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1. Introduction

In [80b-03] email discussion, the text proposal to TR36.897 on Potential CSI-RS and feedback enhancements was prepared for RAN1 #81 meeting in Fukuoka, which includes the description of enhancements related to beamformed CSI-RS based schemes,  non-precoded CSI-RS based schemes, and hybrid beamformed CSI-RS and non-precoded CSI-RS. Especially, there are many different alternatives for beamformed CSI-RS based schemes. In [1], 5 different schemes are already defined and described in brief. Therefore, this contribution provides the summary of beamformed CSI-RS based schemes defined in [1] and describes the specification impacts of beamformed CSI-RS based schemes. 
2. Specification Impacts of Beamformed CSI-RS based Schemes
In [1], several examples of beamformed CSI-RS based schemes are described in terms of beamformed CSI-RS resource measurement, resource selection indication, and CSI reporting. In this contribution, specification impacts of several beamformed CSI-RS based schemes are investigated and compared. Throughout this contribution, the following parameters are considered. 2D antenna configuration is defined as (M, N, P) where M is the number of antenna elements with the same polarization in each column, N is the number of columns and P is the number of polarization dimensions which is  2 for dual-polarized array. In addition, L and NB indicate the number of candidate beams per polarization and number of selected beams, respectively. 
The description on potential CSI-RS and feedback enhancements includes 5 different examples for beamformed CSI-RS based schemes [1]. As for the specification impacts, two aspects are considered. One is related to the CSI measurement resource, e.g. NZP CSI-RS port size and UE/cell-specific configuration. The other is related to the CSI reporting, e.g. additional feedback information related to the schemes and total CSI feedback overhead. 
These schemes can also be categorized depending on the knowledge of the preferred beam(s) per UE. In case of scheme 1 and scheme 2, it is assumed that the preferred beam(s) per UE is known before applying these schemes. For instance, the knowledge on preferred beam(s) per UE could be 2D beam(s) and horizontal (or vertical) beam(s). However, the remaining schemes like scheme 3, 4 and 5 do not need the prior knowledge on the preferred beam(s) per UE. This information can be obtained from UE’s feedback after measuring the channel at UE side. 

Scheme 1a: CSI reporting is performed with selection of one or more beams along with quantized co-phasing between two polarization groups
· Assuming the preferred 2D beam(s) per UE be known 
· Measuring CSI-RS resource:
· UE-specific 2L-port NZP CSI-RS resource is used
· CSI reporting
· UE selects NB beams out of L candidate beams 
· CSI per selected beam includes beam (or port) index, quantized co-phasing between two polarization groups and RI/CQI
· Multiple CSIs (e.g. ( NB) are reported
Scheme 1b: CSI reporting is performed with quantized co-phasing between two dual polarized ports without beam selection
· Assuming the preferred 2D beam(s) per UE be known 
· Measuring CSI-RS resource:
· UE-specific 2-port NZP CSI-RS resource, which is based on the only one beam
· CSI reporting
· CSI includes quantized co-phasing between two polarization groups and RI/CQI
· No need to select beam because UE is configured with only one beam in this scheme
Scheme 1c: CSI reporting is performed with weighted linear combination of beams and quantized co-phasing between two polarization groups
· Assuming the preferred 2D beam(s) per UE be known 
· Measuring CSI-RS resource:
· UE-specific 2L-port NZP CSI-RS resource is used
· CSI reporting
· CSI corresponds to the weighted linear combination of beams, where UE can select the weighted linear combination
· CSI includes the L-dimension PMI for selection of weighted linear combination, quantized co-phasing between two polarization groups and RI/CQI
Scheme 1d: CSI reporting is performed with selection of one or more beams per layer and/or per polarization in conjunction with quantized co-phasing between two polarization groups
· Assuming the preferred 2D beam(s) per UE be known 
· Measuring CSI-RS resource:
· UE-specific 2L-port NZP CSI-RS resource is used
· CSI reporting
· UE selects NB beam sets for two polarizations, which means beam per layer and/or polarization can be different
· CSI per selected beam set includes beam (or port) index per layer and/or polarization, quantized co-phasing between two polarization groups and RI/CQI
· Multiple CSIs (e.g. ( NB) are reported
Scheme 1e: CSI reporting is performed with PMI(s) corresponding to the selected vertical beam(s) along with the horizontal precoder within the selected beam(s)
· Assuming the preferred vertical beam(s) per UE be known 
· Measuring CSI-RS resource:
· UE-specific 2N-port NZP CSI-RS resource is used
· CSI reporting
· CSI(s) corresponds to the selected vertical beam(s)
· Each CSI includes 2N-dimension PMI(W1/W2) corresponding to horizontal precoder in which quantized co-phasing between two polarization groups can be included and RI/CQI
Scheme 3: Single CSI process and multiple NZP CSI-RS resources
· Without knowledge on the preferred beam(s) per UE 
· Measuring CSI-RS resource:
· NB times cell-specific 2L-port NZP CSI-RS resources are used, where total number of ports for all NZP CSI-RS resources is 2NBL.
· CSI reporting
· UE selects the preferred NZP CSI-RS resource to select the beam
· CSI corresponds to the beam which is applied in the selected NZP CSI-RS resource
· CSI includes beam index, PMI and RI/CQI 
Scheme 4: Multiple CSI processes and single NZP CSI-RS resource
· Without knowledge on the preferred beam(s) per UE
· Measuring CSI-RS resource:
· UE-specific 2L-port NZP CSI-RS resource is used
· CSI reporting
· UE selects the preferred CSI process to select the beam
· CSI corresponds to the beam which is applied in the selected CSI process
· CSI includes an index of the selected CSI process, PMI and RI/CQI
Scheme 5: 2-step process, e.g. multiple beamformed DRSs + beamformed CSI-RS resource 
· Without knowledge on the preferred beam(s) per UE
· Measuring DRS and CSI-RS resource:
· Cell-specific multiple DRSs and UE-specific 2N-port NZP CSI-RS resource are sequentially used 
· CSI reporting
· UE selects the preferred DRS and reports a DRS index (DI) 
· CSI corresponds to beamformed CSI-RS resource which is UE-specifically configured based on the reported DI
· CSI includes 2N-dimension PMI and RI/CQI
3. Discussion and Conclusion

This contribution has investigated the specification impacts of the beamformed CSI-RS based schemes in [1]. The following observations are made. 
Observation: The specification impacts of the beamformed CSI-RS based schemes include CSI measurement resource structure and CSI reporting:
· Regarding CSI measurement resource structure, at least the following specification impacts are anticipated:

· For scheme 1, specification enhancements may include defining additional ports for NZP CSI-RS.

· For schemes 3 and 4, specification enhancements may include defining additional CSI processes, and/or CSI-RS resources per CSI process.

· Regarding CSI reporting, at least the following specification impact is anticipated:

· Selection index feedback, e.g. beam index, port index, CSI-process index, CSI-resource index, DRS index, etc.
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