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1 Introduction
In RAN1 #106-e meeting [1], the following agreements were reached for M-TRP BM and M-TRP BFR. In this paper, we provide our views on the remaining issues.
	Agreements on M-TRP BM
Agreement
For aperiodic report of beam reporting option 2, 
· When associated with aperiodic resource setting, extend the existing RRC parameter CSI-AssociatedReportConfigInfo to be configured with two CMR resource sets where each may be configured with their corresponding QCL information.
· FFS: Detailed association scheme 
· When associated with periodic/semi-persist resource setting, the resource setting comprises two CMR resource sets. 

Conclusion
There is no consensus to support M>2 beams per group for beam reporting option 2 in Rel.17. 

Agreement
Support differential L1 RSRP reporting as a UCI reduction scheme for beam measurement/reporting option 2. 

Agreement
Differential reporting across all beam groups in a CSI-report
· Including 1-bit indicator of the CMR set associated with the largest RSRP value in all groups
· NOTE: best beam is assumed in the 1st group 
· 1-bit indicating CMR set with higher RSRP value (e.g. 0 indicating 1st SSBRI/CRI from 1st CMR set, 1 indicating 1st SSBRI/CRI from 2nd CMR set); UCI payload partitioning = 7/4 bits for 1st/2nd SSBRI/CRI in first beam group; 4 bits for all beams in other groups; 

Agreements on M-TRP BFR
Agreement
For multi-TRP BFR, a single MAC-CE is used at least for BFRQ for all TRPs in all CCs in a cell group, which includes
· Indices of failed BFD-RS set (as an indication of failed TRP link)
· Indices of CC containing the failed TRP link
· An indicator whether a new candidate beam is identified in the NBI-RS set associated with the failed BFD-RS set, and an resource indicator representing the new candidate beam (if identified) based on the number of NBI-RS resources in the corresponding NBI-RS set. 
· FFS: Content of MAC-CE related to SpCell when transmitted on msg3, msgA
· Note: MAC-CE signaling design details are up to RAN2
· The term “failed TRP link” is used here for discussion purposes only

Agreement
The maximum number of BFD-RS resources per set is a UE capability, including a possible candidate value of 1 in Rel.17. 

Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Implicit configuration: 
· M-DCI: 
· BFD-RS set k (k = 0, 1) is derived based on X TCI of CORESETs with CORESETPoolIndex = k
· FFS: value of X (determined in spec or UE capability), and TCI selection rule when the number of CORESETs with CORESETPoolIndex = k exceeds X (e.g. reuse RLM RS selection rule)
· FFS: CORESETs with more than 1 activated TCI states

Conclusion
BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET via implicit configuration for S-DCI mTRP is not supported in Rel-17.

Agreement
For extension of the existing RRC parameter CSI-AssociatedReportConfigInfo for the purpose of M-TRP beam reporting option 2, 
· Introduce a second ‘resourcesForChannel’ in CSI-AssociatedReportConfigInfo

Agreement
For option 2 with differential reporting 
· For each reported beam group other than the 1st beam group, the same SSBRI/CRI ordering as the 1st beam group is assumed. 

Agreement
· For the case of all CORESETs with 1 activated TCI state per CORESET, after 28 symbols from receiving the BFR response, the QCL assumption of all CORESETs associated with the failed BFD-RS set reported in the MAC-CE for TRP-specific BFR is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set
· FFS: How to associate CORESET(s) with failed BFD-RS set
· FFS: SCS configuration of 28 symbols
· FFS: Update of QCL assumption for other DL channels/RSs, UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs 
· FFS: the case of CORESETs with 2 activated TCI states per CORESET. 
· The above applies to SCell and SpCell
· The above applies at least for the multi-DCI case

Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Explicit configuration of BFD-RS resources in BFD-RS set k, k = 0, 1
· FFS: CORESETs with more than 1 activated TCI state.



2 M-TRP BM
For R15 group-based beam reporting, an RRC parameter ‘groupBasedBeamReporting’ was defined as the enabler of such reporting scheme (over non-group-based beam reporting), and the same enabler was used for R16 group-based beam reporting for L1-SINR. Similarly, an enabler for R17 group-based beam reporting should be considered. Basically, there are two ways.
· Alt1: Introduce a new RRC enabler for R17 group-based beam reporting.
· Alt2: Reuse the same RRC enabler as R15/16 group-based beam reporting.
In Alt2, when the existing parameter ‘groupBasedBeamReporting’ is set to be ‘enabled’, the UE knows either R15/16 group-based beam reporting or R17 group-based beam reporting is configured. As for which of them is configured, the UE can determine it according to other configured parameters (e.g., the number of resource set to be measured) implicitly. For example, when only one channel measurement resource set is to be measured, the UE knows R15/16 group-based beam reporting is configured. While, if two channel measurement resource sets are to be measured, the UE knows R17 group-based beam reporting should be performed. In this way, no new RRC enabler is needed, which saves signaling overhead for distinguishing multiple enablers. 
Proposal 1: R17 group-based beam reporting shares the same RRC enabler (i.e., groupBasedBeamReporting) as R15/16 group-based beam reporting.
With group-based beam reporting, the two reported beams are expected to be used for simultaneous transmission from two TRPs towards the UE. When they are used to transmit different data layers, they may cause mutual interference (Figure 1). So, if possible, the interference between the two reported beams should be quantified by the UE, and reflected in the report to gNB. To this end, group-based L1-SINR reporting is a promising direction, where the L1-SINR calculation for each beam in the reported beam group may assume other beam in the reported beam group as interference, with which mutual interference between the reported beams are naturally reflected in the L1-SINR reported to gNB.
Proposal 2: Mutual interference between the reported beams in one selected beam group should be considered in group-based L1-SINR reporting.
[image: ]
Figure 1. Interference between two TRPs

