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1 Introduction
During the FD-MIMO SI [1], hybrid CSI-RS has been studied, and show great potential for supporting FD-MIMO with high data rate, especially for large number of TXRUs. 

This contribution proposes potential methods for hybrid CSI-RS based schemes. 
2 Hybrid CSI-RS schemes

Two hybrid CSI-RS based schemes have been studied in the SI:

·  (Scheme 1) non-precoded CSI-RS + beamformed CSI-RS; and

·  (Scheme 2) RI-RS + beamformed CSI-RS

Scheme 1 is mainly designed for FDD systems in which long-term channel reciprocity is not available. In one example operation, the UE derives W1 component (or long-term channel direction) out of the non-precoded CSI-RS, and W2 component (or beam-selection & co-phase), CQI, RI from the beamformed CSI-RS. The long-term channel direction essentially corresponds to KP of two oversampled DFT vectors respectively representing channel directions for azimuth and elevation channels. The non-precoded CSI-RS provided for this purpose could be either full-port CSI-RS, or partial-port CSI-RS. When only the channel direction is estimated with the non-precoded CSI-RS in the two (H/V) dimensions, H/V decomposed partial-port CSI-RS may be sufficient, in which case the non-precoded CSI-RS overhead is maintained small, even for supporting large number of TXRUs. For example, to support full digital (M,N,P) = (8,8,2) with 128 TXRUs, the total number of CSI-RS ports to provide for the channel direction can be limited to 8 + 8 = 16. As discussed in our companion contribution [2], this hybrid CSI-RS operation can be supported by one CSI process comprising both non-precoded and beamformed CSI-RS resources, and related specification efforts seem to be minor. 
Scheme 2 may be beneficial for TDD channel-reciprocity cases. In TDD systems, channel directions can be obtained through channel sounding, but RI may not be able to be reliably estimated at the eNB because the information on DL interference and UE receiver implementation is available only at the UE side. Hence, if RI-RS is supported, it may be beneficial for some TDD operations. However, since beamformed CSI-RS can also be used for measuring RI, it is not clear whether we need additional RI-RS for estimating RI in the TDD system. 

3 Conclusion

This contribution has examined hybrid CSI-RS based schemes and made the following observations.
 Observations: 

· For FDD operation, hybrid CSI-RS may comprise non-precoded CSI-RS and beamformed CSI-RS. When configured with hybrid CSI-RS, UE derives W1 components (long-term channel direction) with the non-precoded CSI-RS and W2 components and CQI/RI with the beamformed CSI-RS. 

· For TDD operation, hybrid CSI-RS may comprise RI-RS and beamformed CSI-RS. Further study seems to be necessary if beamformed CSI-RS is sufficient for RI estimation. 
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