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1. Introduction
In RAN #82, there was extensive discussion on Class B CSI reporting schemes for EB/FD-MIMO, and 4 alternatives for CSI reporting with PMI were made as agreements [1]:
	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 4 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 4 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, those 4 alternatives are compared in detail, and we provide our view on which alternative is preferred in terms of CSI-RS overhead, CSI feedback overhead, and BF CSI-RS operation.
2. Discussion
Class B CSI reporting is used for beamformed CSI-RS operation, and 4 alternatives were listed in RAN #82. In the following, we further discuss 4 alternatives, and then which alternative is preferred will be provided.
Alt. 1: 
UE reports beam selection indicator (BI) and L-port CQI/PMI/RI for the selected beam, and total configured number of ports across all CSI-RS resources in the CSI process is larger than L. For L=Nk, therefore, a BF CSI-RS resource, where all CSI-RS ports therein is transmitted within a beam, is defined by a CSI-RS resource itself, so it is beneficial  that CSI computation for a given beam can be performed in the same manner as legacy. For this case, it is preferred to set Nk=Nl to avoid ambiguity in CSI reporting payload size depending on the number of ports of the selected beam. On the other hand, for L<=Nk, a CSI resource can be configured with multiple BF CSI-RS resources, which means that CSI-RS ports in a CSI resource can be transmitted within different beams. In order to distinguish which CSI-RS ports are within a particular beam, there needs additional RRC signalling for CSI process or CSI-RS resource configuration. For L<=Nk, the size of all BF CSI-RS resources configured needs to be identical with the same reason for L=Nk. But this may need change in UE assumption for CQI computation in the CSI reference resource. It seems that L=Nk is simpler than L<=Nk since RRC parameters related to CSI-RS beam can be configured per CSI-RS resource for that CSI-RS beam and the legacy CQI computation can be readily applied for a given beam. Therefore, support of only L=Nk is preferred. Alt. 1 can be used for both cell-specific and UE-specific beamformed CSI-RS operations. In case of cell-specific BF CSI-RS, each beam can be corresponding to a virtual sector, and each beam (or virtual sector) can have up to 8 CSI-RS ports. For cell-specific BF CSI-Rs, it is preferred that frequency granularity of BI is set to wideband. For UE-specific BF CSI-RS, frequency granularity of BI can be either wideband or subband.
Alt. 2:
This alternative requires L-port precoder from a codebook reflecting both beam selection(s) and co-phasing across two polarizations jointly. It does not need reporting PMI for precoding on the selected CSI-RS ports, so CSI-RS beam needs to be narrow enough for a given number of TXRUs to exploit EB/FD-MIMO gain. Thus, UE-specific beamformed CSI-RS seems more effective than cell-specific beamformed CSI-RS, and a CSI-RS port can be associated with a particular beam. There are two options for L: L=sum(Nk) and L=N1. For L=sum(Nk), it seems to be beneficial for reusing CSI-RS resource among multiple UEs (i.e. UE-group specific beamforming) to reduce CSI-RS overhead. But this may need port indexing to exploit codebook properly. For L=N1, it has less RRC signalling overhead for CSI-RS resource configuration compared to L=sum(Nk), but it would be less flexible to reuse CSI-RS resource among multiple UEs. The number of selected beams is depending on RI, and second PMI of Rel-10 8-Tx codebook allows maximum 4 candidate beams. The legacy codebook cannot support the case for other than 4 candidate beams, and there needs study how to support that case. In difference with BI, the legacy codebook based beam selection would not enumerate all the combinations of selected beams, so whether to introduce new codebook or not needs to be studied. It is desired that frequency granularity of BI needs to be supported by wideband and/or subband depending on UL control overhead in the system. Alt. 2 can have less CSI-RS overhead and less computational complexity for CSI calculation compared to Alt. 1 and Alt. 3, and UE-specific BF CSI-RS operation seems more proper for this alternative.
Alt. 3:
This alternative is similar to Alt. 1 except that BI is not explicitly reported but codebook is used for beam selection reporting. Therefore, PMI would be decomposed into three types (i.e. i11, i21, and i22) under dual codebook structure where i11 is first PMI for vertical/horizontal domain precoding as GoB indication, i21 is second PMI for vertical/horizontal domain precoding as beam selection and co-phasing, and i22 is second PMI for horizontal/vertical beam selection. Such three types of PMI can be reported without merging, or second PMI for vertical/horizontal domain precoding and second PMI for horizontal/vertical beam selection can be merged into a single second PMI. If the vertical beam selection needs to be reported less frequently than the horizontal domain precoding, then the former would be desirable. Since beam selection function is defined for Rel-10 8-Tx codebook and Rel-12 4-Tx codebook and a single beam (for rank 1) would be selected out of 4 beams, the (maximum) number of CSI-RS beams need to be set to 4. Also, legacy codebook may not be suitable due to unnecessary overhead in case that co-phasing is not needed. This makes CSI-RS configuration less flexible, so additional codebooks need to be defined for other number of given CSI-RS beams. Regarding the number of ports, L, there is nothing to be noted compared to Alt. 1. Like Alt. 1, this is also used for cell-specific and UE-specific beamformed CSI-RS operation.
Alt. 4:
This is similar to the legacy operation except that BF CSI-RS is used and measurement restriction (MR) is always enabled if supported. L(=N1) ports are transmitted within the same beam, and compared to other alternatives, this may requires less RRC signalling overhead, CSI-RS overhead, and CSI reporting overhead due to configuring a single beam. A beamformer applied to CSI-RS can be UE-specifically determined by eNB based on CSI-RSRP or reciprocity, or cell-specific beam can be applied. Since a single CSI-RS beam is transmitted, this may be less robust to beamforming error especially for FDD. For large number of TXRUs, this operation may not guarantee EB/FD-MIMO gain due to such beamforming error. But the operation would be simple and no modification is expected for CQI computation except for MR.
From the discussion, the follow proposals are suggested for Class B CSI reporting.
Proposal: If at least cell-specific beamformed CSI-RS is supported, choose Alt. 1 or merge Alt. 1 and Alt. 2 for Class B CSI reporting. Otherwise, choose Alt. 2.
Proposal: If Alt. 1 or Alt. 3 is down-selected, then L=Nk is preferred. In that case, all the CSI-RS ports in a CSI-RS resource shall be assumed to be within the same beam.
3. Conclusion
In this contribution, we have discussed Class B CSI reporting schemes and MR scheme for the preferred reporting schemes. From the discussion, we suggest the following proposals:
Proposal: If at least cell-specific beamformed CSI-RS is supported, choose Alt. 1 or merge Alt. 1 and Alt. 2 for Class B CSI reporting. Otherwise, choose Alt. 2.
Proposal: If Alt. 1 or Alt. 3 is down-selected, then L=Nk is preferred. In that case, all the CSI-RS ports in a CSI-RS resource shall be assumed to be within the same beam.
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