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1. Introduction

In [1], it was agreed to study the performance benefits of standards enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) with 8 or more transceiver units (TXRUs) per transmission point, where a TXRU has its own independent amplitude and phase control. The study item consists of two phases: phase 1 for baseline performance evaluation and phase 2 for enhancement study.
This contribution provides some preliminary observations on the CSI-RS enhancements requirement and some high-level proposals of feedback based on our 3D MIMO study [2][3]. 
2. CSI-RS Enhancement 
For vertical beam steering, a single vertical antenna port 
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 antenna elements located in the same vertical column. As with any antenna port, the radio resources used for transmission of the reference signals of different vertical ports would need to be orthogonal to each other. The orthogonality can be guaranteed by frequency/time domain orthogonal radio resource allocation, use of orthogonal sequences, and/or additional orthogonal cover codes. 

There are two alternative approaches to implement the vertical antenna ports for 3D-MIMO: 
Alt. 1) Reuse the current horizontal port definitions and configurations. For a R11 or higher version LTE system, this can be implemented by enabling multiple CSI-RS configurations originally designed for CoMP UEs’ cross-cell CSI measurements. The major benefit of such a solution is that it can avoid new CSI-RS pattern definitions. The vertical CSI-RS ports would be configured by higher layer signalling via multiple CSI process configurations. The disadvantage of such a reuse scheme is that the number of vertical CSI-RS ports would be limited by the maximum number of parallel CSI processes, although simulations and analysis have found that 3 vertical beams could be sufficient for exploiting the vertical dimension of the spatial domain. 
Proposal 1: RAN1 may consider the option of reusing the current horizontal CSI-RS ports definitions and configurations, and configure multiple CSI processes for a 3D-MIMO user.

Alt. 2) Define new CSI-RS ports. Those new ports may be needed for the measurement of high order 3D-MIMO if the performance gain with high order 3D-MIMO operation can justify the implementation cost and signalling/RS overhead sufficiently. The objectives in [1] consider CSI enhancement with up to 64 CSI-RS ports. However, large numbers of CSI-RS ports leads to higher reference signal transmission overhead. Furthermore, the single user MIMO gain generally diminishes with an increasing number of CSI-RS ports because the number of UE antennas limits the spatial-domain degrees of freedom. In order to guarantee the satisfactory MIMO gain within the framework of LTE/LTE-A, multi-user MIMO scheme should be considered and enhanced so that the CSI provided by the new ports can be fully exploited. 
Proposal 2: RAN1 may consider increasing the number of CSI-RS ports to 16 or more for supporting 3D-MIMO. However, the increase in complexity and overhead would have to be justified by the performance gains. 
3. CSI Feedback Enhancement 
The CSI feedback (PMI, RI and CQI) needs to be reviewed depending on the requirements of each specific EB/3D-MIMO solution, the number of new CSI-RS ports and potential MU-MIMO enhancements. 
New codebook design may be needed depending on how the 3D-MIMO precoding scheme is designed. Similar to the Rel-12 WI on MIMO enhancement, the channel characteristics and antenna architecture of AAS should be carefully taken into account. The nested property of codebooks for different ranks may be considered for better scalability. It should be also evaluated whether constant modulus codebook is preferred or not. The dimension of the codebook should be limited. New quantization methods for reducing the overhead and codebook size may be considered.  
If a new codebook design is needed, we propose to focus more on enhancing the vertical codebook with regard to the different characteristics of the vertical domain compared with the horizontal domain as noticed in the previous channel measurement and modelling campaign [2]. For example, a new DFT based codebook may be a good candidate for the much smaller angular spread and vertical coverage of the vertical domain signals. 
In order to avoid excessive workload on new codebook design and evaluation, we propose to consider 3D codebook design based on the principle of Kronecker product as a starting point, i.e., select the horizontal and vertical codebook designs independently, and then take the Kronecker product of them as the 3D codebook. Such an approach has already been intuitively adopted in the 3D MIMO channel measurement and modelling phase for measuring and modelling the 3D MIMO channel parameters using separate horizontal and vertical parameters. The key benefit of such a principle is that it would bring scalability and backward compatibility to the relevant 3D-MIMO solution design. It would enable a 3D codebook to be designed based on the existing 8TX codebook framework, with only some incremental enhancement. It would also enable the convenient extension of the existing 8TX codebook to more TXs, e.g., 16TX/32TX/64TX for planar antenna arrays. Furthermore, it would enable enhancement of the RI and CQI feedback based on the existing RI and CQI feedback framework.
Proposal 3: Horizontal and vertical codebook should be considered independently, at least as a starting point. RAN1 can reuse existing codebooks for the horizontal domain and focus on optimizing the vertical codebook design.

Particularly, 3D MIMO CQI design is important for achieving the promised performance gain in a practical system. The CQI definition may need to be expanded to accommodate the needs of AAS configuration and 3D MU-MIMO. It has been noted in [2] that 3D CQI measurements can be significantly simplified if the 3D codebook is designed based on Kronecker product principle. 
Proposal 4: RAN1 may consider expanding the CQI reporting mechanism for accommodating EB/3D MIMO schemes based on the Kronecker product principle.
With an increasing number of PMI/CQI/RI bits, the current uplink feedback design needs to be checked. It is generally believed that the current uplink CSI feedback resource is sufficient for supporting the feedback of 16 CSI-RS ports. However, the necessity of PUCCH, UCI and PUSCH enhancement would need detailed analysis and evaluation, depending on the EB/3D-MIMO scheme, if the number of CSI-RS ports were to be increased to 16 or more.
Proposal 5: The uplink feedback resource requirement needs to be verified for specific EB/3D MIMO scheme proposals.    
4.  Conclusion
In this paper, we analyzed the possible enhancement requirement for CSI-RS and CSI feedback based on our preliminary observations from the 3D MIMO study. Our proposals can be summarized as below:
Proposal 1: RAN1 may consider the option of reusing the current horizontal CSI-RS ports definitions and configurations, and configure multiple CSI processes for a 3D-MIMO user.

Proposal 2: RAN1 may consider increasing the number of CSI-RS ports to 16 or more for supporting 3D-MIMO. However, the increase in complexity and overhead would have to be justified by the performance gains. 
Proposal 3: Horizontal and vertical codebook should be considered independently, at least as a starting point. RAN1 can reuse existing codebooks for the horizontal domain and focus on optimizing the vertical codebook design.

Proposal 4: RAN1 may consider expanding the CQI reporting mechanism for accommodating EB/3D MIMO schemes based on the Kronecker product principle.
Proposal 5: The uplink feedback resource requirement needs to be verified for specific EB/3D MIMO scheme proposals.    
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