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Discussion and Decision
1
Introduction
Until RAN1#88 meeting, some agreements as follows have been made on hybrid CSI-RS report:
	Agreements: (RAN1#AH Spokane)
· The CSI acquisition framework (including CSI measurement, Resource, and CSI reporting settings) supports configurations that provide CSI similar to Rel.14 eFD-MIMO hybrid CSI mechanisms 1 and 2, e.g.

· Long-term CSI for a number of antenna ports or multiple NZP CSI-RS resources
· Short-term CSI for a number of antenna ports with one or more NZP CSI-RS resources

· The number of ports for long-term and short-term CSIs can be the same or different

· Contents of the CSI report are FFS

· This is achieved without introducing new features into the agreed upon CSI acquisition framework

Agreements: (RAN1#88 Athens)
· In NR MIMO CSI framework, study aspects related to hybrid CSI reporting (e.g., long-term vs. short-term, joint vs. separate configuration in one reporting setting and/or one resource setting, etc.)



In this contribution we will analyse the NR CSI acquisition framework and discuss the justification of applying hybrid CSI report in NR.  
2
Discussion  
2.1    Hybrid CSI report in R14 eFdMIMO   

Hybrid CSI report involves two steps CSI reporting and according two CSI-RS resources for each of the steps. The PMI report acquired in the first step will be used as a precoder/beamer for the CSI-RS in the second step, so the CSI report in the second step will be more precise, thus bringing performance gain. To have hybrid CSI report in R14 eFD-MIMO, a lot of discussion and specification work were done. CSI-RS resource types were selected, report settings including fixed report content and fixed report mode for the involving two steps were specified. Big effort was spent on hybrid CSI report design in R14 eFdMIMO because:
· Legacy discrepant CSI-RS design: in LTE we have two type of CSI-RS rerouces, Class A and Class B. Class B CSI-RS resource further includes two sub-types, Class B with K=1 and Class B with K>1. Class A CSI-RS resource supports up to 32 ports, while Class B only supports up to 8 ports. In addition, Class A supports non-precoded transmission of CSI-RS, while Class B supports beamformed CSI-RS transmission and beam selection based on CRI report. To achieve the more precise CSI report target without loss of the advantage of either of the CSI-RS types, a hybrid usage of two CSI-RS types were brought up and the CSI report associated is refered as hybrid CSI report. 
· Overhead saving: hybrid CSI report involves CSI reports for two steps while for the first step only PMI/CRI report is essentially needed to beam/precode the CSI-RS in the second step. Compared to reusing legacy report setting with full CSI report, reporting overhead can be reduced when reporting from two steps are bonded together and a new fixed pattern of report content is defined. 
· Specification complexity: Ideally the report modes from two steps should be configured independently to support different potential use cases. However, to support the hybrid report modes (periodic + aperiodic) for two bonded reporting involves upgrading all existing CSI reporting modes in LTE CSI acquisition framework. It is regretful that in the end only unified modes were specified in R14 LTE eFdMIMO due to the specification complexity. 
2.2    Hybrid CSI in NR CSI acquisition framework?
In NR MIMO discussion, a new CSI acquisition framework is introduced. Within the framework, CSI feedback with different granularities in time, frequency, spatial domain are supported. CSI report could include CQI, PMI, RI, CRI, and the content is configurable within the CSI report setting. Accordingly, CSI-RS resource with different granularities in time, frequency and spatial domain (support of beam sweeping and CRI report) are supported. And enhancement on top of LTE legacy such as dynamic acitivation/deactivation and configurable density are also supported. 
One of the most novel in NR CSI acquisition framework is the new CSI feedback configuration mechanism. The new configuration mechanism includes three parts, N CSI report settings, M CSI-RS resource settings, and the CSI measurement setting which consists of L links connecting the CSI report settings with the CSI-RS settings and indicates the measurement quantity. 

This new CSI acquisition framework provides high flexibility for CSI acquisition. Then the question is if we still need to have the LTE similar hybrid CSI report in this new CSI acquisition framework? Our understanding is such hybrid CSI is not needed. 
Firstly, the preliminaries to justify hybrid CSI reporting in LTE no longer exist in new NR CSI acquisition framework: 
· unified CSI-RS design: Class B CSI-RS is upgraded to support up to 32 ports and used as a baseline for NR RS design, as CSI-RS design need to support beam sweeping/selection as default in the general beam based NR system framework. 
· Configurable report content: fixed pattern of CSI content is suppressed and report content for each CSI report setting can be configured. Control overhead is flexible and handy.
· Generalized CSI feedback configuration mechanism: the new introduced CSI feedback configuration mechanism simplifies the linkage between CSI report setting and CSI-RS resource setting, various combinations between report setting and resource setting are easily attained in one measurement setting. 
Secondly, as beam sweeping/selection is supported as default in NR beam based system, CSI report is intrinsically a “hybrid” one in NR. 
In summary, we see no need to support LTE-R14-similar hybrid CSI reporting in NR CSI acquisition framework and here to restate the conclusion in RAN1#AH Spokane meeting: The CSI acquisition framework (including CSI measurement, Resource, and CSI reporting settings) supports configurations that provide CSI similar to Rel.14 eFD-MIMO hybrid CSI mechanisms 1 and 2. Hybrid CSI is achieved without introducing new features into the agreed upon CSI acquisition framework. 
3
Conclusions
In this paper, we recall the discussion in R14 LTE for hybrid CSI report and discuss its justification in the agreed upon NR CSI acquisition framework. Our conclusion reinforces the conclusion arrived in RAN1 #AH Spokane meeting:
The CSI acquisition framework (including CSI measurement, Resource, and CSI reporting settings) supports configurations that provide CSI similar to Rel.14 eFD-MIMO hybrid CSI mechanisms 1 and 2. Hybrid CSI is achieved without introducing new features into the agreed upon CSI acquisition framework.
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