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Introduction
It was agreed in the last meeting to standardized CSI reporting class A and class B for EB/FD-MIMO.

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

CSI reporting class B is used to support beamformed CSI-RS which has been extensively studied in the SI phase and proven to provide superior system performance. Beamformed CSI-RS is applicable to a wide range of deployment scenarios, different TXRU/antenna configurations, and more importantly provides a flexible and future proof framework for future massive MIMO enhancements. For Class B CSI reporting, the following were also agreed in RAN1#82 regarding CSI-RS configuration and CSI reporting details. 
Agreements:
· A CSI process is associated with K CSI-RS resources/configurations (per definition in 36.211), with Nk ports for the kth CSI-RS resource (K could be >=1)

· Note: it is up to RAN2 to design the signaling configuration structure to support the above association

· Maximum value of K is FFS

· Maximum total number of CSI-RS ports in one CSI process 
· For CSI reporting class A, the Maximum total number of CSI-RS ports is 16

· FFS the maximum total number of CSI-RS ports in one CSI process is for CSI reporting class B

· For the purpose of RRC configuration of CSI-RS resource/configuration

· For CSI reporting Class A, RAN1 will choose one of the alternatives 

· Alt.1: CSI-RS resource/configuration with Nk: =12/16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1). 

· Alt.2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)

· FFS on the schemes for aggregation and port indexing

· FFS between fixed or configurable value(s) for Nk

· For CSI reporting class B, FFS for details

· Note: It is possible to extend the value of Nk: in future releases

· FFS by RAN1 on the configuration restriction of using same CSI-RS resource/configuration parameters within one CSI process (e.g. Nk , Pc, CSR, scrambling ID, subframe config., etc.) 

· FFS on the QCL on CSI-RS ports

Agreements:
· Study the following aspects for CSI-process reporting class B,  including but not limited to 

· Number of antenna ports L for CSI (e.g., 2, 4, 8)

· Class B Alt-1:

· Beam selection indicator (BI) definition, e.g. RSRP or CSI based, wideband vs. subband, short-term vs. long-term

· BI bitwidth (related to K)

· Support for rank>2 UE specific beamforming

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-2:

· Codebook for beam selection and co-phasing  (either derived from legacy codebook(s) or codebook components, or newly designed)

· Along with the associated PMI (e.g. assuming W = W2 in the newly designed or legacy codebook) 

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-3: 

· Codebook for beam selection and CSI 

· PMI contains the information of selected beam and the precoding matrix for the L-port within the selected beam

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-4:
· Measurement restriction mechanism; may be also applicable to Alt-1 to 3. 

In this contribution we discuss the remaining issues on beam selection indicator (BI) report for CSI reporting class B. 

Discussion
It has been observed that the system performance of cell-specific CSI-RS is optimized with K = 4 or K = 8 CSI-RS resources configured. Further increasing K beyond 8 degrades the performance due to higher CSI-RS overhead. Considering eNB scheduling flexibility and future proofness, a maximum value of K (i.e. Kmax) equaling 8 seems appropriate for Rel.13. 
Proposal: Adopt Kmax = 8 in Rel.13 

Most FD-MIMO features are expected to be optional and require some UE capability signaling. This also applies to Kmax where different UE may indicate different number of maximum CSI-RS resources it can support for beamformed CSI-RS. After receiving the UE capability signaling, the eNB should not configure more CSI-RS resources beyond the UE capability. The actual number of CSI-RS resources K that the eNB can configure for a UE can be anywhere between 1 and the UE-specific Kmax. 

BI feedback payload has two possibilities. Firstly it is possible that the BI payload is dependent on the actual number of CSI-RS resources (K) configured for the UE. This is similar to the current RI design where the RI payload depends on the range of possible RI values. Alternatively, BI payload can be fixed to 3-bits regardless of K. The benefit is simpler PUCCH/PUSCH implementation; however the flip side is reduced BI coverage in some scenarios. These two options can be further discussed considering the tradeoff of implementation variations, performance and specification efforts.
Proposal: Study if BI payload should be fixed to 3-bits or vary as a function of K.

As for BI granularity in the time domain, it has been observed that BI feedback periodicity of 10ms and 500ms has negligible performance loss (c.f. [8]). Hence a long-term BI feedback appears sufficient in the Rel.13 timeframe. As for the frequency granularity, a wideband BI feedback appears appropriate as BI depends on the large-scale signal quality and we have not seen any simulation results to prove the need of frequency-selective BI. 
Proposal:  BI feedback can be long-term and wideband. 
Regarding the UE algorithms for deriving BI report, in our view this should be left to UE implementation, similar to RI. For instance it is possible for UE to select BI based on maximum throughput utilizing the short-term CSI of each CSI-RS resource toward a hypothetical PDSCH transmission. Alternatively it’s possible to select BI based on the long-term RSRP, where for each CSI-RS the RSRP used for BI selection can be either based on port 15 or measured on all CSI-RS ports. However the exact UE implementation can be left to UE vendors. RAN4 should define suitable test cases to ensure BI feedback accuracy in the future performance stage. 
Proposal:  How to derive BI (e.g. based on CSI or RSRP) is left to UE implementation; RAN4 can define proper test cases to ensure BI feedback performance. 

Based on the configured K CSI-RS resources, UE can report one or multiple BIs for DL transmission. The potential benefits of multiple beams report can be summarized in the following
· With multiple BIs and corresponding CSI, eNB can use multiple beams for DL transmission. Typically, high rank transmission in vertical dimension can be supported.

· eNB can restrict the interference among UEs, e.g. reduce the interference to neighboring UEs/cell via using a suboptimal beam.

Considering polarization antenna array is only applied to horizontal dimension,  if at most two layers transmission is assumed for one UE, it is more likely that rank=2 is coming from the two polarization in horizontal dimension. Then feedback of multiple beams in vertical dimension is not expected to provide benefits. According to the evaluation in [7], support of multiple beams in vertical dimension can only provide negligible performance gain for non-precoded CSI-RS. The same conclusion is expected for beamformed CSI-RS considering similar two dimension precoding is used for the two schemes. Also, it is unclear whether multiple BIs can help for interference restriction in eNB, since there would be only few UEs multiplexed in the same resource with FTP traffic. Considering the UL feedback overhead would linearly increase with increased number of report BIs (and CSI), it is reasonable to support only single BI for one CSI-process in Rel-13. 

Proposal: Single BI report is sufficient for one CSI-process in Rel-13.

Conclusions

In this contribution we discussed several remaining issues of BI feedback for elevation beamforming. Our proposal is summarized in the following. 
Proposal:
· Considering system performance and future proofness, adopt Kmax = 8 in Rel.13 
· Discuss if BI payload should be fixed to 3-bits or vary as a function of K.
· BI feedback can be long-term and wideband. 
· How to derive BI (e.g. based on CSI or RSRP) is left to UE implementation; RAN4 can define proper test cases to ensure BI feedback performance. 

· Single BI report is sufficient for one CSI-process in Rel-13.
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