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1 Introduction

In RAN plenary #71 meeting, it was agreed to enhance CSI reporting mechanism [1] as
· Extend specification support for CSI reporting in the following areas [RAN1]

· 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
In this contribution, the schemes of joint utilization of different CSI-RS types are discussed. 
2 Joint utilization of different CSI-RS types
2.1 Recall of Class A and Class B CSI reporting
LTE Rel-13 defines Class A and Class B CSI reporting, where Class A and Class B CSIs are measured on non-precoded and beamformed CSI-RS, respectively. There are 3 types of Class B CSI reporting including
·  Class B CSI with K>1 CSI-RS resources
·  CSI reporting includes CRI and legacy PMI/RI/CQI on preferred resource

· Class B CSI with K=1 CSI-RS resource and  PMI-Config=1

· CSI reporting includes new codebook based PMI, RI and CQI
·  Class B CSI with K=1 CSI-RS resource with PMI-Config=2
· CSI reporting includes legacy codebook based PMI, RI and CQI reporting

Beamformed CSI-RS has the benefit of enhanced CSI-RS coverage with beamforming gain on CSI-RS. However, for beamformed CSI-RS in FDD system, it is difficult to obtain the beamforming vector at transmitter without the channel reciprocity, especially for Class B with K=1 case. To address the problem, one method is using non-precoded CSI-RS to obtain the beamforming vector information, another is using Class B CSI with K>1 resources and UE feedback the selected CSI-RS resource index. So, the hybrid CSI feedback schemes including the following types: 

· Non-precoded CSI-RS and beamformed CSI-RS with K=1 resource
· Beamformed CSI-RS with K>1 resources and K=1 resource
2.2 Joint utilization of Non-precoded and beamformed CSI-RS with K=1 resource
A CSI process includes non-precoded CSI-RS and beamformed CSI-RS, where non-precoded CSI-RS is configured with long period and beamformed CSI-RS can be short periodic or aperiodic transmission. The UE measures channel information on the instance of non-precoded CSI-RS transmission, and feedback the partial channel information, i.e. RI and/or PMI, on the corresponding reporting time, where the W1 of the two stage codebook is sufficient for the PMI feedback in this stage. On instance of beamformed CSI-RS transmission, the partial channel information is used to generate the beamforming weight for CSI-RS, where legacy RI, PMI and CQI can be measured.
In addition, since partial channel information doesn’t require high accuracy, partial antenna ports mapped on CSI-RS recourse will be sufficient to meet the measurement requirement, meanwhile the resource consuming for non-precoded CSI-RS transmission will be saved.
An example of mapping of antenna ports and CSI-RS is illustrated in Figure1, where non precoded CSI-RS is transmitted by one column of co-polar antenna, and beamformed CSI-RS is formed exploiting precoding matrix measured on non-precoded CSI-RS.
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Figure1 16 antenna ports layout
An example of joint utilization of non-precoded CSI-RS and beamformed CSI-RS is illustrated in Figure2 considering a 16 ports layout as in Figure 1. 
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Figure2: Joint transmission of non-precoded CSI-RS and beamformed CSI-RS
Based on the reported partial channel information, eNB transmits beamformed CSI-RS with short period. For non-precoded CSI-RS, its resource configuration can be cell specific, and all UEs in the cell share the same CSI-RS resource. However for beamformed CSI-RS, eNB needs to separately configure the CSI-RS resource via RRC signaling to each UE. The resource consuming is huge when there are a large number of active UEs in the cell. Actually, the UEs with the same beam direction can share the same beamformed CSI-RS resource, which can save the resource of beamformed CSI-RS. 
A straight way is to indicate the resource of beamformed CSI-RS to each UE dynamically. However this method will consume much downlink control signaling. A more efficient method is to configure a common resource pool to all the UEs in the cell. Which subset in the resource pool is used for one UE depends on the reported beam direction or PMI on latest reporting time. Both eNB and UE should be aware of this bundled relation between beam direction/PMI and CSI-RS subsets in the resource pool. Once receiving the beam direction, eNB will transmit the beamformed CSI-RS on the resource subset corresponding to the associated beam direction/PMI in the following continuous transmission instances until the new beam direction information is updated.
The utilization of CSI-RS resource pool is illustrated in Figures 3 based on the same assumption as in Figure 2.

