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1 Introduction
In SI [1], we can consider two different types of TXRU virtualization model: sub-array partitioning and full connected type. Both types are enabling horizontal and vertical beamforming with different methods of operation. With subarray partitioning, TXRUs are placed in 2-dimension active antenna panel. In this case, in order for eNB to precode a 3D beam to a target UE, CSI for each sub-array is necessary. On the other hand, with full-connection architecture, vertically beamformed CSI-RS can be used for creating multiple virtual vertical sectors. For UE-specific virtual sector selection, eNB may be able to take advantage of multiple CSI-RS processes and legacy 1D CSI feedback.  Considering beamforming flexibility in both horizontal and vertical domain for achieving full benefit of FD-MIMO, this contribution focuses on 2D CSI feedback for sub-array partitioning virtualization model. In addition, feedback enhancement options to enable the 2D channel feedback with CSI-RS processes are discussed.

2 CSI-process enhancements
For facilitating 3D beamforming and FD-MIMO, UE feedback needs to be enhanced with considering two aspects: 
· 2D antenna structure (horizontal or vertical) at the eNB; and 
· CSI feedback for more than 8 antenna ports. 
In Figure 1, CSI port to antenna array mapping is illustrated for legacy system and FD-MIMO system with subarray-partition. For simplicity of presentation, element to port mapping (virtualization) is omitted in Figure 1.
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Figure 1. CSI port to array mapping (left: legacy system, right: FD-MIMO system)
In the legacy system, antenna ports are assumed to be mapped onto antennas placed in the horizontal dimension. In FD-MIMO systems, as shown on the right side of Figure 1, vertical and horizontal dimension may need to be considered for precoding at the eNB, and the dimension information may need to be implicitly or explicitly configured to UE. For example, CSI-RS configurations and/or multiple CSI-RS process configuration may be used for configuring the dimension information. 
Depending upon CSI reporting design, RI, PMI, CQI may be jointly or separately reported for the vertical and the horizontal dimensions. In case CSI process feedback concept is reused, possible enhancement options can be summarized in the following sections. 
2.1 Option 1: One CSI process feedback

A feedback enhancement scheme for FD-MIMO can be designed based upon one CSI process feedback. Depending on PMI enhancement for 2D antenna array, two different sub-options can be considered.

· Option 1-1: joint RI, separate PMI (h-PMI and v-PMI) and joint CQI; and 
· Option 1-2: joint feedback scheme for all CSI information (RI, PMI and CQI). 
For Option 1-1 with separate PMI, if minimal spec change is desired, legacy PMI codebook may be reused for up to 8 ports per dimension. However, it is yet to be discovered if a new codebook design could bring us more performance benefits for the v-PMI. The joint RI and joint CQI in this case correspond to rank and CQI derived with the composite precoder reconstructed with h-PMI and v-PMI. In one example, the composite precoder is Kronecker product of the two precoders corresponding to h-PMI and v-PMI. 

On the other hand, for Option 1-2, the joint PMI may correspond to more than 8-Tx codebook, or a composite PMI constructed with subsampling of h-PMI and v-PMI. 

With Option 1, new feedback mode or format may be needed for reporting two separate PMI or joint PMI on PUCCH and PUSCH. 

In the following, detailed features of Option 1-1 and Option 1-2 are explained.
Option 1: One CSI process 

· Option 1-1: Joint RI, separate PMI and joint CQI feedback
· Joint RI: overall RI from 2D measurement

· Separate PMI: one for horizontal and the other for vertical and overall PMI can be Kronecker product of two separate PMI 
· Joint CQI: CQI when joint RI and Kronecker product of two separate PMI is applied

· Option 1-2: Joint RI, joint PMI, and joint CQI feedback

· Joint RI: overall RI from 2D measurement

· Joint PMI: one for 2 dimension antenna configuration
· Joint CQI: CQI when joint RI and joint PMI is applied

2.2 Option 2: two CSI processes feedback

A feedback enhancement scheme can be designed using two CSI processes: one (CSI process 1) for horizontal and the other (CSI process 2) for vertical dimension of 2D antenna array. With two CSI processes, there is no need to have a new feedback type and UE can reuse the Rel.12 feedback type. 
In one example, joint CQI is reported on both CSI processes, where joint CQI is generated with the Kronecker product of most recently reported precoders corresponding to the two PMIs on the two processes. Those two CSI processes are inter-dependent in this case, and hence dropping and losing feedback information should be considered carefully.
Option 2: Using two CSI processes
· First CSI process 
· RI: RI for horizontal dimension
· PMI: PMI for horizontal dimension
· Joint CQI: CQI when a joint RI constructed with H-RI and V-RI and Kronecker product of two precoders corresponding to most-recently reported H-PMI and V-PMI
· Second CSI process

· RI: RI for vertical dimension
· PMI: PMI for vertical dimension
· Joint CQI: CQI when a joint RI constructed with H-RI and V-RI and Kronecker product of two precoders corresponding to most-recently reported H-PMI and V-PMI
2.3 Option 3: More than 2 CSI processes feedback

This option is another enhancement scheme using more than two CSI processes. For example, let’s assume 2 ports and 4 ports are placed in vertical and horizontal, respectively. Then, first and second CSI process can be configured to measure 1st row and second row of 2D antenna array, respectively. In addition, the third CSI process can be used to feedback connection information between two CSI-processes. With option 3, it needs some additional feedback CSI overhead depending on 2D antenna configuration. 
In addition, it may have feedback limitation when CoMP is applied to the target UE. Similar to option 2, option 3 also imposes some dependency between information of CSI processes and CQIs, each carrying partial information of channel measurement which may not be needed for the 1st and the 2nd CSI process. It is noted that RI in 3rd CSI process may be needed to feedback joint or vertical rank information depending on design and connection information in 3rd CSI process need further study.
Option 3: Two CSI processes with one joint CSI process

· First CSI process

· RI: RI for 1st row in horizontal dimension
· PMI: PMI for 1st row in horizontal dimension
· (CQI): CQI when reported RI and PMI is applied

· Second CSI process

· RI: RI for 2nd row in horizontal dimension
· PMI: PMI for  2nd row in horizontal dimension
·  (CQI): CQI when reported RI and PMI is applied

· Third CSI process

· (RI): Joint RI

· Connection information between first and second PMI
· Joint CQI: CQI when reported RIs, PMIs and connection information are applied
3 Conclusion

To enhance CSI reporting for supporting elevation beamforming and FD-MIMO with 2D antenna array, we propose the following options for future evaluation in this SI. In addition, system performance as well as feedback overhead should take into account for designing CSI enhancement for EBF and FD-MIMO study.
· Option 1: One CSI process feedback (Joint RI, CQI, separate/joint PMI)

· Option 2: Two CSI processes feedback (one CSI process for horizontal, the other CSI process for vertical)
· Option 3:  More than two CSI processes (two individual CSI processes in conjunction with one joint CSI process)
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