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1 Introduction
In the email discussions [86b-14] and followed RAN#86bis the following conclusions were achieved regarding support of hybrid CSI:
	Agreement
· Alt1. Proposal in R1-1610731
· For aperiodic CSI reporting for hybrid CSI-RS mechanism 1 

· Either one of CSI for 1st eMIMO-Type (i.e., 1st CSI) and CSI for 2nd eMIMO-Type  (i.e., 2nd CSI) is triggered for aperiodic CSI reporting 

· CSI request field in UL grant DCI is used to indicate either one of the two. FFS on number of bits

· For 1st eMIMO-Type, encoding mechanism/mapping on PUSCH is FFS.

· For 2nd eMIMO-Type, legacy CSI encoding/mapping on PUSCH is reused.

· FFS: support of eCA

· Alt2. Report both eMIMO-Types, but the UE is only required to update one of the two eMIMO-Types 

· Example a: A method analogous to Rel.13 CSI relaxation 

· Example b: cf. R11609853 section 2.2.2. For this solution, the reference resource definition for the 1st eMIMO-Type needs to be changed

· [R1-1609853] “When periodic CSI is not configured for the first eMIMO-Type, its reference resource is in the subframe containing its most recent CSI-RS resource. Otherwise, the reference resource for the first eMIMO-Type is that set by periodic CSI”

· Note: This alternative does not preclude UE's CSI updates on both eMIMO-Types

Agreement
· A UE can be simultaneously configured with both A-CSI and P-CSI 

· For both A-CSI and P-CSI reporting, UE calculates CSI for only one eMIMO-Type of a pair at a time 

· Support A-CSI (PUSCH-based) reporting for both 1st and 2nd eMIMO-Typesbased on the following joint configuration approach 

· Only the A-CSI reporting mode of the 2nd eMIMO-Type is configured, whereas the reporting content of the 1st eMIMO-Type (i1 and RI) is fixed 

· A-CSI configuration does not apply to the content of the 1st eMIMO-Type
· Details about triggering to be decided in RAN1#87 (discussed in Youngwoo’s [86b-14])
· In RAN1#87, decide the need for supporting (and, if supported, the details of) at least one of the following combinations where CSI reporting modes for 1st and 2nd eMIMO-Types are independently configured. 

· ‘P’ and ‘A’ refers to periodic and aperiodic CSI reporting for an eMIMO-Type 

Combination 
1 
2 
3 

1st eMIMO-Type 

P 

A 

P and/or A 

2nd eMIMO-Type 

A 

P 

P and/or A

· If combination 1 is supported, down-select from the following options 
· Opt-1: Use legacy CSI reporting configuration for the 1st eMIMO-Type 
· Opt-2: Both the A-CSI and P-CSI parameters are configured for the 2nd eMIMO-Type, and UE only reports A-CSI.


In this contribution we provide our views regarding the other possible approaches of supporting hybrid CSI.
2 Discussion 
Configuration of hybrid CSI

In Rel-13 two eMIMO types were specified – Class A and Class B. The CSI feedback in Class A eMIMO type is derived using the channel measurement from the non-precoded CSI-RS and the configurable dual-codebook designed to support various 1D / 2D antenna port layouts. The CSI feedback for Class B eMIMO type is derived using the channel measurement from the beam formed CSI-RS. The conventional Rel-12 codebooks, supporting 1D antenna port layouts, or the new Rel-13 beam selection codebooks can be used to calculate CSI feedback information. 

Comparing to Class A, the CSI-RS transmission for eMIMO type with single CSI-RS resource (K=1) should be assisted by some additional information from the UE. More specifically, for Class B FD-MIMO at most eight CSI-RS antenna ports can be configured, limiting the maximum number of beams that can be used for the beamformed CSI-RS transmission to four. To assist eNB in the selection of the candidate beams for CSI-RS transmission, the legacy Rel-12 procedures can be used. For example, the RSRP measurements derived on the beamformed CSI-RS antenna ports can be exploited to identify the preferred beam set that should be used by the eNB for CSI-RS transmission. Such RSRP measurements on CSI-RS can be realized using the existing Rel-12 DRS framework and, therefore, should be used for the comparison. 


Another approach of assisting the beamforming on CSI-RS relies on the hybrid CSI reporting schemes, where two eMIMO types can be configured simultaneously for the UE. In this case the PMI calculated for Class A eMIMO types can be used for CSI-RS beamforming of Class B eMIMO type. It is expected that the Class A CSI feedback will be provided by the UE with low duty cycle comparing to the CSI reports provided for Class B eMIMO type. For example, Class A eMIMO type can be configured for periodic CSI reporting, where the reporting duty cycle is relatively long, while Class B eMIMO type for aperiodic CSI reporting with short reporting duty cycle. In this approach the amount of CSI-RS overhead of Class B FD-MIMO can be also reduced by configuring aperiodic CSI-RS transmission coupled with Class B aperiodic CSI report triggering. 
Proposal:

· Hybrid CSI reporting should be supported in LTE by allowing different configuration of eMIMO types for periodic and aperiodic CSI reporting
· eMIMO type A can be configured for periodic CSI reporting

· eMIMO type B can be configured for aperiodic CSI reporting

Aperiopdic CSI reporting 

For aperiodic CSI report it is proposed to support Alt 2 in LTE, where UE report all CSI information to the eNB, where in each CSI report UE would be required to update CSI for only one eMIMO types, e.g. corresponding to CSI with CSI reference resource that was not updated by the most recent CSI report. The proposed approach provide the most “fresh” CSI information to the gNB and has higher robustness to the possible CSI misdetection at the eNB side comparing to Alt 1, where the possible errors in the received CSI Class A eMIMO type may have more significant impact on the overall system efficiency. 
Proposal:

· For aperiodic CSI feedback LTE should support CSI reporting of both eMIMO-Types, but the UE is only required to update CSI for one of the two eMIMO-Types, e.g. corresponding to CSI with CSI reference resource that was not updated by the most recent CSI report
3 Summary

In this contribution we provide our views regarding the possible approaches of supporting hybrid CSI reporting. Based on the discussion the following proposal was made:
· Hybrid CSI reporting should be supported in LTE by allowing different configuration of eMIMO types for periodic and aperiodic CSI reporting
· eMIMO type A can be configured for periodic CSI reporting

· eMIMO type B can be configured for aperiodic CSI reporting

· For aperiodic CSI feedback LTE should support CSI reporting of both eMIMO-Types, but the UE is only required to update CSI for one of the two eMIMO-Types, e.g. corresponding to CSI with CSI reference resource that was not updated by the most recent CSI report
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