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1. Introduction
FD-MIMO was standardized in Rel.13 through the introduction of two types of CSI-processes, namely Class A and Class B. 
· For Class A, a CSI-process is associated with one non-precoded CSI-RS resource of 8/12/16 ports.  The CSI-RS resource is considered non-precoded and wideband. From the specification perspective, the attribute of “non-precoded” is reflected by the lack of channel measurement restriction.
· For Class B, a CSI-process is associated with either K = 1 CSI-RS resource or K>1 CSI-RS resources, where each of the CSI-RS has 1 to 8 antenna ports. When K=1, legacy Rel.12 CSI feedback mechanism is applied, except with new beamforming codebook. When K >1, UE selects one CSI-RS resource indicated by CRI, on which CSI is measured. From the specification perspective, the attribute of “beamformed” is enabled by channel measurement restriction. 
· UE-specific beamforming is supported by K=1 and K>1, as channel measurement restriction can be turned ON/OFF for both cases. 
· Cell-specific beamforming is supported by K>1.  
The work item on further full-dimension MIMO (FD-MIMO) enhancement approved in RAN#71 (c.f. [1]) has the following objective: 

· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS

This contribution presents our initial views on the enhancement of hybrid beamforming with joint utilization of non-precoded and beamformed CSI-RS. 
2. Discussion
Hybrid CSI with joint non-precoded/beamformed CSI-RS is supported in Rel.13, however it requires TM10 with multi CSI-process capability where one CSI-process is configured with Class A type reporting and another CSI-process is configured with Class B type reporting. For instance, a first CSI-process (Class A) is used to obtain virtualization vector in the vertical domain, and the second CSI-process (Class B) is virtualized by using the vertical virtualization acquired from the 1st CSI-process.  
It is our understanding that the motivation of the Rel.14 enhancement is to enable efficient hybrid CSI report with a single CSI-process. The CSI-process can be associated with multiple CSI-RS resources, which can be of different CSI-RS types. This should be the focus of the Rel.14 enhancement. 
Proposal:

· Focus hybrid CSI feedback study on a single CSI-process configured with multiple CSI-RS resources (K>1), where different CSI-RS resources can be different type. 
Several straightforward enhancements are possible. Assuming (N1, N2) antenna ports in the vertical and horizontal domain for a 2D array, a few simple examples are as follows. 
· Example 1: K=2, both CSI-RS resources are non-precoded, 1st CSI-RS is N1-port, 2nd CSI-RS resource is N2-port.
· Example 2: K=2, 1st CSI-RS is non-precoded N1-port, 2nd CSI-RS resource is beamformed N2-port.
· Example 3: K>2, 1st CSI-RS is non-precoded N1-port, (K-1) CSI-RS resources are beamformed N2-port. 

These examples are discussed separately in the following. 

With Example 1, UE reports a first precoder V1 on the 1st CSI-RS and V2 on the 2nd CSI-RS resource. The CSI-RS mapping at the eNB can be so that V1 reflects the N1-port vertical domain channel 
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, and V2 reflects the N2-port vertical domain channel 
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. eNB uses the reported V1/V2 to interpolate the 2D channel, e.g. as
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This method has been studied during the Rel.13 FD-MIMO WI phase, but its performance appears to be incompetative.
Observation: 

· Example 1 does not appear to be competitive performance wise.
Example 2 is shown in Figure 1. The 1st CSI-RS resource is used to obtain the vertical domain precoding vector W (length N1 precoder). Without loss of generality we consider an example where W is length-N1 column vector. The reported W from the 1st CSI-RS resource is used to obtain TXRU virtualization in the vertical domain (see Figure). After vertical beamforming with W, the 2nd N2-port CSI-RS is formulated in the horizontal domain, based on which UE measures beamformed CQI. This can be readily supported by Rel.13 class B K=2 feedback very limited spec impact.
For the current Rel.13 Class B K=2, the selection of CSI-RS resource is left to UE implementation and the eNB cannot control which CSI-RS the UE measures. For Rel.14 enhancement, both CSI-RS can be always measured and reported at any given time, so that the eNB can utilize both CSI to adjust the beamforming operation. Alternatively, the eNB can indicate which CSI-RS the UE shall measure, to achieve flexible CSI triggering and reduce CRI search complexity.
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Proposal: For a CSI-process configured with K=2 CSI-RS resources:
· The UE can be configured to report K=2  CSI values of both CSI-RS resources, or

· The UE can be triggered to report a single CSI measured a single CSI-RS resource.
With Example 3, the 1st CSI-RS resource is non-precoded and used to obtain vertical virtualization vector. The feedback codebook for the 1st CSI-RS resource has K-1 precoders, i.e. 
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. The remaining K-1 CSI-RS resources are beamformed each matrix in 
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. PMI report of the 1st non-precoded CSI-RS resource indicates which of the remaining K-1 beamformed CSI-RS resource shall be used for hybrid CSI feedback. It can be seen that PMI of the 1st non-precoded CSI-RS resource is similar to the CRI feedback in Rel.13. However, the complexity is much lower as the UE no longer needs to measure all K CSI-RS resources, but only needs to measure at most 2 CSI-RS resources. 
Proposal: For a CSI-process with K>2:
· The UE reports two CSI values, the 1st CSI is measured on the 1st non-precoded CSI-RS, and the 2nd CSI is measured on one of the remaining (K-1) beamformed CSI-RS resource. 
· The index of the CSI-RS for the 2nd CSI is to be obtained from the PMI of the 1st CSI report. 

3. Conclusions
In this contribution we presented our initial views on CSI report with joint utilization of different types of CSI-RS and different types of beamformed CSI-RS. 

Proposal:

· Focus hybrid CSI feedback study in the case of a single CSI-process with K>1 CSI-RS, where
· K=2, where UE is configured to report one CSI on each CSI-RS; or 
· K= 2, where UE is triggered to report a single CSI measured on one CSI-RS; or 
· K>2, UE reports two CSI, the 1st CSI is measured on the 1st non-precoded CSI-RS, and the 2nd CSI is measured on one of the remaining (K-1) beamformed CSI-RS resource. 

· The index of CSI-RS for the 2nd CSI is to be obtained from the PMI of the 1st CSI report. 
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