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Introduction
[bookmark: _Ref494215420]
In this contribution, we will present our opinions on DL BM enhancement, measurement and reporting of L1-SINR and BFR for SCell.

Discussion
Beam management enhancement of R15
· UE event-triggered Beam reporting
In Rel-15 beam management procedure, UE would be only configured with top N (N=1, 2, 4) beams reporting or no reporting. In some cases, some of served beam quality may become bad, but it is not known to gNB timely. Based on current beam management mechanism, beam optimization may be delayed, and more overhead would be brought about. Although one event triggered beam measurement and reporting procedure, i.e. beam failure recovery procedure (BFR), has been designed in Rel-15, large latency and overhead could be envisioned considering only when all monitored beams fail and at least one new candidate beam is identified do the event be triggered. 
Observation 1: Event triggered beam reporting should be studied which refers to partial monitored beams failure, to reduce latency and overhead and to achieve fast beam switching.
For partial beam failure event, at least the report should include failed beam information, e.g., failed beam index. In addition, if new beams could be identified, it’s beneficial to report new beam information from the perspective of overhead reduction and latency reduction. For the resource to carry partial beam failure report, in general there exist two ways:
· Alt.1: reusing existed resources, e.g., PUCCH resources for normal beam reporting which refers to top N beam reporting
· Alt.2: Dedicated resources, e.g., PUCCH resources, PUSCH resources
[bookmark: OLE_LINK4][bookmark: OLE_LINK7]For alt.1, the benefit of supporting partial beam failure perhaps would be limited considering we should ensure the NW could differentiate between normal beam reporting and report for partial beam failure event, e.g., for partial beam failure reporting where only one failed beam information is repeated by N times. For alt.2, more valuable information could be reported to NW, and obviously the system performance would be improved.
Proposal 1: Study event triggered beam reporting where partial beam failure happens
· The report at least should include failed beam index, and if new beam could be identified, the corresponding information could also be included.
· Dedicated PUCCH resource could be configured for the report, or SR triggered PUSCH resources could also be utilized for the report

Beam measurement and reporting of L1-SINR
Regarding to CSI computation time for L1-SINR based beam measurement and reporting, after RAN1#98b meeting, one email discussion was carried out, and one email agreement was achieved as follows.
	For a CSI report, when reportQuantity is configured to be “ssb-Index-SINR” or “csi-SINR”, the value of O_CPU = 1. 
· Make the decision of Z and Z’ based on one of the following alternatives 
· Alt 1: 
· Z = Z3 + a fixed offset value, where the detail value is FFS
· Z’ = beamReportTimingforL1-SINR
· beamReportTimingforL1-SINR is separately reported from beamReportTiming for L1-RSRP
· Alt 2:
· Z = Z1
· Z’ = Z1’
· Z1 and Z1’ are selected from Table 5.4-2 in 38.214
· Alt 3:
· Z = Z3
· Z’ = Z3’
· Alt 4
· Z = N * Z3
· Z’ = N * Z3’
· N>1, FFS detailed value, e.g. N=2
· FFS: additional UE capability e.g. maximum number of total number of CMR/IMR for L1-SINR measurement across CCs within a slot.


For the value of Z and Z’ for L1-SINR, considering additional interference calculation compared with L1-RSRP, it is preferable to increase the timing for L1-SINR to relax UE burden. Thus, Alt 3 is not preferred. For Alt 4, the timing is enlarged by N times. It would result in large delay, and perhaps influence performance. One simple method is to reuse the timing for light CSI, i.e., Z=Z1, Z’ = Z1’, where Z1 and Z1’ are selected from Table 5.4-2 in 38.214[1].
Proposal 2: For the value of Z and Z’ for L1-SINR based beam measurement and reporting, support Alt 2.
Regarding to dedicated interference resource configuration, in RAN1#97 [2] there was one agreement:
	Agreement
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities
· Note: CSI-RS above is CSI-RS for BM


For CSI measurement specified in Rel-15, dedicated interference measurement resource could be NZP CSI-RS, or/and ZP CSI-RS (CSI-IM). NZP CSI-RS for IM only could be used for aperiodic CSI measurement, typically for MU-MIMO case. Relatively constant interference is measured based on ZP CSI-RS (CSI-IM), e.g., inter-cell interference. That how and whether to use other interference signal on REs of NZP CSI-RS resource for channel measurement depends on UE implementation. Considering similar the interference environment which existed in Rel-15 CSI: inter-cell, inter-UE and intra-UE interference, for L1-SINR based beam measurement, both NZP CSI-RS and ZP CSI-RS could be viewed as the interference measurement resource. 
Proposal 3: Confirm the working assumption in RAN1#97: when dedicated IMR is configured, NW can configure interference measurement for L1-SINR with both ZP-IMR and NZP-IMR, where Maximum Number of ZP IMR is 1.

For L1-SINR based beam report, last meeting [3] we have agreed that CMR and IMR are 1-to-1 mapped from signaling perspective in a CSI-reportConfig if IMR is configured to be based on NZP-IMR. 

