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1. Introduction
In RAN#71, the WID [1] about enhancements on Full-Dimension (FD) MIMO for LTE has been approved. The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 1D and 2D port layouts with cross-poles at eNBs. The detailed objectives are as follows. 

· Specify enhancements on reference signal in the following areas [RAN1] 

· Extend specification support for CSI reporting in the following areas [RAN1]

· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D

· 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, we propose several mechanisms to support joint utilization of different CSI-RS types at the UE.  Moreover, the impacts on specifications are analyzed for each mechanism.
2. Hybrid schemes for joint utilization of different CSI-RS types
In the current specification, once Class A, Class B K>1 or Class B K=1 is configured for one CSI process, the CSI-RS configuration is fixed in a semi-static manner. However, since the supported number of ports is increased up to 32 in Rel-14, the flexibility and performance are constrained if only a single CSI-RS type can be configured for a UE. Specifically, if only Class A is configured, the total number of CSI-RS ports cannot exceed 32 and the feedback overhead is relatively large. In the case of Class B K>1, K beams are required to be configured by the eNB and CRI feedback is used to determine the beamforming for CSI-RS. The resulting beamforming for CSI-RS may not be accurate or flexible for the following reasons: 

· The feedback periodicity of CRI is relatively long
· K is not larger than 8
· Only wideband CRI is supported

· The configuration of beamforming for each CSI-RS resource is designed more in cell specific manner for all the UEs in the cell
In the case of Class B K =1, as the beamforming vectors for the CSI-RS is UE-specific, the quantization precision is not constrained. However, in order to obtain the beamforming vectors for CSI-RS, eNB requires the channel information of the UE. For TDD system, it can be obtained by channel reciprocity, whereas for FDD, the problem of the channel information acquisition is not solved. Furthermore, as the number of CSI-RS ports is increased and the beam becomes narrower, the robustness can be a significant issue for beamforming. Thus, the CSI acquisition needs to be enhanced for FD-MIMO. 
Hybrid schemes with joint utilization of different CSI-RS configuration types can be a solution to the CSI acquisition problem.  In general, one type of CSI-RS is used for acquiring initial CSI in more cell specific manner.  Another type of CSI-RS is used for refining the CSI in UE specific manner.   The following two hybrid schemes can be considered.
Scheme 1: Joint utilization of Class A and Class B CSI-RS
The eNB may use the Class A CSI-RS to obtain the beamforming vectors for the Class B CSI-RS. As it is seen in Fig. 1, eNB transmit NP CSI-RS and BF CSI-RS with the period of T1 and T2, respectively, where T1>T2 in most cases, or the trigger of BF CSI-RS is more frequent than NP CSI-RS. UE calculates and feeds back CSI1, e.g., PMI1/RI1/CQI1, based on NP CSI-RS. eNB determines beamforming vectors for the CSI-RS based on PMI1 and transmits the BF CSI-RS. UE calculates and feeds back CSI2, e.g., PMI2/RI2/CQI2, based on the BFed CSI-RS.
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Fig. 1 Joint utilization of Class A and Class B CSI-RS.

Scheme 2: Joint utilization of Class B K>1 and Class B K=1 CSI-RS
The hybrid scheme with Class B K>1 and Class B K=1 CSI-RS can give a better characterization of the channel information for Class B CSI-RS and feedback. With this scheme, the network can transmit cell specific Class B K>1 CSI-RS resources.  The UE performs CRI selection. Beam refinement can be done by using Class B K=1 CSI-RS with each port corresponding to the refined beams derived based on the CRI obtained from Class B K>1. Then UE calculates and feeds back the final refined CSI based on the Class B K=1 CSI-RS. 
The hybrid schemes may be implemented by configuring different types of CSI-RS for multiple CSI processes in the current specification. However, whether multiple CSI processes can be configured depends on UE capability. For some UEs, multiple CSI processes cannot be configured. Moreover, the UE complexity and feedback overhead may be increased substantially if multiple CSI processes are configured. Additionally, for CoMP, if hybrid CSI-RS types are configured in multiple CSI processes, the number of cooperating cells may be decreased since the upper bound for the number of CSI processes exists. Thus in order to support the joint utilization of different CSI-RS types better, it is necessary to allow configuring different CSI-RS types in one CSI process.
Proposal 1: It is necessary to allow configuring different CSI-RS types in one CSI process.

