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1 Introduction
The work item on enhancements on full-dimension (eFD) MIMO was approved in the 3GPP RAN#71 meeting [1]. It was agreed to extend specification support for CSI reporting in the following aspect:
· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D

For non-precoded (NP) CSI-RS-based schemes, large performance gain can be obtained from FD-MIMO if the number of antenna ports (or TXRUs) is increased. Nevertheless, CSI feedback complexity and overhead are still the major issue when the number of antenna ports (or TXRUs) extends up to 32. This contribution attempts to provide a few high-level design principles to flexibly support various eFD-MIMO antenna configurations with large antenna ports targeting 2D antenna array operation.
2 Discussion
The well-known dual-stage precoder structure based on factorized designs can be as:
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 is a block diagonal DFT-based precoder targeting long-term channel characteristics such as beam directions, while 
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 follows short-term channel properties such as beam selection and co-phasing issues between two polarizations. This model is easy to stack number of antenna ports. Before Rel-12 codebook design, the number of antenna port is stacking up in a dimension, while it is increasing in two dimensions via introducing the Kronecker product (KP) operation to
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 since Rel-13. Furthermore, a few configurable antenna configurations in Rel-13 are revealed for 8, 12, and 16 port numbers respectively. It is believed that multivariate antenna configurations, including possible combinations of subset port layout, would be achieved in the future codebook design as antenna port increases. However inherent issues of CSI feedback complexity and overhead remain to be the most challenging. In the following aspects, some design principles are provided to against those subjects.
Limited codebook size
Configurable (or parameterized) codebook design approach aiming to provide flexibility and scalability is adopted in Rel-13. Following the configurable property which is decided by several parameters, it is believed increasing the CSI quantization accuracy brings in significant gain. On the other hand, when codebook size becomes too big, feedback overhead and UE search/calculation complexity would increase significantly. For example, the total possible PMI search space (or codewords) in the Rel-12 codebook with rank 1 or rank 2 are 256, whereas total search space would enlarge to 2048 at most for 16 antenna ports in the Rel-13 rank 1 or rank 2 codebook with a certain codebook configuration. In view of this, RAN1 had better control the codebook size within an acceptable region in accordance with reasonable UE implementation.
Proposal 1: Following Rel-13 parameterized codebook design principle
, the codebook size should be configurable with different antenna configurations for different number of ports.
Improve codebook accuracy
In Rel-13 design, two parameters, antenna configuration and oversampling rate, determines the codebook size. The accuracy of a DTF-based codebook to reflect actual channel conditions lies not only in two-dimensional antenna configurations, but also in the relation between spatial oversampling factor and antenna space per dimension. For instance, as the antenna aperture increases due to larger number of antennas, the beam becomes narrower. For the proper antenna spacing value, the oversampling factor which decides beam resolution plays the key role.  However, higher oversampling factor results in larger codebook, thus solutions should be considered to reduce the UE complexity. Therefore antenna configuration and oversampling rate should be carefully studied as well for newly defined antenna ports especially under the consideration of UE complexity.
Proposal 2: To avoid unnecessary increase of the codebook size and the CSI calculation complexity, investigate antenna configuration and oversampling rate considering the trade-off between spatial resolution and UE complexity.

Restrict codebook search space
From the above point of view, to avoid unnecessary increase of the codebook size and the CSI calculation complexity, eNodeB may trigger UEs to search in determined search patterns by codebook subset restriction (CSR). The way of the existing CSR is indicated by a bitmap with fixed length. However, as the codebook size grows with increased antenna numbers, heavy overhead of this approach may incur. Hence, a pre-defined restriction procedure may be required and this procedure needs to be known to eNodeB and UE in advance. From this perspective, it is suggested to investigate a novel restriction mechanism of some potential codewords, which may be appended optionally for newly defined number of ports.
Proposal 3: For non-precoded CSI-RS cases, to reduce UE complexity, evaluate possible new beam subset restriction or codebook subset restriction mechanism, which may be appended optionally into newly defined number of ports.
3 Conclusions

In this contribution, we give some design principles for eFD-MIMO codebook considering future extendibility with even more antenna port layouts. According to above discussions, we have the following proposals which should be the designed concept.
Proposal 1: Following Rel-13 parameterized codebook design principle
, the codebook size should be configurable with different antenna configurations for different number of ports. 
Proposal 2: To avoid unnecessary increase of the codebook size and the CSI calculation complexity, investigate antenna configuration and oversampling rate considering the trade-off between spatial resolution and UE complexity.
Proposal 3: For non-precoded CSI-RS cases, to reduce UE complexity, evaluate possible new beam subset restriction or codebook subset restriction mechanism, which may be appended optionally into newly defined number of ports.
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