evaluation in [2], the performance gains of enhanced codebooks belonging to Category-1 is marginal comparing with Rel-10 4Tx codebook. The enhanced codebook in [14] belonging to Category-3 are expected to have performance gains because of additional 48 codewords are added to the legacy 4 bits codebook. Whereas, adding 1 bit to subband codebook can increases the total payload by N bits in subband PMI reporting modes, where N is the number of subbands. Therefore, the size of subband codebook in enhanced codebooks should be not too large in order not to increase the feedback overhead too much. 
The aim of codebook enhancement is mainly improving the performance in the premise of the accepted overhead. Therefore, the Category-2 can achieve a good tradeoff between the performance and payload. The most enhanced codebooks in Category-2 utilize the similar structure to Rel-10 8Tx codebook, where, W1 uses a block diagonal, grid-of-beams structure, and W2 achieves beam selection and co-phasing between the two polarizations. The wideband codebook can be summarized in the following form,
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The difference of various candidates is the design of X and Y. For enhanced subband codebook, the most candidates reuse the 8Tx subband codebook for rank1 and rank2,

For rank 1:
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For rank 2：
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 Where，
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In RAN1#72 meeting, we give our 4Tx codebook enhanced scheme [6]. The overall precoder of rank r can be constituted as
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where,
· The overall precoder W is a 
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 matrix, which contains the refined information of channel properties, such as the channel properties between two ULA groups, and the difference between the overall precoder with
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for high correlated channels. The detail of M is presented in Table 1-Table4 in [6].
Based on the detailed wideband and subband codebook design in [6], the structure of W1 in enhanced codebook can also be written as 
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Where,
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D is a diagonal matrix, to guarantee linear phase increment property for the case of co-polarized antenna configuration, the diagonal element 
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The subband codebook can be same as Rel-10 8Tx if the size is 4 bits for rank 1 and rank 2. For 3 bits rank 2 subband codebook as in [6], the W2 can be written as follow,  
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3. Conclusions

Considering the tradeoff between the performance, overhead and the standardized complexity, the existing Rel-10 8Tx codebook structure can be a good framework for the design of enhanced 4Tx codebook structure. In addition, the codebook constituted by down-scaling Rel-10 8Tx codebook, namely choosing four rows out of eight rows from each 8Tx precoder, can be an enhanced scheme for 4Tx codebook.  
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