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1. Introduction

MU-MIMO enhancement has been extensively discussed in LTE-A Rel. 10 development for homogeneous network. Precoding flexibility and accuracy were two hot topics. The CSI-RS/DMRS based RS structure provides much more precoding flexibility than the conventional CRS based RS structure. Although the precoding flexibility has been augmented, the enhancement of precoding accuracy is still under discussion and the Rel. 8 codebooks with legacy resolution are reused in Rel. 10. For improving the accuracy, we notice that the constituent 4Tx precoding components of Rel. 10 8Tx codebooks have higher spatial resolution than the Rel. 8 4Tx ones. It may take minimum efforts to repurpose those components for enhancing 4Tx precoding. We verified this approach by showing the efficiency of such a 4Tx codebook for both homogeneous and heterogeneous networks in [1] [2]. In [3], we further verify the efficiency of the same codebook using operator prioritized scenarios and the agreed simulation assumptions for CSI feedback enhancement. Similar performance improvements are also reported in other independent contributions [4-9]. It is expected that CoMP should also benefit from the increased spatial resolution in nulling CSI feedback. The main purpose for this contribution is to reveal the similarity across different high resolution codebooks [3], [5-7] and move the discussion forward.
2. Comparison of different codebooks
Though different codebook proposals employed different mathematical expressions in generating the codewords, we noticed high commonality in the generated codewords from different proposals [3], [5], [6], [7]. In this section we list the rank 1 codewords of each proposal in the same table one by one so that one can have a clear overview of the commonalities and differences of different codebook proposals and may reach a consensus on how to enhance 4Tx codebooks within the Rel. 11 time frame. 
We follow the notation 
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 in [10] for describing the 32 DFT beams for 4Tx antennas. Without affecting the performance, we may reorder the codewords for the ease of comparison. For [6], only four rotation vectors are used, i.e. 
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. We use the 60 codewords in [3] as reference and mark identical codewords in [5] and [6] with green background and mark highly similar codewords with yellow background for easy comparison. 
Table 1, Comparison of rank 1 codebook from different proposals [3], [5], [6]
	Codebook Index
	[3]
	[5]
	[6]
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The codeword by codeword comparison demonstrates the commonalities across all of the three codebooks independently proposed:
Commonality 1: More than 70% of the codewords are either identical or similar among the three proposed codebooks.
Commonality 2: All the codebooks are optimized for closely spaced ULA and XPol antenna arrays.
Commonality 3: At least one bit DFT oversampling of the existing 4bits Rel. 8 codebook is proposed by all three proposals. Those DFT vectors can be used for both closely spaced ULA and XPol. Besides the DFT vectors, some non-DFT vectors are included to increase the resolution of co-phasing for XPol antennas.
Commonality 4: For enhancing the performance of closely spaced XPol and ULA, the three codebooks increase the 4Tx codebook size to be equal or greater than 6 bits.
3. Largely spaced antennas 
The importance of largely spaced antennas has been reemphasized in [11] by operators. The associated channel matrix and optimal precoder have a much greater range in beamforming space than those for closely spaced antennas. A much larger codebook is required for covering the augmented beamforming space.  Besides the size increase, the constant modulus property of the Rel. 8 codebook also needs to be relaxed. The reason is that the optimal precoder of the largely spaced antennas has entries with different magnitudes naturally. The restrictions of constant modulus entry and small size alphabet increase the quantization error and limit the precoding performance for this channel. If the channel slowly varies over time or frequency, we believe that a properly designed differential codebook is suitable such as [12]. The channel correlation is explored efficiently to reduce the feedback overhead and at the same time provide good quantization performance. On the other hand, MMSE-1 receiver needs to be improved against the possible large inter-stream interference when MU-MIMO is used in largely spaced antennas.
4. Conclusion
In this contribution, we compared several 4Tx codebook proposals by explicitly spelling out each rank 1 codeword. Through the codeword by codeword comparison, high similarity is observed among the codebook proposals [3] [5] [6]. More than 70% of the codewords in those proposals are either identical or similar since they are designed for enhancing the spatial resolution for closely spaced ULA and XPol antennas. If there is enough interest to improve the MU-MIMO performance with largely spaced antennas within Rel. 11 time frame, advanced codebook designs such as non-constant modulus codebook and differential codebook can be reconsidered.
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