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1 Introduction
In the RAN1#82bis two approaches of supporting beam selection for class B CSI reporting were agreed. The first approach for the beam selection relies on the second component of the Class A codebook, i.e. W2. The second approach for the beam selection, relies on the beam index (BI) report that provides the index of the selected beamformed NZP CSI-RS resource for which CSI report is provided. Given that BI is a new type of UCI information, several aspects of BI reporting should be defined including the CSI reporting types for periodic CSI reporting, resource elements mapping and channel coding for BI in case of aperiodic CSI reporting. In this contribution we provide our views on the BI reporting aspects considering both periodic and aperiodic CSI reporting schemes. 
2 Discussion
BI for aperiodic CSI reporting 

UCI reporting on PUSCH uses separate channel coding and resource element mapping for RI and CQI/PMI reports. Support of the separate coding is required to resolve the possible ambiguity on the CQI/PMI payload size that in general case depends on the reported RI value. Given that the CQI/PMI decoding is conditioned on the decoding result of the RI report, the RI reporting is typically made more robust comparing to the CQI/PMI.

For the design of the BI reporting procedures on PUSCH similar issues of the UCI dependency needs to be considered. More specifically, according to the current agreements the number of antenna ports Nk for the K configured NZP CSI-RS resources may be different. In this case, UE which follows the existing procedures for determination of the RI payload size based on the minimum between the number of configured CSI-RS antenna ports and MIMO capability of the UE, may have similar impact of the BI report on the RI payload size (RI bit width). For example, for a given BI the corresponding NZP CSI-RS resource may have the number of antenna ports different from that for another NZP CSI-RS resource corresponding to another BI value. As the result for class B CSI reporting with K > 1 a variable RI payload size may be observed depending on the reported BI value.
Observation:
· For class B CSI reporting with K > 1, BI report may have impact on the bit width of the RI report
If joint coding between BI and RI (or between BI and CQI/PMI) is considered, the ambiguity in the RI report payload may occur and some approaches to resolve it should be considered. For example, the following options may be defined in this case:
· The all configured NZP CSI-RS resources may be restricted in RAN1 specification to have the same number of antenna ports Nk
· The RI report payload size may be determined based on the maximum number of antenna ports across all configured NZP CSI-RS resources and MIMO capability of the UE
By using one of the alternatives above the dependency between BI and RI reporting can be avoided as the RI report bit width is uniquely determined by a single value. In this case joint coding between RI and BI will become feasible. In case the RI bit width is determined by the maximum number of CSI-RS antenna ports, the unused bits in the RI report may be set to the fixed values (e.g. 0) to improve the decoding performance.
Proposal:
· For the alternative with joint coding of RI and BI the dependency of RI payload size from BI should be avoided by using one of the two options: 

· Option 1: The all configured NZP CSI-RS resources may be restricted in RAN1 specification to have the same number of antenna ports Nk
· Option 2: The RI report payload size may be determined based on the maximum number of antenna ports across all configured NZP CSI-RS resources
· The unused bits in the RI report may be set to fixed values (e.g. 0) to improve the decoding performance
If the flexibility of supporting different number of antenna ports Nk per NZP CSI-RS resource within a CSI process is still required and the payload size for the RI needs to be optimized, a separate coding of BI should be considered. Given that reliability of the RI report decoding depends on the result BI decoding, the BI should be encoded using robust coding scheme proving the larger amount of the coded bits for the same payload. 
In Rel-12, the coding rate for CQI/PMI and RI reports are separately controlled by using higher layer signalling of the offset parameters IRI and ICQI. The offset parameters determine the amount of the coded bits allocated for the RI and CQI/PMI transmissions. For a given payload size, the amount of the coded bits has impact on the coding rate and, therefore, the reliability of the transmission. Typically, the offset parameters IRI and ICQI are selected in such way to provide more robust transmission of the RI than CQI/PMI report. For Rel-13 FD-MIMO a new parameter IBI may be defined to control the amount of the coded bits for the BI report. On the other hand, the amount of the coded bits in the BI report may be also determined from the IRI if the channel coding procedures for the BI and RI reports are the same. For example, a fixed relation between IRI and IBI offsets can be established in such way to provide slightly more robust transmission of the BI comparing to the RI report, i.e. IBI=min(12,IRI+Δ), where Δ is some integer value fixed in the specification (e.g. Δ=1).
Proposal:
· For the alternative with separate coding, the number of the coded bits for BI report should be derived based on the  higher layer configured IRI value and  fixed offset
Another approach to control reliability of the transmission relies on the resource element mapping for the corresponding UCI report. For example, In Rel-12 the resource elements used for the RI transmission are placed closer to the uplink DM-RS to provide the additional robustness for the RI transmission to the possible channel estimation errors. Considering this the resource element mapping for BI can be based on the two alternatives:
· BI is mapped to SC-FDMA symbols which are closer to uplink DM-RS than RI. 

· BI is mapped to SC-FDMA symbols which are farther to uplink DM-RS than RI.

