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In RAN1#82, it was decided that a CSI process can be configured with either of two CSI reporting classes, A or B. With CSI reporting class B, a UE reports L-port CSI assuming one of the four alternatives below [1]:
· 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)
In the last RAN1 meeting, following agreement was also made [1]:
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. 
· Other aspects not precluded 
This contribution discusses BI and PMI reporting for class B CSI reporting. We will first clarify the definition of BI and the required specification enhancements to support BI reporting. The proposals in this contribution are made assuming the proposed class B mechanism in [2] with K>1.
BI for class B CSI reporting with K>1
BI definition
Since class B Alt-1 can cover various operation scenarios with BF CSI-RS, there had been plenty of discussions on class B Alt-1 in RAN1#82. In class B Alt-1, eNB can configure K≥1 CSI-RS resource(s) for a UE. When K>1, UE can report an index of the most preferred CSI-RS resource (associated with one “macro-beam” [2]) represented by the value of BI. Here, the CSI of the preferred CSI-RS resource can be calculated based on a legacy Rel.12 codebook. 
Vertical sectorization is an exemplary scenario for the above. For instance, the eNB can configure three CSI-RS resources, i.e. K=3, whose CSI-RS ports are beamformed to low, medium, and high elevation angles, respectively. Let us assume that each CSI-RS resource is composed of 4-port CSI-RS, i.e. N1=N2=N3=4, and the CSI-RS resources with low, medium, and high elevation tilting angles are indicated by BI=0, BI=1, and BI=2, respectively. In this case if the UE prefers the CSI-RS resource beamformed to the medium elevation angle, the UE will calculate and report CSI based on the legacy 4Tx codebook and report BI=1 and the CSI corresponding to BI=1.
To fully define BI for Rel.13, we need to discuss about how to configure K and Nk for class B CSI reporting while taking UE complexity/capability into account. Thus, given that Rel.13 supports at most 16 ports in a CSI process with class A reporting, a maximum of 8 CSI-RS resources can be configured with each resource consisting of 2 CSI-RS ports. This results in the same CSI-RS RE overhead for both class A and B reportings. On the other hand, we should carefully address whether it is feasible to configure 8 CSI-RS resources when each resource contains more than 2 CSI-RS ports. Considering UE complexity, we believe that it will be beneficial to restrict K according to a certain baseline such as total number of configured number of CSI-RS ports in a CSI process. This total number can be made dependent upon UE capability.
Based on the discussions above, following proposals are made.

Proposal 1: Value K is configured to the UE where K ≥ 1, representing K beams
· K={1, 2, ..., 8} conditioned upon N1+…+NK ≤ NTOTAL
· NTOTAL is FSS (e.g. dependent on UE capability)
· For each of the K beams, a value Nk={2, 4, 8} is configured as one Rel.12 NZP CSI-RS resource
Proposal 2: BI feedback is included in CSI report to select one out of K beams. For the selected beam k=k’, CSI reporting is done based on legacy Rel.12 codebook for Nk’ ports

Since BI is a new CSI parameter, its relationship with other existing CSI parameters (CQI, PMI, and RI) may need to be defined when class B CSI reporting is used. For PUSCH-based A-CSI reporting, BI can be included (together with RI, PMI, and CQI of the preferred CSI-RS resource) in any requested CSI reporting since its additional overhead is relatively small [4]. For PUCCH-based P-CSI reporting,   a set of priority rules governing the relationship between BI and other CSI parameters is needed. In particular, when BI collides with another CSI parameter or other UCI parameters (such as SR or HARQ-ACK), some rules need to be specified. 
In the legacy CSI reporting, meaning of the first PMI can be determined based on the last reported RI. Similarly, meaning of the second PMI can be decided based on the last reported RI and first PMI. Based on this relationship, the following three options of priority rule are available for BI (where the highest priority is assigned to the first on the list):
· Option 1: BI – RI – first PMI – second PMI 
· Option 2: RI – BI – first PMI – second PMI 
· Option 3: RI – first PMI – BI – second PMI 
Given that “beam selection” (whenever applicable) constitutes a selection of a CSI-RS resource from a set of resources, option 3 can be ruled out. Option 2 is not a good alternative for BI reporting. In class B CSI reporting, differences between CSI-RS beam directions for each CSI-RS resources or even for each CSI-RS ports can be significantly large. Therefore, it is hard to expect same RI values for different CSI-RS resources or different subsets of CSI-RS ports as represented in option 2. Moreover, if the numbers of CSI-RS ports for different CSI-RS resources are different, maximum rank will be different for different CSI-RS resources. Consequently, option 1 is the most natural priority rule for BI reporting. In other words, BI will be a long term and wideband reporting and assigned a higher priority over the existing CSI parameters.
Other than the fact that beam selection is based on long-term channel characteristics, UE complexity can be another reason for wideband reporting of BI. With wideband BI, UE may reduce computational burden at certain reporting instances. In this case, UE may calculate CSI from the CSI-RS resource indicated by the most recently reported BI during reporting instances for first or second PMIs. 

