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1 Introduction

In RAN#68 meeting, the WID of elevation beamforming and FD-MIMO for LTE was approved with the following objectives [1]:

· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping

· Beamformed CSI-RS

· SRS capacity improvement

· Support for SRS transmission with 4TX antennas as a second priority

· Support of additional ports for DMRS targeting higher dimensional MU-MIMO

· The maximum number of DMRS ports that a UE may be able to receive is kept as 8

· 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

· Specify higher layer support of enhancements listed above [RAN2]

· Specify the necessary UE (if any) core requirements [RAN4]
In this contribution, we present our views on CSI measurement and feedback for supporting FD-MIMO. More specially, we discuss the possibility to use a unified feedback framework for different FD-MIMO schemes, and the necessary change on configuration of CSI process and CSI-RS resource to support FD-MIMO. 
2 Discussion
Two types of CSI-RSs are proposed for FD-MIMO, e.g. non-precoded and beamformed CSI-RS. CSI measurement can be different for both CSI-RS types. For non-precoded CSI-RS, all eNB antenna ports can be measured at each UE antenna and thus full CSI corresponding to three-dimensional MIMO channel can be reported by UE. For beamformed CSI-RS, however, UE can only measure the precoded channel corresponding to one or multiple CSI-RS resources which are precoded by pre-determined beamforming weights. The selection of CSI-RS resources for CSI reporting can be based on either long-term RSRP or short-term spectrum efficiency determined from the selected codebook. It is noted that different CSI-RS beam selection approaches only have minor impact on system throughput performance.  

For CSI feedback, it was understood that different mechanisms would be used for the non-precoded and beamforming CSI-RS. For non-precoded CSI-RS, LTE implicit CSI feedback framework will be extended so that UE may report one or multiple PMIs, such as h-PMI for horizontal dimension and v-PMI for vertical dimension for W1 and W2 if dual codebook structure is adopted for FD-MIMO. As for beamformed CSI-RS, in additional to CQI/PMI/RI feedback UE may need to report also BI (beam index) which is used to indicate the beam selection. 

If CSI reporting are separately refined for both non-preoced and beamformed CSI-RS, the specification efforts would be huge since all the relevant P-/A-CSI reporting modes and types need be extended to accommodate both BI and PMI feedback. Therefore, it is preferred to have a unified CSI feedback framework supporting both non-preocoded and beamforming CSI-RS. Generally, it is possible if the BI could be treated as one specific PMI feedback. For example, for beamformed CSI-RS scheme where UE is configured with a single CSI process with multiple NZP CSI-RS resource, if a single NZP CSI-RS resource is selected for CSI reporting, the reported BI index is equivalent to the wideband v-PMI feedback for the non-precoded CSI-RS based scheme. If multiple NZP CSI-RS resources are selected for subband beam index reporting, it is equivalent to have the subband v-PMI feedback for the non-precoded CSI-RS. In such case, it is possible to use the codebook based feedback to report subband beam selection. 
Proposal 1: A general framework for feedback design in support of both non-precoded and beamformed CSI-RS can be considered for FD-MIMO.
Secondly, for both non-precoded and beamformed CSI-RS the number of CSI-RS ports in one CSI process would be extended to more than 8 ports. There are two approaches that can be considered. In the first approach, one CSI process is defined to contain multiple NZP-CSI-RS resources each with up to 8 ports as in Rel-12. For the second approach, the definition of CSI-RS resource is extended to support more than 8 ports. This can be done by either defining a new CSI-RS pattern with more than 8 ports, e.g. 12 and 16 ports, or aggregating multiple Rel-12 NZP-CSI-RS resources to construct a Rel-13 NZP-CSI-RS resource. As in Rel-12 each CSI process is associated with a NZP-CSI-RS resource for channel measurement. The two approaches may serve the purpose equally well, but the specification impact is different, e.g. whether the CSI-RS resource and CSI process definition shall be changed to support more than 8 ports.
If one CSI process is defined to contain multiple NZP-CSI-RS resources or one NZP-CSI-RS resource is defined by aggregating multiple NZP-CSI-RS resources of less antenna ports, it may need to be clarified whether multiple NZP-CSI-RS resources can be independently configured in terms of antenna ports, subframeConfig, reference power
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 and qcl-CRS-Info. At least based on the current definition of CSI-RS resource, all antenna ports associated with a CSI-RS resource shall have the same configuration for subframeConfig, reference power
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 and qcl-CRS-Info. Therefore this rule shall be applied to the Rel-13 NZP-CSI-RS resource unless there is a good justification for the change. 
Another thing to consider is whether to restrict the number of NZP-CSI-RS resources or total number of antenna ports for a CSI process. Currently, one CSI process contains max. 8 CSI-RS ports for channel measurement. For FD-MIMO with non-precoded CSI-RS, the number of antenna ports per CSI process will be up to 16. The number of antenna ports per CSI process for beamformed CSI-RS based scheme could be much larger than 8. Although some approaches such as codebook subset restriction (CSR) can be used to reduce UE channel measurement complexity, it is still preferable to have a restriction on total number of antenna ports for a CSI process. Alternatively, UE capability signalling can be used to indicate supported maximum number of antenna ports.
Proposal 2: FFS on the following two approaches for configuring more than 8 CSI-RS ports for a CSI process:

· Approach 1: one CSI process is defined to contain multiple NZP-CSI-RS-ConfigId
· Approach 2: one NZP-CSI-RS resource is defined to contain multiple sets of {resourceConfig}
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Conclusion

In this contribution, we present our views on CSI measurement and feedback for supporting FD-MIMO. We have the following proposals:

Proposal 1: A general framework for feedback design in support of both non-precoded and beamformed CSI-RS can be considered for FD-MIMO.
Proposal 2: FFS on the following two approaches for configuring more than 8 CSI-RS ports for a CSI process:

· Approach 1: one CSI process is defined to contain multiple NZP-CSI-RS-ConfigId

· Approach 2: one NZP-CSI-RS resource is defined to contain multiple sets of {resourceConfig}
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