. 
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Figure 1: Two alternatives for BI mapping on PUSCH

In the first alternative where the BI report is mapped to SC-FDMA symbols closer to uplink DM-RS than for RI report is following the design principle of UCI reporting on PUSCH, when the more important UCI information is transmitted closer to the DM-RS to reduce the impact of the channel estimation errors. On the other hand this alterative has drawback of the potential impact on the RI performance. Due to the change in the resource element mapping, the additional testing of the RI demodulation performance would be required when BI reporting is configured by the eNB.
Observation:

· The alterative when the BI is mapped to SC-FDMA symbols which are closer to uplink DM-RS than RI is following the design principle of UCI reporting, but may have impact on the RI performance and corresponding eNB tests
It should be noted that in case of NZP CSI-RS resource with 1 antenna port, RI is not transmitted on PUSCH. In this case for the alternative when the BI is mapped to SC-FDMA symbols which are farther to uplink DM-RS than RI, the SC-FDMA symbols of the RI may be used to transmit the BI to provide the additional robustness. On the other hand, this approach has a drawback of the additional processing for the eNB, associated with the blind detection of the resource element mapping for the BI report. So, this alternative may be considered only if the all NZP CSI-RS resource configured for the UE has single antenna port. In this case the resource allocation for the BI report would be uniquely determined by NZP CSI-RS resource configuration. 
Proposal:

· BI should be reported on the same SC-FDMA symbols regardless whether the RI report is present, unless 1 CSI-RS antenna port is used on all NZP CSI-RS resources.
Finally, the channel coding procedure for the BI report may be re-used from the channel coding of the RI, including BI reporting on multiple code words, where BI information is replicated across the code-words before the coding.
Proposal:

· The channel coding procedure for the BI with independent coding should follow the channel coding procedures of the RI for different payload sizes.
BI for periodic CSI reporting
 To support BI reporting on PUCCH a new type (e.g. type 7) of the CSI report should be introduced. This type of CSI should support BI feedback only. Per RAN1#82bis agreements, the periodicity of the BI report is determined by the higher layer configured CRI-Config-Index parameter that indicates the periodicity of the BI report and subframe offset in the units of the RI report periodicity. The RI corresponding to NZP CSI-RS resource with 1 antenna port may not be reported. Similar to aperiodic CSI reporting, the payload size for RI may be determined based on the maximum number of antenna ports across all NZP CSI-RS resources.
It should be noted that RI reporting is not used when the NZP CSI-RS resource is configured with 1 CSI-RS antenna port, therefore, some clarification on the assumed periodicity of the RI reporting would be required. For example, RI-Config-Index may be configured for CSI process regardless of the number of configured NZP CSI-RS resources antenna ports to provide the reference periodicity of the RI reporting. RI corresponding to NZP CSI-RS resource with single antenna port may not be reported in this case.
Proposal:

· BI should be reported using CSI type 7 containing BI only
· The periodicity and subframe offset for the RI should be always configured regardless of the number of antenna ports in NZP CSI-RS resource.
· RI corresponding to NZP CSI-RS resource with single antenna port may not be reported
The reporting periodicity of the BI is expected to be relatively long - multiple periods of the RI report. As a result in some cases, depending on the configuration of the BI offset, there could be long period of time when the BI report will not be provided to the eNB. Instead of skipping the RI and CQI/PMI reporting in the absence of the BI report, the UE may provide the CQI/PMI information for the default NZP CSI-RS resource, e.g. corresponding to the lowest BI value. This behavior is similar to CQI/PMI reporting in the absence of the RI report and should be supported by specification for the BI.
Proposal:

· For the calculation of CQI/PMI conditioned on the last reported BI, in the absence of a last reported BI the UE shall conduct the RI and CQI/PMI calculation conditioned on the lowest possible BI value.
In TM10, the RI-reference CSI process is used to achieve CSI reporting of the same RI across two or more CSI processes. For the RI-reference CSI process and the CSI process several restrictions on the configuration of NZP CSI-RS resource is applied. In case RI-reference CSI process is used for class B CSI reporting with K > 1, these restriction should be extended across all NZP CSI-RS resource configurations to achieve a consistent CSI reporting. For example, all configured NZP CSI-RS resources for a given CSI process should have the same number of NZP CSI-RS resource antenna ports and the same set of the restricted RIs to support CSI reporting with RI-reference CSI process.
Proposal:

· For class B CSI reporting with K > 1, for CSI process and RI-reference CSI process all configured NZP CSI-RS resources for a given CSI process should have the same number of NZP CSI-RS resource antenna ports and the same set of restricted RIs.
3 Summary

In this contribution we provide our views on the BI reporting aspects considering both periodic and aperiodic CSI reporting schemes. 
For aperiodic CSI reporting on PUSCH the following proposals were made:
Proposals:

· For the alternative with joint coding of RI and BI the dependency of RI payload size from BI should be avoided by using one of the two options: 

· Option 1: The all configured NZP CSI-RS resources may be restricted in RAN1 specification to have the same number of antenna ports Nk
· Option 2: The RI report payload size may be determined based on the maximum number of antenna ports across all configured NZP CSI-RS resources
· The unused bits in the RI report may be set to fixed values (e.g. 0) to improve the decoding performance
· For the alternative with separate coding, the number of the coded bits for BI report should be derived based on the  higher layer configured IRI value and  fixed offset
· BI should be reported on the same SC-FDMA symbols regardless whether the RI report is present, unless 1 CSI-RS antenna port is used on all NZP CSI-RS resources.
· The channel coding procedure for the BI with independent coding should follow the channel coding procedures of the RI for different payload sizes.
For periodic CSI reporting on PUCCH the following proposals were made:
Proposals:

· BI should be reported using CSI type 7 containing BI only

· The periodicity and subframe offset for the RI should be always configured regardless of the number of antenna ports in NZP CSI-RS resource.
· RI corresponding to NZP CSI-RS resource with single antenna port may not be reported
· For the calculation of CQI/PMI conditioned on the last reported BI, in the absence of a last reported BI the UE shall conduct the RI and CQI/PMI calculation conditioned on the lowest possible BI value.
· For class B CSI reporting with K > 1, for CSI process and RI-reference CSI process all configured NZP CSI-RS resources for a given CSI process should have the same number of NZP CSI-RS resource antenna ports and the same set of restricted RIs.
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