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1. Introduction

In RAN1#71, WI on eFD-MIMO was agreed to specify further enhancements for utilizing both elevation and azimuth domains with 2D antenna array with cross-polarization at eNBs. The WI objectives include enhancements of supporting the hybrid of CSI-RS types to enable efficient transmission of CSI-RS and obtain higher resolution of UE specific CSI feedback. 

The CSI-RS resource transmission and CSI reporting method for non-precoded CSI-RS transmission, beamformed CSI-RS transmission with k>1, and beamformed CSI-RS transmission with k=1 have been studied and specified in LTE R13. However, hybrid schemes with different CSI-RS types may coordinate and work jointly to provide wide-band long-term CSI and narrow-band short term CSI with different benefits. Therefore this contribution will target on designing CSI measurement mechanisms to enable hybrid types of CSI-RS.

2. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Hybrid CSI-RS Measurement Schemes

One of major benefits of beamformed CSI-RS based scheme, compared  to non-precoded CSI-RS  MIMO schemes, includes a better efficiency of CSI-RS and feedback resource utilization by utilizing different channel characteristics of spatial domains, thus being able to support a large 2D active antenna array. This benefit is obtained based on channel virtualization operation, which transforms an initial high-dimensional propagation channel into some low-dimensional ones by performing beamforming over BF CSI-RS resources.

We can consider beamformed CSI-RS with vertical precoding and channel virtualization will include horizontal and polarized channels. In this case, it is assumed that the eNB will send several beamformed CSI-RSs with different vertical precoders, and the UE will measure beamformed CSI-RSs and feedback the favourite BF CSI-RS using wide-band and long-term CRI. For a short term measurement, the eNB will transmit beamformed CSI-RS by embedding the vertical precoder indicated by CRI so that the UE can measure an effective short term and subband CSI. The number of candidate vertical precoders will be limited by total useable CSI-RS resources and such a cell specific scheme is generally conservative in terms of performance gain.

Another beamformed CSI-RS case is UE-specific CSI-RS transmission. In this case, it is assumed that the final precoder on PDSCH for given UE is W1*W2, where W1 means long-term and wide-band precoder combining vertical and horizontal channel information, and W2 is short-term and narrow-band or wide-band precoder, depending on feedback configuration, which means beam selection and co-phasing between the dual polarization of the antennas. W1 can be obtained by channel reciprocity based on a long term measurement, e.g. channel correlation matrices. 

Nevertheless, another alternative of obtaining W1 is a hybrid approach, where hybrid CSI-RS types are used to acquire a long-term and wide-band precoder W1. The hybrid CSI-RS schemes will jointly utilize different CSI-RS types at UE.  Detailed schemes are given below.

Solution A: Hybrid of non-precoded CSI-RS and beamformed CSI-RS k=1

During the non-precoded CSI-RS transmission and reporting stage, i.e., the long-term stage, eNB sends non-precoded CSI-RS with a long periodicity. The number of CSI-RS ports is equal to the number of transmission antenna ports. Based on the reception of CSI-RS, the UE estimates the original channel, selects W1 from predefined codebook and then feeds back it to eNB. 

During the beamformed CSI-RS transmission and reporting stage, i.e., the short-term stage, eNB sends beamformed CSI-RS precoded by UE specific W1. The number of beamformed CSI-RS ports per resource is determined by the eNB with generally a small dimension, e.g. only 2/4 ports. The UE estimates the effective channels, selects the favourite W2 from indicated short-term codebooks sharing by eNB and UE, and feeds it back to eNB. For PDSCH transmission, the eNB will use long-term W1 and short-term W2 for DMRS based transmission. In general, W1/W2 can come from the same or different codebook defined in Rel 13 or later releases.  

To enable this solution, we can use dual CSI processes for dual CSI reporting with long period and short period respectively, which may be dependent on each other. For the long term reporting, the CSI reporting mechanism may be different from existing one for NP CSI-RS since only a long term PMI (PMI1 if with dual codebook) is required. Alternatively, single CSI process can be used so that two kinds of CSI-RS types should be included in the CSI-RS configuration. In particular, NP and BF CSI-RS resources with their own measurement and reporting responsibility can be configured by higher layer. 

