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1. Introduction

In the legacy non-codebook based CSI reporting modes that is particularly used for TDD systems, CQI assuming transmit diversity has been reported. CQI assuming transmit diversity, however, could not be taken array gain used for PDSCH transmission into account; thus this CQI mismatch might cause performance degradation [1].  In the FD-MIMO system, this can be resolved to utilize beamformed CSI-RS where CSI-RS ports already reflect array gain. In this contribution, we discuss on CSI reporting for beamformed CSI-RS including possible extension of legacy non-codebook CSI reporting for beamformed CSI-RS. 
2. CSI Reporting for Beamformed CSI-RS
2.1. CSI feedback for beamformed CSI-RS in TDD systems
In Figure 1, we illustrate general operation flow of UE specific beamformed CSI-RS based scheme in TDD systems where channel reciprocity based on sounding reference signal (SRS) is used for MIMO operation.
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Figure 1. Operation flow of utilization of UE specific beamformed CSI-RS
In the step for beamformed CSI-RS transmission, without loss of generality, 2N-ports beamformed CSI-RS can be configured where N different beam directions per polarization antennas are used to utilize 2N-ports [2]. Once beamformed CSI-RS is transmitted, corresponding CSI is reported and the CSI in this step might include beam selection, co-phase, and CQI assuming selected port pair and co-phase. In the CSI reporting, if we assume the UE reports CSI such as beam selection or co-phase regardless of how to report, this seems to be a form of PMI feedback and the CSI reporting is available relying on codebook based CSI reporting with relevant codebook design [3], [4]. 
Observation 1: Codebook based CSI reporting for beamformed CSI-RS might be used to support CSI reporting for beamformed CSI-RS.

2.2. Non-codebook based CSI Reporting for beamformed CSI-RS
Allowing codebook based CSI reporting for beamformed CSI-RS, non-codebook based CSI reporting can be a still possible option for CSI reporting in TDD systems. In TDD systems, UE specific beamforming can be acquired based on channel reciprocity and it means that additional CSI reporting regarding precoding from UE might not be necessary at eNB. For instance, CSI feedback only with RI and CQI feedback only can be considered [5]. 
Compared to the legacy non-codebook based CSI reporting where only CQI assuming transmit diversity and RI=1 is reported, to support RI and CQI feedback with 2N-ports beamformed CSI-RS, the support of RI feedback should be considered. It is noted that CQI definition in the current specification says that CQI is calculated assuming the use of the reported PMI where the PMI is calculated conditioned on the reported RI. If CSI reporting for RI and CQI feedback for beamformed CSI-RS is introduced in Rel.13, it is not clear how to handle the reported PMI that will not be reported. Note that RI reporting with PMI-less CSI reporting modes, e.g., 1-0, 2-0, is applicable only for TM3 in the current specification. Possible alternatives to resolve the ambiguity are to redefine CQI definition considering no PMI reporting case or to rely on codebook based CSI reporting aforementioned in the previous section.
Observation 2: For non-codebook CSI reporting to report RI and CQI feedback for beamformed CSI-RS, a CQI definition without PMI feedback might be revisited.
3. Discussion and Conclusion

This contribution has discussed CSI reporting schemes for beamformed CSI-RS, and made following observations.
Observation 1: Codebook based CSI reporting for beamformed CSI-RS might be used to support CSI reporting for beamformed CSI-RS.
Observation 2: For non-codebook CSI reporting to report RI and CQI feedback for beamformed CSI-RS, a CQI definition without PMI feedback might be revisited.
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