As shown in Figure 3, assuming there is 4 subsets of CSI-RS resources in the CSI-RS resource pool, the codebook for the non-precoded CSI-RS feedback is divided into 4 groups, where the first group codewords in the codebook corresponds to CSI-RS resource-1 and the second group codewords in the codebook corresponds to CSI-RS resource-2 and so on. On transmission instance n, UE feedbacks the non-precoded CSI-RS based PMI, e.g., PMI=1, which is belong to the second group, eNB transmits beamfomed CSI-RS on instances n+1, n+2, n+3 with the 2nd CSI-RS resources. 
Once the PMI is updated, i.e. PMI=0, the beamformed CSI-RS will be transmitted on the 1st subset of CSI-RS resource in the resource pool. In addition, the resource subsets that are not used by any beamformed CSI-RS should be used for PDSCH transmission. To achieve this benefit, more flexible ZP CSI-RS indication should be enhanced to indicate the resource utilization to downlink PDSCH UE.
Transmission instance:        n                   n+1               n+2             n+3                 n+4               n+5
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Figure3: CSI-RS resource for non-precoded CSI-RS and beamformed CSI-RS
The CSI process is summarized as 

· CSI-RS types: non-precoded CSI-RS and beamformed CSI-RS with K=1 resource
· CSI reporting: Partial channel information (long term and wide band)+ legacy RI, PMI and CQI
· The resource of beamformed CSI-RS is dependent on the partial channel information for the non-precoded CSI-RS
2.3 Joint utilization of beamformed CSI-RS with K>1 and beamformed CSI-RS with K=1 resource 

The concept of resource pool is introduced into the CSI process composed of beamformed CSI-RS with K>1 and K=1 resource. The beamformed CSI-RS with K>1 resources is configured with long period, and the preferred resource index is reported. Legacy RI, PMI, and CQI is measured on beamformed CSI-RS with K=1 resource. A CSI-RS resource pool is configured to the UEs in the cell, and its resource will be all used on the instances of K>1 beamformed CSI-RS transmission, i.e., n and n+4 in Figure 4. The resource for beamformed CSI-RS with K=1 should depend on the latest reported CRI. Form UE aspect, CSI-RS with K>1 resources are transmitted on transmission instance n and n+4, while CSI-RS with one resource is on n+1, n+2, n+3, n+5, and the resources position is dynamic adjusted with CRI. 
The remaining resources in the resource pool should be used for PDSCH transmission with the enhancement of ZP CSI-RS setting.
Transmission instance:        n                   n+1                n+2               n+3                 n+4                  n+5
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Figure4: CSI-RS resources for BF CSI-RS with K>1 and K=1 resource
The CSI process is summarized as 

· CSI-RS types: Bemaformed CSI-RS with K>1 and beamformed CSI-RS with K=1 resource
· CSI reporting: CRI + legacy RI, PMI and CQI

· The resource of beamformed CSI-RS in the UE-specific beamformed CSI-RS is dependent on CRI
3 Conclusions
In this contribution, the joint utilization of different CSI-RS types was discussed. Three CSI process types are proposed.

Type1 CSI process: 

· CSI-RS types: non-precoded CSI-RS and beamformed CSI-RS with K=1 resource

· CSI reporting: Partial channel information (long term and wide band)+ legacy RI, PMI and CQI
· The resource of beamformed CSI-RS is dependent on the partial channel information for the non-precoded CSI-RS
Type2 CSI process:
· CSI-RS types: Bemaformed CSI-RS with K>1 and beamformed CSI-RS with K=1 resource

· CSI reporting: CRI + legacy RI, PMI and CQI

· The resource of beamformed CSI-RS in the UE-specific beamformed CSI-RS is dependent on CRI
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