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1 Introduction
In RAN1#96 meeting [1], the following agreements were achieved on BFR for Scell:
· For SCell BFR, BFRQ shall be conveyed if UE declares beam failure
· UE shall convey new beam information during BFR procedure if new candidate beam RS and corresponding threshold is configured and at least if channel quality of new beam is above or equal to threshold
· FFS: whether no new beam identified could be included as a state of new beam information
· FFS: details if no new beam is above or equal to threshold
· For interference measurement of L1-SINR, down select one of the following in RAN1#96bis
· Alt 1: dedicated ZP IMR 
· Alt 2: dedicated NZP IMR 
· Alt 3: dedicated ZP IMR and dedicated NZP IMR
Companies are encouraged to provide use cases and benefit, e.g. throughput and gNB/UE complexity benefit for different alternatives
· L1-RSRP/CSI based beam selection could be baseline
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· Specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure
· FFS: Whether the information is implicitly derived or explicitly conveyed by the UE
· FFS: Whether new beam information should be included
· FFS: Details on triggering for transmitting BFRQ
· For SCell BFR
· Decide BFRQ solution for BFR on SCell with DL only first, PCell in FR1+FR2
· Above is to facilitate RAN1 discussion but not to prioritize certain scenarios
This contribution is focused on the multi-beam operation.
2 BFRQ information during SCell BFR procedure
It is agreed that specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure. How to send the new beam information is FFS. At least when new candidate beam RS and corresponding threshold is configured, the new beam information of RS index should be reported. Since the threshold is configured, there is little benefit to report a new candidate beam RS below the threshold. However, it happens that no new candidate beam RS can be found. The case of no new beam identified can be treated as a special state to be defined in the new beam information, since a separate signalling design is not preferable.
Proposal 1: Introduce a special state to the new beam information indicating no new beam.
The design of BFR procedure for Scell should consider multiple factors, such as the payload size, the signalling latency, as well as the complexity such as blind detection. Regarding the payload of BFR, there can be up to 15 Scells and each cell may have up to 16 candidate beams. Apparently, the methods for implicitly indicating all 15*16 indices are unacceptable, since it consumes too many resources at Pcell. There are several possible schemes to be considered:
1) CF-RA/dedicated PUCCH for implicit Scell index indication only, and then Msg.2 BFR response schedules for new beam information. The event of beam failure is indicated through the CF-RA/dedicated PUCCH resource itself. In this case, CF-RA is preferred, since the resources for PUCCH to carry implicit information is rather limited. Msg.2 BFR response may trigger a PUSCH to allow UE to report new beam information. New triggering signalling may be specified for new beam information reporting, since Msg.2 BFR response is somehow different from A-CSI report triggering in at least two folds: 1) only new beam RS index is reported;2) the new beam RS index can be ready before receiving the BFR response.
Proposal 2: Support implicit Scell index indication in Msg 1, and BFR-response in Msg 2 to trigger new beam information report.
2) MAC-CE for Scell index and new beam information. This scheme may result in some delay among all the feasible methods. First, a preceding SR should be sent for UL grant in the case of no available UL-SCH. Second, in Rel.15, MAC-CE signalling takes effects after 3ms typically. It suggests that the UE may not expect to start to monitor a BFR response until waiting 3ms. Third, gNB can potentially reschedule a PUSCH conveying the BFR MAC-CE in the case of PUSCH decoding error, and UE can never know when or whether gNB will reschedule the PUSCH. This may lead to some misalignment between UE and gNB. For example, a rescheduling may fall in the BFR response monitoring window. Thus, it may be better to clarify the UE behaviour when PUSCH rescheduling is received during a BFR response monitoring window. 
Proposal 3: Support MAC-CE based BFR for Scell, and the impact of PUSCH retransmission should be considered.
3) Dedicated multi-bit PUCCH for Scell index and also beam information. This method may have some collision issue with other normal PUCCH. If there is overlapping with other normal PUCCH, the multi-PUCCH for Scell BFR may be prioritized instead of multiplexed with other PUCCH to avoid blind detection at gNB. The gNB should be aware that the normal PUCCH may be dropped when overlapping with the occasion of BFR for Scell.
Proposal 4: Support multi-bit PUCCH based BFR for Scell, and the PUCCH collision issues should be considered.
3 L1-SINR beam reporting
In previous meeting, it is agreed that dedicated resource(s) is used for interference measurement. Dedicated resources for interference measurement can better support interference-aware beam measurement in Rel.16. Therefore, it is necessary to explicitly configure both signal and interference part for the beam measurement. Similar to the Rel.15 CSI framework and as a natural extension, a resource setting for channel measurement and one or two resource settings for interference measurement can be configured as the signal and interference part for beam measurement in Rel.16. Moreover, the resource setting can comprise either a set of CSI-RSs or a set of SSBs. Both NZP and ZP based CSI-RS can be configured as the interference part.
Proposal 5: Support NZP and ZP based CSI-RS as dedicated resources for interference measurement in L1-SINR-based beam reporting.
In the CSI framework of Rel.15, one RS for channel measurement can be associated with one or more RSs for interference measurement. Currently, the maximum number of RSs for L1-RSRP reporting is 64. When reusing this framework for L1-SINR-based reporting, the number of RSs for interference measurement can be doubled or even more, which cause a significant exploded signalling overhead. To reduce the number of RSs for L1-RSRP reporting, not all the RSs configured for the signal part needs to be associated with interference measurement, when considering not all the measured beams are needed to be reported in the L1-SINR reporting, especially for the beams with small value of RSRPs.
Proposal 6: For the L1-SINR reporting, not all the RSs for the signal part are associated with the RSs for the interference part.
4 Conclusion
This contribution provided our proposals for CSI reporting in NR. And particularly, there are:
Proposal 1: Introduce a special state to the new beam information indicating no new beam.
Proposal 2: Support implicit Scell index indication in Msg 1, and BFR-response in Msg 2 to trigger new beam information report.
Proposal 3: Support MAC-CE based BFR for Scell, and the impact of PUSCH retransmission should be considered.
Proposal 4: Support multi-bit PUCCH based BFR for Scell, and the PUCCH collision issues should be considered.
Proposal 5: Support NZP and ZP based CSI-RS as dedicated resources for interference measurement in L1-SINR-based beam reporting.
Proposal 6: For the L1-SINR reporting, not all the RSs for the signal part are associated with the RSs for the interference part.
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