Proposal 3: RAN1 may design BI as a long term and wideband reporting

Since several features such as CA and CoMP can result in collision between several CSI reporting instances, the current specification defines prioritization between reporting components. As we discussed above, since BI is used to select CSI-RS resource, it is obvious that priority of BI should be higher or equal to that of RI. Therefore, it would be beneficial to set higher priority for BI than that for RI.

Proposal 4: BI has the highest priority in class B CSI reporting (K>1).

When BI is dropped because of the collision, the following RI, CQI, and PMI(s) can be generated/reported by assuming either a predetermined BI or the most recently reported BI. For the first alternative, BI can be predetermined by following two options.
· Option 1: The predetermined BI can be signaled by higher layer
· Option 2: The predetermined BI can be a default index (e.g. lowest CSI-RS resource index)

Proposal 5: When BI is dropped because of the collision, the following RI, CQI, and PMI(s) can be generated and reported by assuming either a predetermined BI or the most recently reported BI. 

Required specification enhancements on BI reporting
As we discussed in the previous section, option 1 is most preferred for BI reporting. In option 1, we have two alternatives to report BI based on PUCCH. The first alternative is to use distinct reporting instances for BI reporting. In this case, the reporting periodicity of BI can be determined as a multiple of RI reporting periodicity. The subframe offset of BI can also be configured based on the subframe offset of RI. The second alternative is to encode BI and RI jointly and use the legacy RI reporting instance. In this case, we do not need to specify new reporting instance for BI. For the second alternative, however, how to perform joint encoding between BI and RI should be carefully addressed since joint encoding with RI may affect RI coverage that is related with decoding of first and second PMIs. Note that the second alternative does not rule out the possibility of reporting BI less frequently compared to RI. But whenever BI is reported, it is always reported in the same reporting instance as RI.

Proposal 6: In PUCCH reporting, BI can be reported at its own reporting instances or can be jointly reported with RI and reported at the legacy RI reporting instances. 
· Periodicity of BI reporting is a multiple of the corresponding RI reporting periodicity
· How to perform joint encoding between BI and RI is FFS.

Conclusions
In this contribution, we discussed remaining issues on BI and PMI reporting for class B CSI reporting. Based on the discussion, following proposals are drawn:
Proposal 1: Value K is configured to the UE where K ≥ 1, representing K beams
· K={1, 2, ..., 8} conditioned upon N1+…+NK ≤ NTOTAL
· NTOTAL is FSS (e.g. dependent on UE capability) 
· For each of the K beams, a value Nk={2, 4, 8} is configured as one Rel.12 NZP CSI-RS resource
Proposal 2: BI feedback is included in CSI report to select one out of K beams. For the selected beam k=k’, CSI reporting is done based on legacy Rel.12 codebook for Nk’ ports
Proposal 3: RAN1 may design BI as a long term and wideband reporting
Proposal 4: BI has the highest priority in class B CSI reporting.
Proposal 5: When BI is dropped because of the collision, the following RI, CQI, and PMI(s) can be generated and reported by assuming either a predetermined BI or the most recently reported BI. 
Proposal 6: In PUCCH reporting, BI can be reported at its own reporting instances or can be jointly reported with RI and reported at the legacy RI reporting instances. 
· Periodicity of BI reporting is a multiple of the corresponding RI reporting periodicity
· How to perform joint encoding between BI and RI is FFS.
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