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1. Introduction
In RAN1#80, potential enhancements targeting elevation beamforming and full-dimension MIMO were discussed. High-level categories for potential CSI-RS and feedback enhancements were agreed in principle [1]. These high-level categories are given in the following:
· Potential CSI-RS and feedback enhancements
· Enhancements related to beamformed CSI-RS-based schemes
· Enhancements related to non-precoded CSI-RS-based schemes
· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS
· Enhancements related to non-codebook based CSI reporting for TDD
· Enhancements related to SRS
For the 2D planar array, CSI for both vertical domain and the horizontal domain is required. In our companion contribution [2], joint and separate feedback approaches for vertical and horizontal CSI are investigated. Without noticeable performance degradation, separate feedback has the advantage of lower feedback overhead, less computational burden and easy to be standardized. In this contribution, standard enhancement to separate feedback is further discussed.
2. Enhancement to separate CSI feedback
Following implicit feedback framework since Rel-8, CSI includes RI, PMI, and CQI. PMI is an index to a precoding matrix in a predefined codebook. UE reports PMI to eNodeB indicating a recommendation of precoding matrix that best matches channel from eNodeB to UE. RI, the number of the column of precoding matrix, is the number of independent data streams that could be supported by the channel. CQI represents transmission capability of the channel assuming that the recommended precoding matrix is used.
For 2D planar antenna array, a precoding matrix shall match the overall channel from the overall antenna array to UE antenna. By separate feedback, the overall precoder could be decomposed into the Kronecker product of two matrixes:
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Where WV is the precoder for vertical dimension, WH is the precoder for horizontal dimension. A precoder for one dimension means that the precoder could match the channel from one column or one row of the antenna array to UE. If the antenna array consists of only one column (row), then WV (WH ) could be used as the precoding matrix. The rank r = rH × rV, where rH is the column number of WH and rV is the column number of WV. 
For separate CSI feedback, precoders for the vertical domain and horizontal domain are feedback individually. Then the composite precoder of the full-dimension channel, which is needed by eNodeB, is acquired by combining the vertical and the horizontal precoder feedback. 
The rank of the composite precoder is the product of the rank of the vertical precoder and horizontal precoder. Free selection of rank of both vertical and horizontal precoders may lead to a very complex design of codebook. As a solution, rank of one precoder could be fixed and the other one is allowed to be selected freely. Since the angular spread in vertical domain is small and the channel from uniform linear array in vertical domain tends to be spatially correlated, the rank for vertical precoder is likely to be low. This can be confirmed by the condition number distribution of the channel covariance matrix. In Figure 1, the channel condition number is calculated separately for the vertical and horizontal dimension. According to the simulation result, the condition number of vertical dimension channel (denoted by 3D-UMa (UMi) V) is relatively larger than that of horizontal dimension both in UMa and UMi scenarios. This means the vertical channel is highly spatially correlated. Based on the results, it seems reasonable to limit the rank for vertical precoder to 1. In this case, RI feedback for vertical precoder is not needed and the rank for the overall precoder equals rH. If further study shows that limiting rank of vertical precoder results in significant performance degradation, vertical precoder with rank greater than 1 shall be considered.
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Figure 1: Empirical CDF of condition number of the channel covariance matrix
CQI associated with vertical precoder alone could not give an appropriate measure on the transmission capability from the whole antenna array to UE. Furthermore, it is difficult for eNodeB to reconstruct composite CQI from independent vertical and horizontal CQI. Therefore, CQI associated with vertical precoder seems not necessary. In the same way, CQI associated with horizontal precoder also seems not necessary. A CQI is accurate and useful only when it is calculated and reported assuming the composite precoder is used. 
Based on above analysis, feeding back a PMI with rank = 1 for vertical dimension together with horizontal PMI and overall RI, CQI seems to be sufficient. According to results presented in [2], PMI for vertical dimension could be fed back with a larger periodicity and coarser frequency granularity than the horizontal PMI. 
Proposal: For separate feedback, PMIV and PMIH   for vertical and horizontal dimension is feedback separately; RI and CQI for overall dimension is fed back.
· If further study shows that limiting rank of vertical precoder results in significant performance degradation, vertical precoder with rank greater than 1 shall be considered.
3. Possible realizations
The proposed feedback discussed above could be implemented in a number of different ways and aligned with different feedback schemes discussed in the last meeting (e.g. beamformed CSI-RS and non-beamformed CSI-RS). Several possible realizations are discussed in following sections.
3.1. Beamformed CSI-RS-based scheme
For the beamformed CSI-RS based scheme, multiple vertical sectors with shared CELL ID are configured in a cell. Each sector is configured with a CSI-RS resource of N ports, where N TXRUs comprise a row of 2D TXRU array. The CSI-RS resource is beamformed by a weight vector among M antennas per column per polarization.
UE measures the RSRP of each beamformed CSI-RS resource. The one with the highest RSRP is selected as the best CSI-RS resource. Then the best CSI-RS resource index could be fed back to eNodeB and regarded as PMIV. 
UE measures the N ports of the CSI-RS resource indexed by PMIV or CSI-RS resource indicated by eNodeB. Since the vertical beamforming is transparent to the UE, PMIH/RI/CQI are calculated in the same way as in legacy system. As CSI-RS has already been beamformed vertical dimension, CQI and RI measured from the CSI-RS reflects the capability of the overall dimension.  
The composite precoder is then constructed from Kronecker product of the weight vector corresponding to the selected CSI-RS resource and the codeword indexed by PMIH. RI and CQI measured from the best CSI-RS resource could be used as the composite RI and CQI respectively.
3.2. Non-precoded CSI-RS-based scheme
For the full port CSI-RS configuration, there is one to one mapping between Q CSI-RS port to Q TXRU. The full DL MIMO channel could be obtained with the Q-port CSI-RS resource. 
UE measures the Q ports of the CSI-RS resource. PMIV, PMIH, RI, and CQI could be calculated from the measured channel. Upon receiving the reported CSI, the composite precoder is the Kronecker product of the vertical and the horizontal codeword indexed by the corresponding PMI. 
4. Conclusion
In this contribution, standard enhancement to separate feedback scheme is studied for FD-MIMO. This feedback enhancement proposal is shown to be consistent with feedback categories discussed in RAN1#80. Therefore, the following feedback enhancement scheme should be considered in RAN1.
Proposal:  
· For separate feedback, PMIV and PMIH   for vertical and horizontal dimension is feedback separately; RI and CQI for overall dimension is fed back.
· If further study shows that limiting rank of vertical precoder results in significant performance degradation, vertical precoder with rank greater than 1 shall be considered.
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