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1. Introduction

In RAN1#82 meeting, following agreements are made regarding Class B CSI reporting and related parameters for each of identified alternative schemes:
	Agreements:

· CSI reporting with PMI
· 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. (if CSI measurement restriction is supported, it is always configured)

· 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

· Study further for CSI measurement restriction

Agreements:
· For alternatives 1, 2, 3, and 4 of CSI reporting class B,

· 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.

· For Alt.2, two possible schemes:

· UE reports L port CSI assuming L = sum(Nk) for all k; 

· UE reports L port CSI where K is always equal to 1 (L = N1)

· For Alt.3, UE reports L port CSI assuming either one of the followings

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

· For Alt.4, UE reports L port CSI assuming L = Nk


In this contribution, we further discuss how to down-select/merge the identified 4 alternative schemes in order to exploit efficient Class B CSI reporting operations supported by specification with sufficient flexibilities in network implementation.

2. Proposed merged operation for Class B CSI reporting
Among the identified 4 alternatives, both Alt.1 and Alt.3 have a similar operational purpose, where K>1 is generally considered so that the UE selects at least one preferred beamformed CSI-RS resource out of the total K CSI-RS resources configured in the CSI process with Class B. For such selection feedback, Alt.1 is based on beam indicator (BI) reporting, whereas Alt.3 is based on selection codebook based reporting. Since Rel-13 is to focus on a single beamformed CSI-RS resource selection due to the limited time frame, it seems sufficient to take Alt.1 as a simple form of the selection feedback. In next releases, it is desirable to further investigate extension cases of selecting more than one CSI-RS resource to obtain vertical rank larger than 1, and in this case, Alt.3 based selection codebook structure may be more appropriate.
Observation 1: Between Alt.1 and Alt.3, it seems sufficient to take Alt.1 as a simple form of the selection feedback, considering Rel-13 is to focus on a single beamformed CSI-RS resource selection.

Alt.2 has a different motivation from Alt.1 or Alt.3, in that Alt.2 can rely on only short-term W2 feedback from UE, where it can be interpreted that W1 beamforming coefficients are pre-applied on the beamformed CSI-RS resource with always K=1 for the CSI process. Regarding such beamforming coefficients, different beam direction can be pre-applied per 2 port pair with different polarization each other, so that UE’s W2 feedback can be utilized at the eNB side as beam selection information as well as co-phasing for the different polarizations. In terms of performance, however, this scheme of Alt.2 is shown to be much sensitive in beam coefficients adaptation frequency compared to Alt.1 based scheme, as presented in our companion contribution [1]. It is mainly due to the fact that Alt.1 is based on CSI-RS resource selection so that both W1 and W2 can be reported by UE on top of a selected CSI-RS resource, whereas the considered scheme of Alt.2 is based on only W2 feedback by UE so that conventional W1 components cannot be accommodated by UE’s CSI feedback.
Observation 2: Alt.2 with only W2 feedback is shown to be much sensitive in beam coefficients adaptation frequency compared to Alt.1 based scheme, since W1 feedback is excluded at UE’s CSI feedback and replaced by eNB implementation.

Alt.4 is for L-port CSI reporting assuming always-on measurement restriction (MR), where the total configured number of ports in the CSI process is also L, meaning K = 1 CSI-RS resource is configured in the CSI process. This scheme of Alt.4 can be very efficiently utilized for beamformed CSI-RS based operations in terms of significant network CSI-RS overhead saving by CSI-RS resource pooling among multiple UEs. More specifically, Alt.4 based CSI process can be configured to UE, and UE’s CSI-RS measurement instance can be controlled by eNB, e.g., by L1 signaling, so that UE’s CSI feedback is performed based on the indicated measurement instance and the other CSI-RS transmitting instances can be re-used for other UEs’ CSI feedback, resulting in significant network overhead reduction. Since different UE-specific beamforming coefficients can be freely applied on the Alt.4 based CSI-RS resource, this scheme of Alt.4 is desired to be supported for efficient beamformed CSI-RS based operations.
Observation 3: Alt.4 with always-on MR is desired to be supported for significant network CSI-RS overhead saving by CSI-RS resource pooling among multiple UEs.

Based on the above observations and analysis for beamformed CSI-RS based schemes, we consider the following operation based on 2 CSI processes configured to UE, as a proposed merged way forward regarding Class B CSI reporting:
· CSI process#1 with Class B based on Alt.1:  K(>1) CSI-RS resources are configured
· eNB periodically transmits the K CSI-RSs. Transmit periodicity can be long, e.g., 50ms, 100ms, etc., demonstrated in [2].
· UE reports BI as well as RI/PMI/CQI on the selected CSI-RS resource.
· Reporting periodicity of BI can be much longer than CSI, as shown in [2].
· The reported BI is utilized for transmitting CSI-RS associated with CSI process#2.
· CSI process#2 with Class B based on Alt.4:  K=1 CSI-RS resource is configured
· eNB applies UE-specific beamforming coefficients on the transmitting CSI-RS by using the above reported BI, at a single measurement subframe triggered to the UE.
· UE reports RI/PMI/CQI based on the indicated single measurement subframe.
· Following this operation, the configured CSI-RS resource can be re-used among multiple UEs, where applied beamforming coefficients can be freely chosen by eNB at each CSI-RS transmitting instance.
More elaborations on the proposed merged operation for Class B CSI reporting can be found in our companion contribution [2], and the corresponding performance benefits are presented by non-full buffer simulations.
Proposal 1: A merged operation between Alt.1 with BI feedback and Alt.4 with a single subframe measurement restriction is supported in Rel-13.

3. Conclusion
In this contribution, we discussed how to down-select/merge the identified 4 alternative schemes for Class B CSI reporting. The observations and proposal based on the discussion are given as follow:
Observation 1: Between Alt.1 and Alt.3, it seems sufficient to take Alt.1 as a simple form of the selection feedback, considering Rel-13 is to focus on a single beamformed CSI-RS resource selection.

Observation 2: Alt.2 with only W2 feedback is shown to be much sensitive in beam coefficients adaptation frequency compared to Alt.1 based scheme, since W1 feedback is excluded at UE’s CSI feedback and replaced by eNB implementation.

Observation 3: Alt.4 with always-on MR is desired to be supported for significant network CSI-RS overhead saving by CSI-RS resource pooling among multiple UEs.

Proposal 1: A merged operation between Alt.1 with BI feedback and Alt.4 with a single subframe measurement restriction is supported in Rel-13.
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