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1. Introduction
In RAN#68, the WID [1] on EBF/FD-MIMO has been approved for specifying the identified enhancements captured in TR [2] of the study item.  The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNodeBs.  One of the objectives is to specify codebook enhancements: 
· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 

In RAN1#82, the precoder structure for new codebook [3] is agreed, In this contribution we further discussed 
2. Codebook generation and configuration
In RAN1#82, generation and configuration methods of codebook used for CSI feedback for non-precoded CSI-RS with 12,16 ports are discussed, four alternatives [3] are list below for discussion.
Alt-1: Configurable codebook based on codebook subset selection signaling
In this alternative, a master codebook is specified.  Then the eNodeB can configure multiple subsets of master codebook by different codebook subset selection signaling (CSS), which are used for PUCCH/PUSCH feedback respectively. A obvious advantage of this alternative is that specification does not need to consider detailed design of final codebook used for CSI feedback under various antenna configurations and scenarios, only a master codebook and flexible CSS signalings should be specified.
Compared to designing one or two fixed final codebook with smaller size, a master codebook design seems to be more simpler.  Since it is not directly used for CSI feedback, quantization efficiency (considering various antenna configurations, scenarios and feedback modes),which is the main issue of codebook design, will be considered when eNodeB configures codebook subset(s) for UEs.  Hence it will reduce the standardization effort requirement of codebook design. 
Master codebook design only needs to decide the model of codebook i.e. construction method of precoders.  With CSS, the CSI feedback overhead is controlled.  Therefore, designing a large master codebook does not increase CSI feedback overhead.  It would only increase the RRC signaling overhead which is not as limited as physical layer signaling.  Therefore, it is desirable to introduce more precoder models and codewords to the master codebook to cover various scenarios and antenna configurations.
If flexible signaling for codebook subset selection is supported, it will be easy to implement codebook subset restriction and fixed subsampling for different PUCCH CSI report types.  This does not generate high standardization effort as compared to other alternatives.

This alternative relies more on the network vendor to choose appropriate codebook subset to ensure good quantization and roubustness for the target scenario and antenna configuration.  With consideration on the tradeoff between feedback overhead and performance, it is expected to have better forward compatibility, better scalability and flexibility.   

The only small issue of a big master codebook is on the UE complexity to pick the codebook subset according to the CSS signaling.  The complexity increase is expected to be more when the CSS signaling is more flexible. 
Alt-2: parametrized codebook based on configurable parameters
Parameterized codebook uses the pre-defined precoder construction based on the configurable codebook generation parameters. These parameters include horizontal and vertical dimension N1 and N2, DFT oversampling factors Od , beam group spacing for control on W1 overlapping, number of beams in each beam group for control on W2 feedback overhead and beam spacing for control on matching with the channel correlation properties.  Based on these parameters, the UE is configured to generate the codebook with desired size.    
This alternative also has good flexibility compared to the fixed codebook approach. Different parameters can be set according to different antenna configurations and scenarios.  For example, tall and wide antennas configurations would have two different set of parameters N1 and N2.  Different beam spacing can be configured for different antenna spacings.  Different beam group spacing can be configured for different time/frequency selectivity of the channel.  Higher oversampling factors can be configured for better granularity on vertical/horizontal dimension to have more beams in each group.
This method may reduce the UE complexity in codebook selection.  However, if the number of parameters is large,  codebook construction will also be complicated especially when the parameters are different for different rank and feedback modes.  This would increase the standardization impact. 
Compared to Alt1, flexibility and quantization efficiency of Alt2 is expected to be lower.  It is hard for a parameterized codebook to efficiently choose particular set of horizontal/vertical beams for CSI measurement.  Also, codebook generation is usually considered to be uniform distributed.  It is hard to configure non-uniform codewords in a certain domain unless CSS is also introduced for parameterized codebook.  On the other hand, it is easier for UE to optimize the algorithm when the codeword is uniform or has a certain pattern. 
Alt3: specify at most two codebook for different 2D antenna configurations
For non-preocded CSI-RS (with Np =12,16 port) based CSI feedback, this alternative would consider standardization of just two fixed codebooks for two different 2D arrays e.g. Ma,Na,Pa=(Np/4,2,2), (2, Np/4,2).  Compared to Alt1 and Alt2, this method has lower impact on RRC signaling.  The UE follows the legacy approach which has less complexity.
This method seems to be simpler in terms of standardization.  However, it could be actually more complicated as each codebook needs to be carefully considered to support particular antenna configuration considering limited feedback overhead.  This usually takes long time to evaluate and come up with consensus after evaluation.  Also, the practical usage may not be exactly like the assumed antenna configuration. It may be hard to extend to other cases e.g. within different virtualization and hence application scenario would be limited.

In addition, fixed codebook is not flexible enough to adapt to different channel correlation properties e.g. time/frequency/spatial domains. It is also less flexible to adapt to different feedback overhead unlike Alt1 and 2.  Therefore, the quantization efficiency would be lower.

The standardization effort on subsampling would be high as each codebook needs different subsampling for different report type.  This requires large amount of evaluation and discussion.

Alt4: a single fixed codebook is specified in spec
This alternative only has one fixed codebook for each of 12 and 16 CSI-RS ports.  The drawbacks and limitation in Alt3 would apply to this alternative here. The flexibility is even lower in terms of adapting to different 2D antenna array.  Therefore, the quantization efficiency is the lowest among the 4 alternatives.    
According to the above analysis, Alt1 supports flexible codebook subset selection for various antenna configurations, scenarios and feedback modes.  The standardization effort is expected to be low.  Therefore, we prefer Alt1 and have the following proposal:
Proposal： Adopt Alt-1 for codebook generation and configuration
3. Conclusion
In this contribution，we discuss 4 alternatives of codebook generation and configuration.  Our proposal is to adopt Alt-1(configurable codebook based on codebook subset selection signaling)
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