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1. Introduction

3GPP has studied performance and feasibility of EB/FD-MIMO. As one of objectives in [1], RAN1 shall study CSI reporting:

 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. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

In this contribution, we present our understanding of new CSI reporting types and reporting mode for both precoded and non-precoded CSI schemes. 
2. Discussion of CSI types and Reporting Modes
A new 3D codebook design is likely based on KP or close to KP codebook structure which will generally motive a new feedback mechanism. The design of 3D CSI quantization and feedback should take into account the difference between vertical and horizontal spatial information at least and the impact of TXRU virtualization.   

Firstly, required UE coverage at the vertical domain is roughly around +/-30 degree, compared to horizontal UE coverage at least +/- 60 degree. Therefore as a rule of thumb, the size of codebook could be roughly halved with respect to existing codebook size from channel quantization point of view.  Our analysis in [2] shows that even for the narrow beam formed by 8-element, we only need 4 beams (18 degree*4>>50 degree) to cover the entire vertical span. Moreover, due to large spatial correlation and smaller angular spread of EoD shown in vertical domain, the number of degrees of spatial freedom at the vertical dimension is usually smaller than the degree of freedom at the horizontal domain.  Consequently, we do not see strong motivation and benefit of defining very fine PMI granularity at vertical domain, e.g. greater than 8 vertical beams.   

Moreover coherence time of PMI for two spatial domains can be quite different. Since the vertical domain is more correlated to UE height whose vertical position will not move, the UE-specific downtilt angle or vertical precoder will not change frequently. Therefore the variation of PMIv can be much slower than the variation of PMIh [3]. A slow variation means that the network can update codebook semi-statically to probe all quantization possibilities. It is also feasible to reuse existing W1 and W2 structure to split long term and short term vertical information. Based on above analysis, we do believe that existing feedback and codebook design framework up to Rel 12 are sufficient, e.g. with W1W2.  
Some preliminary simulations in [2] using newly designed 3D codebook for a variety of AAS antenna array can harvest performance gain. In general, we do find that with up to 2 or 4 vertical beams (depending on the number of vertical ports) and slow PMIv updating (for example using W1) at the vertical domain, new 3D codebooks can perform well enough.  Of cause the design of new codebooks is still subject to further optimization for improvement. Therefore we do prefer reusing existing feedback mechanism and payload sizes as much as we could. 
Legacy codebooks are generally designed for both 1D cross-polarized and co-polarized antenna arrays. However 2D antenna array considered in this WI is only for cross-polarized antenna array with half-wavelength spacing at the horizontal domain. Therefore by down-sampling existing horizontal codebook design, especially for W1, we would vacate some rooms of feedback payload to accommodate 3D codebook.  In general existing periodic feedback mechanism should be quite sufficient to support new 3D codebook. 
· Proposal: It is highly preferred to reuse existing periodic CSI reporting mechanism for non-precoded EBF/FD MIMO schemes like PTI and existing payload sizes to mitigate standards and implementation changes.
For beamformed CSI-RS schemes, there are several opening questions as we discussed in [4]. Firstly, a new measurement mechanism may be needed for some beamformed CSI-RS schemes. Considering that beamformed CSI-RS schemes are designed for FD-MIMO and can be more future proof, RAN1 have discussed several solutions during the SI for such measurement. One of critical questions is to introduce a new measurement resource or definition for beamformed CSI-RS.  Secondly, a new feedback mechanism may be needed for some beamformed CSI-RS schemes subject to the discussion of new measurement mechanism. We do feel that there is a certain similarity between conventional CSI/PMI/RI reporting and new feedback mechanism. However it is very premature to conclude whether new CSI type or reporting mode is needed for beamformed CSI-RS schemes until RAN1 has finally agreed with what and how CSI should be measured for beamformed CSI-RS schemes. 
· Observation: It is premature to conclude whether new CSI type or reporting mode is needed for beamformed CSI-RS MIMO schemes until RAN1 agree with what and how CSI should be measured for beamformed CSI-RS schemes. 
3. Conclusions

In this contribution we discuss potential specification impact related to CSI reporting for EBF/FD MIMO. We have following observations and proposals: 

· Proposal: It is highly preferred to reuse existing periodic CSI reporting mechanism for non-precoded EBF/FD MIMO schemes like PTI and existing payload sizes to mitigate standards and implementation changes.

· Observation: It is premature to conclude whether new CSI type or reporting mode is needed for beamformed CSI-RS MIMO schemes until RAN1 agree with what and how CSI should be measured for beamformed CSI-RS schemes. 
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