	Agreement
For NZP-IMR based interference measurement, option 1a is supported
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N IMR(s), and they are 1:1 mapped
· For each SINR, interference is measured based on each associated NZP-IMR only
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Whether QCL-TypeD can be configured to each NZP IMR
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· FFS: Additional support of option 2a (without RRC signalling impact)
Note: There is no consensus in RAN1 on the support of option 2b/2c (which introduces IMR index reporting for L1-SINR)




For the second FFS: Additional support of option 2a (without RRC signalling impact), we prefer not to support it for the following reasons. Firstly, it could be realized by NW implementation, and it belongs to one optimization issue. Secondly, it will increase UE complexity and impact the CSI calculation timing. Thirdly, further specification work should be done, e.g., new CSI timing design. 
Proposal 4: For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, for resource configuration, not support option 2a.
In Rel-15, if a UE is configured with NZP CSI-RS resources for L1-RSRP, higher layer parameter repetition could be configured in a NZP-CSI-RS-ResourceSet to reduce overhead. If repetition set to ‘on’, the UE may assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter. If repetition is set to 'off', the UE shall not assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter. In previous meeting, it has been agreed to support NZP CSI-RS for L1-SINR. Naturally, it should support repetition configuration for L1-SINR to reduce overhead. 
However, if the repetition configurations for CMR and IMR are different for L1-SINR, the specific UE assumption should be further made clear. Last meeting, it has been agreed that UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’. Thus, when repetition configurations for CMR and IMR are different, we prefer to omit repetition configuration of IMR and follow the repetition configuration of CMR, to ensure CMR and corresponding IMR QCLed with respect to 'QCL-TypeD’.
Proposal 5: For L1-SINR, when repetition configurations for CMR and IMR are different, support IMR to follow the repetition configuration of CMR.
Beam failure recovery for SCell
In RAN1-#98bis, there left a working assumption shown below:
	Working Assumption
In addition to previous agreement that PUCCH-BFR is configured in PCell/PSCell, it is also agreed that PUCCH-BFR can be configured in PUCCH-SCell if PUCCH group is configured
· For non-DC case, down-select one of the following alternatives in RAN1#99
· Alt1a: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· If more than 1 PUCCH-BFR resources are configured for a UE, UE can pick one of them to transmit BFRQ
· Alt1b: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· PUCCH-BFR resource is shared among the CCs belonging to the respective PUCCH group
· Alt2: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per UE
· The down-selection is based on the assumption of SR configuration behavior supported in current spec
The above PUCCH group refers to the existing PUCCH group description in TS38.213.


Among the three alternatives, we incline to support Alt1b. For Alt.2, the configuration is executed on a per-UE level which will inevitably cause excessive burden on PUCCH resources. Both Alt.1a and Alt. 1b rely on assumption of identical spatial features for serving cells within one PUCCH group, which seems to be reasonable for intra-band case. Comparing the two alternatives, the latter one is more flexible and requires less PUCCH resources by allowing resource sharing. Therefore, our preference is Alt1b. 
Proposal 6: Support Alt1b: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group.
· PUCCH-BFR resource is shared among the CCs belonging to the respective PUCCH group

Impact of Multi-TRP/Panel transmission on BFR
Regarding to BFR issue for multi-TRP case, if we directly reuse the Rel-15 BFR procedure even only for the PCell under Multi-TRP/Panel mode, we might encounter many issues. Specifically, in Rel-15 the maximum number of RSs for beam failure detection is 2 and only the case when all RSs within BFD RS-set fall below a configured threshold can trigger a BFI counting. However, if one RS continuously fails and the other one continuously succeeds which can be viewed as a common scenario under Multi-TRP/Panel mode, no BFR or BFI counting will be triggered. Therefore, the Rel-15/Rel-16 BFR procedure is problematic in Multi-TRP/Panel and some further studies are recommended in Rel-17.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 2: The Rel-15 BFR procedure is not appropriate for the Multi-TRP/Panel mode.
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Proposal 7: In Rel-17, the impact of Multi-TRP/Panel transmission on BFR should be investigated.
2-Step RACH for BFR
Although the studies on general 2-Step RACH is still on-going, the benefit could be foreseeable for future use case of 2-Step RACH on BFR. Compared with 4-Step RACH, the latency of beam recovery can be significantly reduced by using 2-Step RACH. Besides, the beam failure information could be explicitly carried in PUSCH of Msg-A possibly including failed CC index, new beam index etc. Generally speaking, the beam failure information could be in the form of L1-signaling, MAC-CE or high layer signalling. Obviously, L1-signaling is advantageous for its latency performance and is our preferred solution. Moreover, we believe it is also beneficial to study the methods that can enable gNB to distinguish between a general 2-step RACH and a BFR-specific 2-step RACH.
Proposal 8: Support to use Msg-A to carry Scell BFR information.

Conclusion
In this contribution, we have discussed Rel-15 BM enhancement, measurement and reporting of L1-SINR and BFR for SCell. The following observations and proposals are achieved:
Observation 1: Event triggered beam reporting should be studied which refers to partial monitored beams failure, to reduce latency and overhead and to achieve fast beam switching.
Observation 2: The Rel-15 BFR procedure is not appropriate for the Multi-TRP/Panel mode.
Proposal 1: Study event triggered beam reporting where partial beam failure happens
· The report at least should include failed beam index, and if new beam could be identified, the corresponding information could also be included.
· Dedicated PUCCH resource could be configured for the report, or SR triggered PUSCH resources could also be utilized for the report
Proposal 2: For the value of Z and Z’ for L1-SINR based beam measurement and reporting, support Alt 2.
Proposal 3: Confirm the working assumption in RAN1#97: when dedicated IMR is configured, NW can configure interference measurement for L1-SINR with both ZP-IMR and NZP-IMR, where Maximum Number of ZP IMR is 1.
Proposal 4: For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, for resource configuration, not support option 2a.
[bookmark: _GoBack]Proposal 5: For L1-SINR, when repetition configurations for CMR and IMR are different, support IMR to follow the repetition configuration of CMR.
Proposal 6: Support Alt1b: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group.
· PUCCH-BFR resource is shared among the CCs belonging to the respective PUCCH group
Proposal 7: In Rel-17, the impact of Multi-TRP/Panel transmission on BFR should be investigated.
Proposal 8: Support to use Msg-A to carry Scell BFR information.
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