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1 Introduction
In the RAN#71 meeting a Rel-14 work item on Enhancements on Full-Dimension MIMO for LTE was approved [1]. One of the objectives defined in the work item is to specify enhancements to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS. In this contribution we provide our views regarding CSI reporting enhancements to provide more efficient support of the hybrid Class A and Class B FD-MIMO schemes and hierarchical Class B FD-MIMO schemes.
2 Discussion
In Rel-13 two classes of FD-MIMO schemes were specified – Class A and Class B. The CSI feedback in Class A FD-MIMO is derived using the channel measurement from the non-precoded CSI-RS and the configurable dual-codebook designed to support various 1D / 2D antenna port layouts. The CSI feedback for Class B FD-MIMO is derived using the channel measurement from the beam formed CSI-RS. The conventional Rel-12 codebooks, supporting 1D antenna port layouts, or the new Rel-13 beam selection codebooks can be used to calculate CSI feedback information. 

Comparing to Class A, the CSI-RS transmission for FD-MIMO with single CSI-RS resource (K=1) should be assisted by some additional information from the UE. More specifically, for Class B FD-MIMO at most eight CSI-RS antenna ports can be configured, limiting the maximum number of beams that can be used for the beamformed CSI-RS transmission to four. To assist eNB in the selection of the candidate beams for CSI-RS transmission, the legacy Rel-12 procedures can be used. For example, the RSRP measurements derived on the beamformed CSI-RS antenna ports can be exploited to identify the preferred beam set that should be used by the eNB for CSI-RS transmission. Such RSRP measurements on CSI-RS can be realized using the existing Rel-12 DRS framework and, therefore, should be used for the comparison. 

Proposal 1: Consider the existing DRS-based CSI-RSRP measurements as a baseline for evaluating enhancements to hybrid FD-MIMO schemes
2.1 Hybrid Class A and Class B FD-MIMO schemes

One of the solution to enhance the existing scheme is to consider hybrid FD-MIMO operation with Class A and Class B FD-MIMO configured at the same time. In this schemes the beamformed CSI-RS Class B scheme is utilized in conjunction with non-precoded CSI-RS Class A scheme. In this case, beamforming applied by a serving eNB to generate beamformed CSI-RS can be derived based on CSI reporting from the UE based on Class A scheme. For example, Class A and Class B FD-MIMO may be configured for different CSI processes in TM10. The PMI report provided for CSI process with Class A CSI process can be used to identify the candidate beams for CSI-RS transmission. Due to reporting on the physical layer, the candidate beam information can be provided to the eNB more dynamically comparing to RSRP reports in the legacy systems. 
It should be noted, however, that the existing Class A CSI feedback framework is not sufficiently optimized to provide information about the preferred candidate beams. More specifically, the existing Class A codebook framework has limitation in indicating more than one candidate beam. Figure 1 illustrates the issue in more details, where the set of the possible Class A beams, grid of beams and channel clusters are shown. In Class A FD-MIMO, UE reports i1 index to provide wideband information about the selected grid of beams. The grid of beams supported by specification are fixed and in most of the cases does not match to the channel statistics. As can be seen from Figure 1, the existing PMI reporting framework of Class A FD-MIMO most likely provides information about single channel cluster (i.e. the beam). As can be also seen from Figure 1, the actual number of the candidate directions could be higher but not visible to the eNB if the existing Class A PMI reporting is used. 
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Figure 1: Illustration of beam selection for Class A FD-MIMO
Based on the discussion above we propose several enhancements to Class A CSI reporting when it is used together with Class B FD-MIMO. More specically best-M i1 reporting may be considered for specification to provide information about the set of the candidate beams. Since the actual set of beams and corresponding CQI information can be provided as part of Class B CSI reporting, the RI and CQI reporting can be disabled to reduce the signalling overhead. The Class A PMI reporting can be further limited to rank 1. Based on the discussion above the following proposal can be made:
Proposal 2: Study the following CSI reporting enhancements schemes:
· Best-M CSI reporting for i1 in Class A FD-MIMO
· Disabling CQI/RI reporting for Class A FD-MIMO
· Limiting PMI reporting for Class A CSI-RS to rank 1

2.2 Hierarchical Class B based FD-MIMO schemes

Another possible solution to enhance the existing scheme is to consider FD-MIMO operation with hierarchical Class B FD-MIMO operation. In this scheme the UE specific beamformed CSI-RS is utilized in conjunction with one additional cell-specific hierarchical CSI-RS. In this case, beamforming applied by a serving eNB to generate the UE specific beamformed CSI-RS can be derived based on CSI reporting derived from a cell specific hierarchical CSI-RS. For example, cell specific hierarchical CSI-RS and UE specific CSI-RS may be configured for different CSI processes in TM10. The PMI report provided for CSI process with cell specific hierarchical CSI-RS can be used to identify the candidate beams for the UE specific CSI-RS transmission.
Figure 2 illustrates one example how cell-specific hierarchical Class B CSI-RS works. The target cell coverage area is first split using four coarse beams. Those four coarse beams can be indicated using e.g. 8 CSI-RS ports {15, 16, 17, 18, 19, 20, 21, 22}. UE first measures those 8 CSI-RS ports to determine which its best coarse beam is, e.g. {15, 16}. Then each of the preferred coarse beam is split into four finer beams to cover the same area as the preferred coarse beam. For example the first coarse beam with CSI-RS port {15, 16} can be further split into four finer beams and indicated using another 8 CSI-RS ports {23, 24, 25, 26, 27, 28, 29, 30}. In this example, UE finds the second finer beam indicated by CSI-RS ports {25, 26} is the best finer beam. UE recommends the second finer beam back to the eNB. eNB can create beams further for UE specific Class B CSI-RS for UE to measure CSI.
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Figure 2: Illustration of beam selection for hierarchical Class B FD-MIMO
This depth of the hierarchical Class B CSI-RS can be extended from two to higher. Compared with Class A based codebook search, hierarchical Class B based search has much lower search complexity and feedback overhead and better spatial resolution extensibilities. UE can also recommend multiple finer beams along different routes from the top coarse beams to accommodate possible NLOS channel condition with multiple dominant channel clusters.
Proposal 3: Study the cell common hierarchical Class B based feedback schemes

· Multi-levels of Class B CSI-RS resources are configured to create one hierarchical Class B CSI-RS resource
· One beam in level x of the hierarchical Class B CSI-RS resource is related to multiple beams in level x+1 of the hierarchical CSI-RS resource
· For one “route” on the hierarchical Class B CSI-RS resource, UE feedback selected beam on each level
· UE may feedback multiple routes to recommend multiple finer beam directions
3 Conclusion

In this contribution we shared our views on the hybrid FD-MIMO operation. The proposals are recapped as:

 Proposal 1: Consider the existing DRS-based CSI-RSRP measurements as a baseline for evaluating enhancements to hybrid FD-MIMO schemes
Proposal 2: Study the following CSI reporting enhancements schemes:

· Best-M CSI reporting for i1 in Class A FD-MIMO

· Disabling CQI/RI reporting for Class A FD-MIMO

· Limiting PMI reporting for Class A CSI-RS to rank 1

Proposal 3: Study the cell common hierarchical Class B based feedback schemes

· Multi-levels of Class B CSI-RS resources are configured to create one hierarchical Class B CSI-RS resource

· One beam in level x of the hierarchical Class B CSI-RS resource is related to multiple beams in level x+1 of the hierarchical CSI-RS resource
· For one “route” on the hierarchical Class B CSI-RS resource, UE feedback selected beam on each level
· UE may feedback multiple routes to recommend multiple finer beam directions
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