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1 Introduction  
At RAN1#80b meeting, the potential enhancements on hybrid beamformed CSI-RS and non-precoded CSI-RS is captured in the TR [1], and this category comprises schemes where beamformed CSI-RS is utilized in conjunction with non-precoded CSI-RS which is transmitted at a lower rate than its companion beamformed CSI-RS. In this case, precoding applied by a serving eNB to generate beamformed CSI-RS can be derived based on CSI reporting from a UE. CSI reporting is performed in two stages. In the first stage, the UE measures non-precoded CSI-RS and reports CSI to the serving eNB. In the second stage, the UE measures beamformed CSI-RS (configured by the serving eNB based on the first-stage report) and reports CSI to the serving eNB. 
Several examples of UE procedures for supporting this category can be described as follows.

· Scheme 1: A UE reports CSI measured on non-precoded CSI-RS. In response to this first-stage CSI reporting, a UE is configured with a beamformed CSI-RS resource. Then CSI reporting procedures associated with beamformed CSI-RS follow.

· Scheme 2: A UE reports RI measured on non-precoded CSI-RS. In response to the reported RI, a UE is configured with a beamformed CSI-RS resource. For this operation, an additional CSI measurement which is conditioned on the availability of DL-UL channel reciprocity is needed at the serving eNB. Then CSI reporting procedures associated with beamformed CSI-RS follow.
In this contribution, we focus on the discussion and present our views on scheme 1.
2 Discussion on CSI-RS enhancement for EBF/FD-MIMO 
2D antenna array with larger number of TxRUs is introduced for FD-MIMO. In contrast to the conventional antenna system, 2D antenna array allows more flexibility in vertical domain in addition to the horizontal domain freedom.  In order to fully utilize the benefit of FD-MIMO, the CSI measurement procedure is crucial and need to be carefully investigated. 
Given that TxRU numbers is excessively increased, the CSI-RS overhead should be taken into account to the CSI-RS design. On the other hand, the standard impact of codebook design should also be considered.
When the TxRU number is larger than 16, the performance gain brought by the FD-MIMO will diminish as the CSI-RS overhead consumes significant resources if we adopt non-precoded CSI-RS scheme. In this case, CSI-RS overhead reduction should have high priority for the CSI-RS enhancement. 
Beamformed CSI-RS scheme is mapping one CSI-RS port to multiple TxRUs with a precoding vector. Therefore it can effectively save the CSI-RS overhead comparing with non-precoded CSI-RS-based scheme. However, the precoding information should be obtained by the eNB prior to generating the beamformed CSI-RS. In the scenarios that the eNB cannot get the precoding information through reciprocity, it should rely on the UE to measure and feedback the precoding information. Namely, the non-precoded CSI-RSs which correspond to a group number of TxRUs to form one beamformed CSI-RS should be transmitted for the UE to measure and feedback the precoding information prior to the transmission of the beamformed CSI-RS. 
That is to say, beamformed CSI-RS scheme and non-precoded CSI-RS scheme should work jointly. The UE feedbacks the assisted precoding information for the beamformed CSI-RS scheme by measuring the non-precoded CSI-RS. The concrete hybrid beamformed CSI-RS and non-precoded CSI-RS scheme is given in Figure1.
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Figure 1. Hybrid beamformed CSI-RS and non-precoded CSI-RS
In Figure 1, 64 TxRUs are partitioned into eight groups and each group contains eight TxRUs. At the first stage, eight non-precoded CSI-RS ports mapped onto eight TxRUs within in one of the eight groups marked with black frame are transmitted. The UE then feedback the optimal precoding vector based on the non-precoded CSI-RS. The eNB then get knowledge of the optimal precoding vector information and use it to virtualize all the eight TxRUs within each group into one beamformed CSI-RS port. At the second stage, eight beamformed CSI-RS ports are transmitted to the UE for the CSI measurement and feedback. The total CSI-RS overhead for this scheme is 16 if we sum up the 8 non-precoded CSI-RS ports at the first stage and 8 beamformed CSI-RS ports at the second stage. If non-precoded CSI-RS scheme applies, the CSI-RS overhead will be up to 64. Compared with the non-precoded CSI-RS scheme, hybrid beamformed CSI-RS and non-precoded CSI-RS significantly save the overhead. Moreover, the overhead saving is more distinctively with more TxRUs number.
Proposal 1: Hybrid beamformed CSI-RS and non-precoded CSI-RS should apply for the cases of more than 16 CSI-RS ports.
For the hybrid beamformed CSI-RS and non-precoded CSI-RS scheme, the eNB can flexibly configure the number of beamformed CSI-RS and the number of non-precoded CSI-RS for a given antenna array configuration. For instance, for the antenna array with 64 TxRUs, another alternative configuration is 16 non-precoded CSI-RS for the first stage and 4 beamformed CSI-RS for the second stage or 32 non- precoded CSI-RS for the first stage and 2 beamformed CSI-RS for the second stage. This flexibility enables the eNB to configure different CSI-RS configurations according to the scenario and requirements of the practical system. 

In this case, the non-precoded CSI-RS pattern and the beamformed CSI-RS pattern design should consider the CSI-RS pattern design with various port numbers. The CSI-RS pattern for non-precoded CSI-RS and beamformed CSI-RS pattern design can refer to our companion contributions [2, 3].
In addition, the transmitting of the two stage CSI-RS can be configured through two CSI processes. One CSI process is to configure non-precoded CSI-RS and the other CSI process to configure beamformed CSI-RS.
Proposal 2: Hybrid beamformed CSI-RS and non-precoded CSI-RS should consider flexible configuration of the number of beamformed CSI-RS and the number of non-precoded CSI-RS for a given antenna array.
3 Conclusions
In the contribution, we give our analysis on the potential enhancements on CSI-RS and CSI measurement for hybrid beamformed CSI-RS and non-precoded CSI-RS based scheme.
And we have the following proposals:
Proposal 1: Hybrid beamformed CSI-RS and non-precoded CSI-RS should apply for the cases of more than 16 CSI-RS ports.

Proposal 2: Hybrid beamformed CSI-RS and non-precoded CSI-RS should consider flexible configuration of the number of beamformed CSI-RS and the number of non-precoded CSI-RS for a given antenna array.
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