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1. Introduction

The work item on elevation beamforming and full dimension MIMO was approved in the 3GPP RAN#68 meeting [1]. CSI-RS and CSI feedback would be enhanced for non-precoded CSI-RS and beamformed CSI-RS as described below:
· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping 
· Beamformed CSI-RS

· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

In this contribution, we discuss the necessary enhancement on CSI-process and CSI-RS resource to support feedback based on beamformed CSI-RS and non-precoded CSI-RS.
2. Discussion
2.1. Definition of CSI-process and CSI-RS resources for beamformed CSI-RS
In our contribution [2], it is proposed that multiple beamformed CSI-RS resources and corresponding BI report should be supported in Rel-13. Based on the description on transmission schemes in [3], the CSI-RS resources can be defined in two ways: single CSI-process with multiple CSI-RS resources or CSI-process group. The pros and cons of both methods are analyzed below.
· One CSI-process corresponds to multiple CSI-RS resources
· The relationship between CSI-process and CSI feedback is maintained. Each process of CSI feedback is still based on one CSI-process, and the only impact is addition of BI for each process of CSI feedback.
· It would be easy to fall back to legacy feedback scheme via configuration of only one CSI-RS resource for one CSI-process.
· Since each CSI-process still corresponds to one CC and one CoMP transmission assumption, extension to CA/CoMP is easy. The PUCCH/PUSCH feedback mechanism (e.g. CSI triggering) can be reused for CA/CoMP.
· Different definition of CSI-process from previous releases 
· Multiple CSI-processes for BI report
· The definition of CSI-process in Rel-12 is reused.
· New feedback mechanism should be defined, that is, single process of CSI report can be based on multiple CSI-processes. 
· Additional definition/configuration of CSI-process group is needed, which is different from the function of CSI-process set in previous releases for CoMP. The PUCCH resources are allocated for each CSI-process group but not CSI-process as in Rel-12.
· Since multiple CSI-processes would correspond to one CC and one CoMP transmission point, extension to CA/CoMP is more difficult. Multiple CSI-process groups should be defined in one CSI-process set. The PUCCH/PUSCH feedback (e.g. CSI triggering) should be modified for CA/CoMP 

From above analysis, we propose to use single CSI-process associated with multiple CSI-RS resources to ensure minimal specification impact for DL signaling, feedback, and extension to CA/CoMP. According to the analysis in [4], at least a CSI-process associated with 4 CSI-RS resources should be allowed in Rel-13.
Proposal 1: The definition of CSI-process in Rel-12 is extended and one CSI-process can correspond to one or multiple CSI-RS resources.
2.2. Definition of CSI-process and CSI-RS resources for non-precoded CSI-RS
For non-precoded CSI-RS, up to 16 ports CSI-RS can be supported in Rel-13. The definition of CSI-RS resource should be naturally extended to support 12/16 ports CSI-RS pattern. The definition of CSI-process in Rel-12 can be reused for non-precoded CSI-RS, and CSI can be also reported based on each CSI-process. If the definition of CSI-process is extended for beamformed CSI-RS as proposed in section 2.1, the CSI-process for beamformed CSI-RS and non-precoded CSI-RS should be differentiated in case multiple processes are configured, e.g. for CoMP. Additional type indication can be introduced for each process, or the number of CSI-RS resources within a process can be used for judgment. In this case, the definition of CSI-RS resource can be the same for different types of CSI-process. The CSI-process for non-precoded CSI-RS can be a particular case of that for beamformed CSI-RS with single beam/CSI-RS resource.
In Rel-13 SI for FD MIMO, hybrid CSI-RS transmission was proposed by some companies. With hybrid CSI-RS, eNB can configure the CSI-RS resources for both beamformed CSI-RS and non-precoded CSI-RS. If single CSI-process is used to support both schemes, e.g. one CSI-RS resource for non-precoded CSI-RS and multiple resources for beamformed CSI-RS in one process, there would be two independent processes of CSI feedback associated with one CSI-process. The UE complexity and feedback overhead would be doubled for the process, and the feedback mechanism would be significantly different from that in Rel-12. For example, multiple PUCCH feedback channels should be configured for the CSI-process, and the number of CSI-processes a UE can support should be redefined. Many issues would rise if the new CSI-process coexists with legacy CSI-process. 
To reuse the feedback in Rel-12 as much as possible, two CSI-processes can be configured separately for beamformed CSI-RS and non-precoded CSI-RS to support hybrid CSI-RS. For UEs with capability of multiple CSI-processes, whether multiple CSI-processes are associated with single or multiple transmission points is transparent to UEs, and hybrid CSI-RS can be implemented without additional specification impact.
Proposal 2: The same definition of CSI-RS resource with extended number of ports is used for beamformed CSI-RS and non-precoded CSI-RS.
Proposal 3: Different CSI processes are defined to support beamformed CSI-RS and non-precoded CSI-RS.
3. Conclusion
In this contribution, we discuss the definition of CSI-RS resource and CSI-process for beamformed CSI-RS and non-precoded CSI-RS. Different methods to support multiple CSI-RS resources based feedback for beamformed CSI-RS are compared. The approach to configure CSI-process for both beamformed CSI-RS and non-precoded CSI-RS is also analyzed. To summarize, we propose that:
Proposal 1: The definition of CSI-process in Rel-12 is extended and one CSI-process can correspond to one or multiple CSI-RS resources.

Proposal 2: The same definition of CSI-RS resource with extended number of ports is used for beamformed CSI-RS and non-precoded CSI-RS.
Proposal 3: Different CSI processes are defined to support beamformed CSI-RS and non-precoded CSI-RS. 
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