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1 Introduction
In the RAN#68 plenary meeting, a work item on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE was approved [1]. One of the main objectives of the work item is to design a codebook for 2D antenna arrays with 8, 12 and 16 antenna ports. In this contribution, we provide our views on the design principles of the codebook.
2 Discussion
In accordance to the Rel-13 WID objectives, the codebook structure should be extended to support 2D codebook structure with 8, 12 and 16 antenna ports. The possible 2D antenna configurations that would require such enhancements are {8,1,2},{4,2,2},{2,4,2},{3,2,2}, {2,3,2} and {2,2,2}. It should be noted that some of the antenna configurations listed above may not be relevant for the Rel-13 enhancements. More specifically, as discussed in [2], the support of precoding for antenna configurations with non-power of 2 elements should mainly target the vertical dimension of the antenna array to achieve the desired vertical antenna gain. Therefore, the {2,3,2} antenna with even number of antenna elements in the vertical dimension may not be of high importance for Rel-13 specification. Furthermore, the existing Rel-10 codebook designed for 8 antenna ports seems to be sufficient to support precoding for the {8,1,2} antenna configuration.
Proposal:

· Focus on 2D codebook enhancement for the {4,2,2}, {2,4,2}, {3,2,2} and {2,2,2} antenna configurations.
The first design aspect of the 2D codebook design is the definition of the codebook structure. Since the most common antenna configuration evaluated in the Rel-13 FD-MIMO SID was closely spaced antenna array with dual polarization, the basic principle of the 2D codebook should follow the Rel-10 or Rel-12 design assumptions with extension to 2D antenna arrays. The 2D extension can be provided by considering the Kronecker product between the vertical and horizontal precoders. More specifically for W1, defining the set of candidate beams for beamforming, the following extension may be used [3] 
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 corresponds to the precoders for the candidate set of beams on each dimension.
The sets of the candidate beams 
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 for the horizontal and vertical dimension may correspond to closely (as in Rel-10) or widely spaced beams (as in Rel-12). Considering that each approach of the candidate beam set construction has some benefits, further discussion is needed on the preferred way of the candidate beam set definition for the codebook of 2D antenna arrays.  

Proposal:

· Discuss whether the set of candidate beams defined by vertical and horizontal beamforming should correspond to closely or widely spaced beams in both horizontal and vertical dimensions

Similar to the Rel-10 and Rel-12 designs, the vectors in 
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 should follow the DFT structure, i.e., the actual beamforming vector in the set can be defined as
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where N is the number of antenna elements in the corresponding dimension and x is beamforming oversampling factor defining the total number of beams in the codebook. Given that the total number of beams in the codebook is closely related with the codebook size and, therefore, the CSI calculation complexity at the UE, careful selection of the oversampling factor x for both beamforming dimensions is required. 
More specifically, for the beams corresponding to the horizontal domain as a starting point the same oversampling factor xH as in Rel-10 or Rel-12 should be considered to provide spatial resolution of the codebook. For the vertical domain, as discussed in [4], vertical beam oversampling (xV, e.g., 4) may be considered due to significant MU-MIMO performance benefits. On the other hand, the conclusion on the benefits due to vertical beam oversampling seems to be drawn based on SLNR precoding that is unlikely to be used in practical eNB implementations. Therefore, to avoid definition of unnecessary code vectors in the codebook, further justification on the vertical beam oversampling assumption is required.
Proposal:

· To avoid unnecessary increase of the codebook size and, therefore, the CSI calculation complexity, evaluate the benefits of vertical beam oversampling considering UE complexity and practical MU-MIMO precoding.

Similar to W1, the beam selection and co-phasing matrix represented by 
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 should follow the Rel-10 design principles with extension to 2D antenna arrays. More specifically, to support higher MIMO ranks with 2D antenna arrays, the transmission of additional MIMO layers using W2 should first exploit the polarization domain and then orthogonal beam directions. Compared to 1D antenna arrays, the orthogonal beams in 2D arrays may be provided by using horizontal and/or vertical dimensions. In principle, both dimensions can be used to obtain the set of orthogonal beams. On the other hand, given that the spatial selectivity of the channel in the vertical dimension is typically limited, higher SU-MIMO transmission ranks using orthogonal vertical beams may not be frequently used by the UE. In this case, possible constraints of the codebook w.r.t. to beam selection in the vertical domain may be used to reduce the codebook size and, therefore, the UE complexity without significant performance loss. 
 Proposal:

· Evaluate possible constraints of the W2 codebook by considering higher SU-MIMO rank transmission using the same vertical beam and orthogonal horizontal beams for multiplexing multiple MIMO layers
3 Summary

In this contribution we provided our preference on the design principles of the 2D codebook. Based on the discussion the following proposals were made:
· Focus on 2D codebook enhancement for the {4,2,2}, {2,4,2},{3,2,2} and {2,2,2} antenna configurations
· Consider W1, W2 codebook extensions to 2D using the Kronecker product of the horizontal and vertical precoders

· For W1 design:

· Discuss whether the set of candidate beams defined by vertical and horizontal beamforming should correspond to closely or widely spaced beams in both horizontal and vertical dimensions
· To avoid unnecessary increase of the codebook size and, therefore, the CSI calculation complexity, evaluate the benefits of vertical beam oversampling considering UE complexity and practical MU-MIMO precoding
· For W2 design:
· Evaluate possible constraints of the W2 codebook by considering higher SU-MIMO rank transmission using the same vertical beam and orthogonal horizontal beams for different MIMO layers
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