Solution B: Hybrid of non-precoded CSI-RS and beamformed CSI-RS k>1

During the non-precoded CSI-RS transmission and reporting stage, the non-precoded CSI-RS resources are mapped to partial ports, for example one column or several columns of BS antenna array to obtain a long-term wide-band vertical CSI. The eNB sends non-precoded CSI-RS with a long periodicity. The UE receives non-precoded CSI-RS, estimates vertical channels, selects and feedbacks vertical precoder from predefined vertical codebooks. 

During beamformed CSI-RS transmission and reporting, the eNB sends K beamformed CSI-RS resources precoded by multiple vertical precoders which are finely tuned according to UE’s feedback or implementation. Based on the reception of K beamformed CSI-RSs, UE estimates the effective channels, feedback CRI and corresponding W1 and W2 from indicated horizontal codebooks to the eNB. For PDSCH, the eNB will use vertical precoder according to CRI, long-term W1, and short-term W2 for DMRS based data transmission.

Similarly, dual CSI processes or single CSI process can be used to enable this hybrid solution. Non-precoded CSI-RS is mainly used for long term and wideband channel estimation whereas multiple beamformed CSI-RSs are mainly used for short term and subband channel estimation with finer subspacing. 
[bookmark: _GoBack]Observation #1: Hybrid schemes using non-precoded CSI-RS and beamformed CSI-RS (k=1 or k>1) can be used for long term and short term CSI measurement/reporting respectively where non-precoded CSI-RS can be used to span subspaces at a long term and BF CSI-RS(s) can be used for detailed CSI reporting at a short term. 
 
Solution C: Hybrid of beamformed CSI-RS k>1 and beamformed CSI-RS k=1

During the cell specific beamformed CSI-RS transmission and reporting stage (K>1), i.e., the long-term stage, eNB sends K BF CSI-RS resources precoded by a number of candidate vertical precoders. The total number of ports of K BF CSI-RS resources equals to the number of horizontal antenna ports multiplied by the number of candidate vertical precoders. With the reception of BF CSI-RS resources, UE estimates the effective channels and then feedback the favourite BF CSI-RS resource with CRI implying preferred vertical precoder and W1 from predefined codebook implying preferred horizontal precoder to the eNB. 

During the UE specific beamformed CSI-RS transmission and reporting stage (K=1), i.e., the short-term stage, the eNB sends beamformed CSI-RS precoded by UE specific vertical precoder and horizontal W1. The total number of CSI-RS ports per BF CSI-RS resource is determined by the eNB and UE specific channel with generally a small dimension, e.g. 2/4 ports. After performing the estimation of effective channels based on the reception of BF CSI-RS, UE selects the favourite W2 by using codebook such as defined in R13, and feeds back it to eNB. The W2 feedback will be responsible for finer 3D beam selection and cophasing. 

Similarly, we can also use dual CSI processes or single CSI process to enable this solution. For long term process, the CSI reporting type should only include the CRI and long-term PM. For single process case, two kinds of CSI-RS types should be included in a CSI process configuration.
 
Observation #2: Hybrid of beamformed CSI-RS with both k>1 and k=1 can be used for long term and short term CSI measurement/reporting respectively where multiple BF CSI-RS with K>1 can be used to span subspaces at a long term and BF CSI-RS with K=1 (taking into account long term feedback) can be used for detailed CSI reporting at a short term. 

3. Conclusions
In this contribution, several hybrid CSI-RS schemes jointly utilizing different CSI-RS types are discussed. Following observations summarizes potential methods of such joint CSI reporting.
· Observation #1: Hybrid schemes using non-precoded CSI-RS and beamformed CSI-RS (k=1 or k>1) can be used for long term and short term CSI measurement/reporting respectively where non-precoded CSI-RS can be used to span subspaces at a long term and BF CSI-RS(s) can be used for detailed CSI reporting at a short term..

· Observation #2: Hybrid of beamformed CSI-RS with both k>1 and k=1 can be used for long term and short term CSI measurement/reporting respectively where multiple BF CSI-RS with K>1 can be used to span subspaces at a long term and BF CSI-RS with K=1 (taking into account long term feedback) can be used for detailed CSI reporting at a short term. 