3. Joint utilization of PUSCH feedback and PUCCH feedback
According to the discussion above, we discuss possible solutions to enable hybrid schemes of joint utilization of different types of CSI-RS in this sub-section. The following alternative approaches can be employed to support the above hybrid schemes flexibly.
Alt. 1: Switch the feedback for different CSI-RS types in different TTIs.
Alt. 2: Joint utilization of PUCCH and PUSCH feedback in one CSI process.
For Alt.1, in order to let the eNB understand which CSI-RS type the feedback is obtained from, one or more TTI switch patterns need to be defined between the eNB and UE, or the UE needs 1 more bit feedback to indicate the type of the CSI-RS. We have some concerns on Alt. 1. Firstly, the TTI-switched feedback may cause considerable delay of the CSI reporting. Moreover, if both the feedbacks of different CSI-RS types are loaded on PUSCH or PUCCH, the overhead may cause unbalanced burden on the uplink physical channels.
For Alt.2, the feedback from different CSI-RS types may be configured on PUCCH and PUSCH independently. For example, in the case of joint utilization of Class A and Class B, one possible solution is to feedback CSI from Class A non-precoded CSI-RS on PUCCH, and the CSI from beamformed CSI-RS on PUSCH. In the case of joint utilization of Class B K=1 and Class B K>1, the UE can feedback the CSI from Class B K>1 on PUCCH, and the CSI from Class B K=1 on PUSCH. Then the eNB can obtain coarse periodic CSI from PUCCH based on cell specific CSI-RS and trigger UE specific beamformed CSI-RS for finer CSI on PUSCH aperiodic CSI report when it is needed. This allows obtaining different types of CSI in a more flexible and robust manner.  At the same time, each type of periodic/aperiodic CSI only refers to one type of CSI-RS which reduces the complexity compared to the case when both types of CSI-RS resources are supported on PUCCH and PUSCH at the same time.
Based on the above discussion, we recommend adopting Alt. 2 to support the hybrid schemes with different CSI-RS types. Thus we have the following proposal.

Proposal 2: Allow configuring CSI-RS independently for PUCCH and PUSCH feedback in one CSI process.
4. Joint utilization of periodic CSI-RS and aperiodic CSI-RS

In the last section, the enhancement to support hybrid CSI-RS schemes is discussed from the point of feedback. In this section, we give another possible solution from the point of CSI transmission.
In the current specification, the CSI-RS, no matter whether the NP CSI-RS or the BF CSI-RS, is transmitted periodically. As the number of CSI-RS ports is increased, if only the periodic CSI-RS can be configured, the pilot overhead is increased a lot to achieve an accurate and robust CSI acquisition. Hence aperiodic CSI-RS should be supported to enhance both the Class A and Class B CSI acquisition for FD-MIMO [3][4], which provides us another possible solution to support hybrid CSI-RS schemes. 
Joint utilization of aperiodic and periodic CSI-RS in one CSI process can support the hybrid schemes with different CSI-RS types. UE specific beamformed CSI-RS can be used to refine CSI in UE specific manner.  However, it may cause overhead issues especially when there are many active UEs.  To reduce the overhead, aperiodic CSI-RS can be introduced.  Because of the aperiodic nature, it is natural to use it with aperiodic CSI only.   Therefore, it is desirable to configure cell-specific periodic CSI-RS (Class A or Class B with K>1) to obtain coarse periodic CSI from PUCCH and configure UE-specific aperiodic beamformed CSI-RS with Class K=1 to obtain aperiodic CSI on PUSCH for finer CSI.
Based on the above discussion, we have the following proposal.

Proposal 3: Allow configuring both periodic and aperiodic CSI-RS in one CSI process.
5. Conclusion
In this contribution, we analyze the existing problems of the legacy Class A and B CSI acquisition. Moreover, hybrid CSI-RS mechanisms such as joint utilization of Class A and Class B CSI-RS and joint utilization of Class B K=1 and Class B K>1 CSI-RS are proposed and discussed to overcome the existing obstacles of CSI acquisition. Based on the analysis and discussion, we have the following proposal.
Proposal 1: It is necessary to allow configuring different CSI-RS types in one CSI process.
To support the hybrid schemes with different types of CSI-RS in one CSI process, the following two proposals are given from the points of feedback and CSI-RS transmission, respectively.
Proposal 2: Allow configuring CSI-RS independently for PUCCH and PUSCH feedback in one CSI process.
Proposal 3: Allow configuring both periodic and aperiodic CSI-RS in one CSI process.
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