[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #86bis                                                                            R1-1610034
Lisbon, Portugal 10th - 14th October 2016

Source:	NTT DOCOMO
Title:	CSI Reporting for Hybrid CSI-RS
[bookmark: Source]Agenda Item:	8.1.4.1
[bookmark: DocumentFor]Document for: 	Discussion
Introduction
At the RAN1 #86 meeting, there were intensive discussions on CSI reporting for hybrid CSI-RS especially on further details on hybrid scheme mechanism 1, i.e., class A + B (K=1), and additional mechanisms [1]. Several agreements were reached as follows. In this contribution, we discuss further details on CSI reporting mechanism for hybrid CSI reporting.
	Agreement
· Confirm the working assumption of hybrid CSI
· Further details on Mechanism 1 
· Reporting content
· For the 1st eMIMO-Type (CLASS A), i1(1) and x-bit RI(1) are reported, while CQI(1) and i2(1) are not reported
· If UE supports up to 2 layers, x=0
· If UE supports up to 8 layer, x=1 where RI(1)={1, 3}
· For the 2nd eMIMO-Type (CLASS B K=1), CQI(2), PMI(2), RI(2) are reported 
· Note: Superscript (y) represents the y-th eMIMO-Type, where y=1,2. 
· FFS: Option for one eMIMO-Type to inherit RI reporting from another eMIMO-Type
· Working assumption: No inter-dependence between CSI calculations across two eMIMO-Types
· Reuse legacy CSI reporting mechanisms with the following refinement
· For PUCCH-based P-CSI
· Report i1(1) and RI(1)  in one subframe
· FFS: Using either PUCCH format 2 or 3
· Periodicity of the CSI of 1st eMIMO-Type is an integer multiple of RI(2) periodicity of the 2nd eMIMO-Type. 
· Subframe offset of the 1st eMIMO-Type is defined relative to RI(2) subframe offset of the 2nd eMIMO-Type. 
· FFS: Whether subframe offset of the 1st eMIMO-Type can be fixed to 0
· Priority rule for collision handling is FFS. 
· For PUSCH-based A-CSI
· FFS: what CSI(s) will be reported from UE when aperiodic CSI reporting is triggered
· Option 1: UE reports both CSI of 1st eMIMO-type and CSI of 2nd eMIMO-type.
· Option 2: UE reports either one of the 2 eMIMO-types.
· CSI encoding/mapping mechanisms is FFS.
Conclusion:
· Proposal I: For hybrid CSI with one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, two options
· Option 1: CRI (without CQI/PMI/RI) is reported
· Option 2 (only support K=2): PMI assuming RI=1 for each of the two CSI-RS resources are reported 
· For the 2nd eMIMO-Type
· CQI/PMI/RI are reported
· Working assumption: No interdependence in CQI calculation between 1st and 2nd eMIMO-Types
· FFS: for option 1, dynamic CSI-RS resource configuration for the 2nd eMIMO-Type based on CRI reporting 1st eMIMO-Type. 
· Proposal II:
· Hybrid CSI reporting with eMIMO-Type pairs is supported 
· No restriction on the configuration for 1st and 2nd eMIMO-Types
· UE supports eMIMO-Type pairs
· For TM9, different CSI-RS resources and/or CSI reporting configurations can be used for PUCCH and PUSCH
· UE calculates one CSI report for only one eMIMO-Type of a pair at a time and one eMIMO-Type at a time
· FFS: Define the period of CSI-RS associated with the 1st eMIMO-Type as N times of the period of CSI-RS associated with the 2nd eMIMO-Type, where N>1
· Configurable or fixed value of N needs to be specified
· Whether new dropping rules need to be specified
· Rel-13 CSI process configurations are supported
· A report for either eMIMO-type contains all Rel-13 CSI parameters (CQI/PMI/RI/CRI) 
· Study whether it is possible to simplify a combination, or to down select, between/within proposals I and II


Discussion 
According to the increase in the number of antenna elements (AEs), it is possible to exploit larger beamforming gain. This also means increase in the number of candidate beams and associated overhead of CSI-RS and CSI feedback. In order to address this issue, stepwise CSI acquisition scheme has been discussed since Rel. 13 EBF/FD-MIMO SI. In the hybrid CSI acquisition, generally, coarse and fine CSIs are generally acquired in two steps. It is beneficial for reducing CSI-RS and CSI feedback overhead. Furthermore, CSI acquisition with single CSI process has higher affinity for TM 9 based CSI acquisition. 
Proposal 1: Support hybrid CSI acquisition schemes with single CSI process for the following reasons.
· Reduce overhead for CSI-RS and CSI feedback
· Achieve hybrid CSI acquisition for TM 9 based system
There were two proposals as additional mechanisms raised in the last meeting. Both proposals are designed for 2-step CSI acquisition with rough beam selection and complete CSI. Proposal I (option 1) has been discussed since Rel. 13 LTE [2]. These technologies are achieved by two CSI processes in Rel. 13 LTE further benefits are reached by Rel. 14 hybrid schemes, i.e., overhead reduction, etc. This scheme has the same motivation as mechanism 1 with the difference in how coarse CSI is acquired (class A is used for mechanism 1; class B (K>1) is used for proposal I (option 1). Proposal I (option 2) is a scheme intended for partial port CSI-RS. It reduces CSI-RS overhead for 1st eMIMO-Type while achieving comparable performance as mechanism 1 and can be also considered. But, at the same time, there had concerns on the scheme, since it is very different from other hybrid schemes and some concern was raised on its specification impact. Proposal II allows to have any combination for 1st and 2nd eMIMO-Types. It tries to reduce CSI reporting overhead by allowing only one eMIMO-Type for CSI reporting at a time. It can accommodate many different patterns for hybrid schemes, which was identified in RAN1#85. It can be also supported if clear benefit and use cases are identified.
Proposal 2: Following additional mechanism should be supported.
· Hybrid CSI reporting with one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, CRI is reported
· For the 2nd eMIMO-Type, CQI/PMI/RI are reported
Proposal 3: Proposal II (identified in the last meeting) can be also supported, if clear benefit and use cases are identified.
Summary
In this contribution, we discussed on hybrid CSI reporting for Rel. 14 eFD-MIMO. Based on the discussion, we made the following proposals.
Proposal 1: Support hybrid CSI acquisition schemes with single CSI process for the following reasons.
· Reduce overhead for CSI-RS and CSI feedback
· Achieve hybrid CSI acquisition for TM 9 based system
Proposal 2: Following additional mechanism should be supported.
· Hybrid CSI reporting with one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, CRI is reported
· For the 2nd eMIMO-Type, CQI/PMI/RI are reported
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