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In RP-141831 [1], the following aspects are proposed to be studied in the EB/FD-MIMO SI. 
· Evaluate performance benefits of standard enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) using 3D-UMa and 3D-UMi channel models, taking into account the discussion and findings of the 3D channel model SI.
·  Performance evaluation for different numbers of TXRUs should be done with the following work plan. 
· Performance evaluation for 8 TXRUs starts at RAN1#79.
· Performance evaluation for {16, 32, 64} TXRUs starts at RAN1#80.
· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including
…
· Evaluate the need for enhancement of codebook and feedback mechanism for SU/MU-MIMO (including CQI definition, layer mapping, and precoder/rank indication).
…
In addition, in RAN1#80, the following is agreed on the number of CSI-RS ports:
· Potential CSI-RS enhancements related to the number of NZP CSI-RS ports for further evaluation (to be captured in the TR):
· For non-precoded CSI-RS, prioritize on antenna port number per CSI-RS resource of 16, 32, 64 for performance evaluations
· Note: It is not a prioritization of CSI feedback scheme and CSI feedback scheme of 2, 4, 8 CSI-RS ports can be considered 
· Increasing the maximum number of NZP CSI-RS ports (>8) for >8 TXRUs per CSI process
· Number of non-precoded CSI-RS ports per CSI-RS resource which is a multiple of 2, e.g. 10
· Note: one CSI-RS port may be mapped onto one or more than one TXRUs
· Note: Another constraint given by SID is the number of TXRUs equals to 8, 16, 32, 64
· Number of beamformed CSI-RS ports per CSI-RS resource can be flexible

This contribution presents Samsung’s view on codebook design to flexibly support various FD-MIMO antenna configurations targeting 2D antenna array operation. 
Codebook Parameters for 2D Antenna Array Operation
Most of the precoder codebook designs studied in this SI (e.g., [2][3]) for non-precoded CSI-RS transmissions assume that a UE knows  the necessary 2D logical-antenna (or TXRU) configuration parameters. This is also the case if we are to support scalable codebooks that can cope with various 2D antenna configurations. In one example representation of these scalable codebooks, a precoder W can be written as:

,



where  is a length-NV vector,  is a length-(NH/2) vector and  is a dual-pol co-phase, and NV and NH respectively are the numbers of antenna ports for the 1st and the 2nd dimensions. In some RAN1 contributions, NV has been referred to as number of vertical ports, and NH as number of horizontal ports. With double codebook structure employed, the precoder W can be further decomposed into:

,


where  and .

It seems that some knowledge of (MTXRU, N, P) is essential for UE and eNB to operate with the same understanding on the underlying per-dimension codebook structure of:
· 1st dimension codebook for NV = MTXRU antenna ports; and 
· 2nd dimension codebook for NH = NP antenna ports. 
Information regarding (MTXRU, N, P) may be individually configured by three parameters, or by two parameters of NV = MTXRU and NH = NP. These parameters may be configured in either CSI-RS configuration or CSI feedback configuration. In particular, if partial-port (H/V partition) CSI-RS is configured, it may make more sense to configure these parameters in the CSI-RS configuration. 








When  and  are oversampled DFT vectors, the corresponding component codebook may be characterized by the oversampling factors (), beam skipping numbers () and number of beams ()where the subscript d indicates dimension (V or H). With oversampling factor , the DFT precoder  of length Nd becomes: 

, md=0,…, Nd· od -1.
In addition, the first PMI of the first dimension i1,d, i1,d = 0, …, Nd· od/ sd -1, can indicate any of Ld beams indexed by:
md = sd ·i1,d, sd ·i1,d+1, …, sd ·i1,d+Ld-1.





In Rel-10 8-Tx codebook, the oversampling factor, the beam skipping number and the number of beams for  are fixed to be ,  and  respectively. 






To accommodate various antenna configurations and channel conditions (which become more relevant for FD-MIMO), some of these parameters (,, and/or ) can be made configurable. For instance, for the vertical dimension, it may be beneficial to make at least the oversampling factor for  configurable, as practical vertical antenna spacing values can be diverse, ranging from 0.5λ through 1.2λ for example. Wide vertical antenna spacing with the same M creates larger aperture, which in turn makes the beam resolution finer. With finer beam resolution, a larger oversampling factor and >1 beam skipping number may be beneficial to accurately capture the CSI required for improving MU-MIMO performance. On the contrary, with small vertical antenna spacing the beam resolution is coarse, in which case large oversampling may only increase feedback overhead without performance benefits. For small vertical antenna spacing, therefore, a small oversampling factor with beam skipping number 1 may be sufficient. In addition, it may also be beneficial to make the number of beams  configurable to give full flexibility to the eNB to cope with channel environments with various elevation angle spreads. 
Conclusion
This contribution has reviewed the following codebook parameters for 2D antenna array operation. It has been found that configuration of parameters (MTXRU, N, P) is essential for the 2D antenna operation. 
Furthermore, , at least some of the following parameters are identified to be useful to be made configurable for coping with various antenna configurations and channel environments:
· 

Oversampling factors (and ), 
· 

Beam skipping numbers (and ) and; 
· 

Number of beams (and).
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