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1. Background
A host of working assumptions was reached in RAN1#72bis for new rank-1/2 codebook in Rel.12, as well as for rank-3/4 codebook (if adopted).  Based on the working assumptions, a total of 16 codebook proposals were submitted over the RAN1 email reflector. Evaluations of these proposals are provided in two companion contributions (cf. [16, 17]). 
In this contribution we provide our analysis of these proposals and discuss how to finalize the WI. 
2. Summary of codebook proposals

2.1. Wideband W1 
The differences in various W1 proposals are mainly in terms of grid formulation, including the beam granularity and indices of beams in each grid.
· Alt1: Reusing the 8Tx grid structure where each grid has four adjacent beams, with two overlapping beams across two neighboring grids (cf. [4, 5, 6, 9, 11, 12, and 14]). Two over-sampling rates (Q = 16 or 32) are proposed. A slightly different alternative is given in [6] where each grid has two beams with one overlapping. This design results in the same angular spread coverage as four beams per W1, except that the W2 overhead can be slightly decreased. 
This design is expected to work well for channels with small angular spread and closely-spaced antennas. In the interested range of angle-of-arrival, having four adjacent beams provides ample over-sampling granularity and CSI quantization accuracy. However, it is expected be less robust under wide angular spread, timing misalignment, and widely spaced antennas. 
· Alt2: Each grid comprises four distributed beams (cf. [2, 8, 10, 13]). This design enables wider angular spread coverage when the same number of DFT beams is used per W1 grid, and is expected to be more robust in highly frequency-selective channel, widely spaced antennas, and timing misalignment. On other hand, given that Rel.8 codebook is more robust than GoB codebook in these channels, the necessity of such a design can be further debated. If robustness is really a concern, the working assumption of not inheriting Rel.8 precoders in the new codebook should be revisited. Lastly, for deployment scenario with narrow angular spread, this structure is expected to be less accurate than Alt-1 because only one DFT beam will fall within the range of interested angle-of-arrivals. 
· Alt3:  A hybrid grid structure of alt-1 and alt-2, where each grid comprises either adjacent or distributed beams (cf. [4, 10]). This may achieve a balanced performance in different deployment scenarios. 
Alt-1 is the simplest to standardize and allows reusing the same PUCCH/PUSCH feedback channel of 8Tx, which is highly desirable given this is the last meeting to finish the work item. The disadvantage is less robust performance in widely-spaced XPOL, small angular spread, and timing misalignment. On the other hand, Alt-2 and Alt-3 are more complicated to complete in one meeting, but might be slightly more robust against timing misalignment and wide antenna spacing.
Proposal:

· For W1, decide between different grid structure based on the tradeoff of standardization effort and performance robustness. 
· If W1 grid is to consist of four adjacent DFT beams, consider using the same beam granularity (N=32) and overlapping rate (Nb=2) of 8Tx codebook.

· If W1 grid is to consist of four distributed DFT beams, consider uniformly distributing the DFT beams over the entire DFT subspace to provide sufficient angular spread coverage.
2.2. Subband W2 
Four alternatives for W2 design were agreed in the last meeting.  A comparison of these options should take into account the decision of W1 grid structure.
Alt-1 is applicable irrespective of W1 design. It is the simplest from standardization perspective, and allows for a harmonized codebook design for 4Tx and 8Tx. Furthermore, it is possible to reuse part of the PUCCH sub-sampling design of 8Tx.
Alt-2 takes a subset of the W2 codebook of Alt-1. The only benefit compared to Alt-1 is slightly reduced W2 overhead, which comes at the expense of compromised codebook performance. Considering that the work item is all about performance enhancement and overhead reduction is not part of the WI description, we believe performance should be prioritized. 

Alt-3 and Alt-4 has the same overhead as Alt-1, but allows different DFT beams to be used for different polarization arrays of the same layer.  This structure is more warranted if W1 consists of at least of a set of distributed beams in which case different DFT beams are more likely to be seen on different polarizations.  This can be considered in Rel.12 if significant performance gain can be shown against Alt-1. 
Proposal:

· For W2, decide between Alt-1 and Alt-3/4, taking into account the performance gain and standardization complexity. 
· Alt-3/4 can be considered if sufficient performance gain is shown against Alt-1 and Rel.8 codebook.
3. Conclusions

In this contribution we provided our analysis of different codebook proposals to compare their pros / cons of standardization efforts and performance robustness. 
Proposal:

· For W1, decide between grid structures comprising either adjacent beams or distributed beams, taking into account the tradeoff between standardization effort and real-life performance robustness. 
· If the W1 grid is to consist of four adjacent DFT beams, consider using the same beam granularity (Q=32) and overlapping rate (Nb=2) of 8Tx codebook.

· If the W1 grid is to consist of four distributed DFT beams, consider uniformly distributing the DFT beams over the entire DFT subspace to provide sufficient angular spread coverage.

· For W2, decide between Alt-1 and Alt-3/4, taking into account the performance gain and standardization complexity. Alt-3/4 can be considered if sufficient performance gain is shown against Alt-1 and Rel.8 codebook.
· For rank-3/4, reuse the existing Rel.8 codebook, where wideband W1 is an identity matrix, and W2 (4-bit) uses Rel.8 precoders.
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