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1. Introduction

For Elevation Beamforming/Full-Dimension (FD) MIM, there are two CSI-RS and feedback enhancement schemes, They are non-precoded CSI-RS(NP CSI-RS )  and  beamformed CSI-RS (BF CSI-RS ). In RAN1#82  meeting, CSI for reporting with PMI, the agreement has been reached in [1][2] on two CSI reporting classes configured in a CSI process:
· A CSI process can be configured with either of two CSI reporting classes, A or B (FFS: both A and B): 

· Class A, UE reports CSI according to W=W1W2 codebook based on {[8],12,16} CSI-RS ports

· Class B: UE reports L port CSI assuming one of the four alternatives below

· Alt.1: Indicator for beam selection and L-port CQI/PMI/RI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· Alt.2: L-port precoder from a codebook reflecting both beam selection(s) and co-phasing across two polarizations jointly. Total configured number of ports in the CSI process is L.

· Alt.3: Codebook reflecting beam selection and L-port CSI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· Alt.4: L-port CQI/PMI/RI. Total configured number of ports in the CSI process is L. 

· Note: A “beam selection” (whenever applicable) constitutes either a selection of a subset of antenna ports within a single CSI-RS resource or a selection of a CSI-RS resource from a set of resources

· Note: The reported CSI may be an extension of Rel.12 L-port CSI

· Details such as possible values of L are FFS

· Further down-selection/merging of the four alternatives is FFS

In this contribution, the above four alternatives for Class B CSI reporting are discussed.    Our views are provided following the analysis.
2. L-port CSI reporting for Class B
Class B CSI reporting is mainly designed for beamformed CSI-RS based schemes.  As discussed in [7], beamformed CSI-RS can be categorized to three types - Cell specific periodic beamformed CSI-RS, UE specific periodic beamformed CSI-RS and UE specific aperiodic CSI-RS.   If beam selection is done in UE during CSI reporting, there are K beams 
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corresponding to K CSI-RS resources.  Therefore, total number of ports is 
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  where Nk is the number of ports per the kth CSI-RS.  If beam selection is done at eNB through channel reciprocity or CSI-RSRP from DRS measurement,  beam selection during the CSI reporting is not needed.  Here we discuss the four alternatives based considering these schemes.
· Alt.1: Indicator for beam selection and L-port CQI/PMI/RI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· In this alternative, beam selection can be done based on CSI-RSRP or CSI based on K CSI-RS resources.  
· Depending on the design, the beam selection can be done in wideband or subband.  We prefer to support subband beam selection at least in aperiodic CSI feedback.
· This approach has higher flexibility to design how beam selection is fed back.  It does not need to tie to W1 or W2 feedback.
· After the beam-selection, the L port CSI can be measured based on the selected beam and legacy codebook.   i.e. RI/CQI/PMI can be derived following the legacy approach in Rel-13.  It's FFS to design a new codebook for beamformed CSI-RS and RI derivation in Rel-14.
· To better support UE specific beamformed CSI-RS scheme [5], port level Pc to each beamformed CSI-RS can be introduced as described in [6].
· Alt.2: L-port precoder from a codebook reflecting both beam selection(s) and co-phasing across two polarizations jointly. Total configured number of ports in the CSI process is L.

· This alternative only feeds back co-phasing besides beam selection.  

· The description of this alternative does not mandate the beam selection can be done in wideband or subband.  

· One of the approaches is to use W2 to do the beam selection and co-phasing based on the format of 
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 beam selection vector ,
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 is the co-phasing between two polarizations.  For this approach K can be equal to 1 and 
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.   For this approach the beam selection can be done in subband since it is fed back along with W2.
· Alt.3: Codebook reflecting beam selection and L-port CSI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· In this alternative, beam selection is done by codebook like Alt.2.  The difference of Alt3 from Alt 2 is to include CSI feedback of selected beam.   i.e. PMI contains the information of selected beam and the precoding matrix for the L-port within the selected beam.  Hence  PMI information contains more than co-phasing.  
· L-port CSI for the selected beam can be based on legacy codebook similar to Alt1. 
· The description of this alternative does not mandate the beam selection can be done in wideband or subband.   It depends on whether the PMI containing the beam selection corresponds to W1 or W2.

· Alt.4: L-port CQI/PMI/RI. Total configured number of ports in the CSI process is L. 

· This alternative does not have beam selection.  The only difference from the legacy CSI reporting can be just whether measurement restriction is applied.  Therefore, it is more for UE-specific beamformed CSI-RS based schemes.
· This alternative can be based on legacy codebook.  
· It can be also used for TDD case where beam selection and PMI is obtained from channel reciprocity.  
Based on the above analysis,  four alternatives are summarized as the table below. 
	
	Alt1
	Alt2
	Alt3
	Alt4

	Beam selection
	BI based
	Codebook based 
	Codebook based
	N/A

	CSI feedback other than co-phasing
	Yes
	No
	Yes
	Yes

	Codebook Dimension Nk
	<=Nk
	Sum(Nk)
	<=Nk
	Nk

	Potential standardization Impact
	BI feedback
	Codebook design for beam selection and co-phasing
	Codebook design for beam selection
	MR


First, measurement restriction MR should be supported regardless which alternative is adapted considering the benefits mentioned in [6].  We see Alt 4 is the special case of the other alternatives where there is no beam selection.  It is good for UE specific case when the beam selection is an implementation issue.   So support of Alt 4 is necessary regardless which of Alt1-3 is adopted.  Alt2 only CSI feedback can be only considered as a special case.   It is desirable to feed back regular CSI other than just co-phasing.  Between Alt1 and Alt3, Alt1 gives better flexibility on how beam selection is fed back.   The difference on standardization impact is just to design BI feedback or design a new codebook for beam selection which is not big in our view.   Therefore, we prefer Alt1 considering 

Proposal 1: Alt.1 i.e. Indicator for beam selection and L-port CQI/PMI/RI for the selected beam is adopted.

Proposal 2: Alt.4 is supported as a special case of Alt.1 without beam selection 
The agreement [1] regarding meaning of L in Alt.1 is as follows:

· Nk ( {1,2,4,8}

· For Alt.1, UE reports L port CSI assuming either one of the followings

· L = Nk
· L (<= Nk) which can be configured or fixed in spec.

L=Nk applies to the scenario in which each beamformed CSI-RS corresponds to Nk -port CSI-RS resource.  For L (<= Nk), one of the use cases is the TDD case in which port level beam selection is required  as described in [8].  In such case, it is desirable to support L<Nk as it is desirable to put two beams in one 2-port CSI-RS.   L depends on the rank.  i.e. L=1 in rank1 case.  Whether port-level beam selection/measurement can be configurable.  

Proposal 3:  L (<= Nk)   is supported for port-level beam selection/measurement
3. Conclusion
This contribution discusses the alternatives of supporting class B reporting.  Based on our analysis, we have the following proposals:
Proposal 1: Alt.1 i.e. Indicator for beam selection and L-port CQI/PMI/RI for the selected beam is adopted.

Proposal 2: Alt.4 is supported as a special case of Alt.1 without beam selection 

Proposal 3:  L (<= Nk)   is supported for port-level beam selection/measurement
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