3 M-TRP BFR
In the last meeting, it was agreed to update QCL source for CORESETs associated with the failed BFD-RS set as the RS resource representing the identified new beam (if found). In addition to CORESETs, it is also beneficial to consider updating the QCL source for explicitly configured BFD-RS. This is due to the fact that, with explicit BFD-RS configuration, once the UE reports an RS resource representing the identified new beam to gNB, the gNB will need to update the BFD-RS or the QCL source of the BFD-RS by RRC reconfiguration, which incurs large latency. To avoid such delay, as least for explicit BFD-RS configuration, it makes sense to reset the QCL source of the failed BFD-RS set as the RS resource representing the identified new beam.
Proposal 3: With explicit BFD-RS configuration, after 28 symbols from receiving the BFR response, QCL assumption of the BFD-RS in the BFD-RS set with beam failure should be updated to the RS resource associated with the latest reported new candidate beam (if found).
With implicit BFD-RS derivation, when the number of configured CORESETs Y is larger than the number of supported BFD-RS X, how to select X BFD-RS to monitor is another issue. For timely beam failure detection, we prefer to select the X CORESETs with smallest periodicities and adopt their QCL source RS(s) as the actual BFD-RS to monitor.
Proposal 4: With implicit BFD-RS derivation, when the number of configured CORESETs Y is larger than the number of supported BFD-RS X, the QCL source RS(s) of the X CORESETs with smallest periodicities are adopted as the actual BFD-RS to monitor.
In R17, following the objective in WID, RAN1 should focus on or prioritize the use case where a cell (SpCell or SCell) is configured with two BFD-RS sets (i.e., M-TRP BFR). The suggested BFR strategy for these two types of cells are summarized in Table 1.
For SpCell configured with two BFD-RS sets, if beam failure is detected in one BFD-RS set, the UE shall identify a new beam from the NBI-RS set associated with this BFD-RS set and report it to the gNB via MAC CE (possibly over the non-failed link towards the other TRP). If there is no new beam identified, indication of no new beam identified can be reported via MAC CE. While, if beam failure is detected in both BFD-RS sets (the links to two TRPs have both failed), the UE should identify a new beam from the two NBI-RS sets and report it to the gNB via RACH-based BFR procedure, if configured. If there is no new beam identified, the UE does nothing same as R15 BFR procedure.
Proposal 5: For SpCell configured with two BFD-RS sets,
· if beam failure is detected in only one BFD-RS set, the UE shall report resource indicator representing the identified new beam or indication of no new beam identified for that BFD-RS set via MAC CE;
· if beam failure is detected in both BFD-RS sets and a new beam is identified from any of configured NBI-RS sets, the UE should fallback to RACH based BFR procedure if configured.
For SCell configured with two BFD-RS sets, if beam failure is detected in one BFD-RS set, the UE shall identify a new beam in the NBI-RS set associated with the BFD-RS set and report it to the gNB via MAC CE (possibly over the non-failed link towards the other TRP). If there is no new beam identified, indication of no new beam identified is reported via MAC CE. While, if beam failure is detected in both BFD-RS sets, the UE should try to identify a new beam from the NBI-RS set associated with each BFD-RS set. In each NBI-RS set, the UE may or may not find new beam available for use. The UE report such information to the gNB via MAC CE. Namely, for each BFD-RS set, the UE reports one new beam or indication of no new beam identified via MAC CE (possibly over SpCell).
Proposal 6: For SCell configured with two BFD-RS sets,
· if beam failure is detected in one BFD-RS set, the UE shall report resource indicator representing the identified new beam or indication of no new beam identified for that BFD-RS set via MAC CE;
· if beam failure is detected in both BFD-RS sets, the UE shall report resource indicator representing the identified new beam or indication of no new beam identified for each BFD-RS set via MAC CE.
Table 1 BFR strategy for different cases
	Cell type
	Condition
	UE behaviour

	SpCell with two BFD-RS sets
	Beam failure detected in one BFD-RS set
	Report resource indicator representing the identified new beam or indication of no new beam for the failed BFD-RS set via MAC CE

	
	Beam failure detected in both BFD-RS set, and one new beam is found
	Fallback to RACH based BFR

	SCell with two BFD-RS sets
	Beam failure detected in one BFD-RS set
	Report resource indicator representing the identified new beam or indication of no new beam for the failed BFD-RS set via MAC CE

	
	Beam failure detected in both BFD-RS set
	Report resource indicator representing the identified new beam or indication of no new beam for each failed BFD-RS set via MAC CE



4 RRC parameter
According to email discussions over RAN1 reflector after last meeting, several RRC parameters are listed as a starting point for discussion. 
For the first parameter groupBasedBeamReportingR17, there is no agreement on introducing such a new enabler. As mentioned in section 2, reusing the same enabler as R15/16 group-based beam reporting is more reasonable in terms of signaling overhead and specification effort. So, we suggest removing groupBasedBeamReportingR17 at this stage.
In addition, it was agreed to introduce TRP-specific BFD counter and timer, which require new RRC parameters to configure, but haven’t been included yet. 
	Agreement
Support TRP-specific BFD counter and timer in the MAC procedure
· The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS



Proposal 7: For RRC parameters for <Enhancements on beam management for multi-TRP>, 
· Remove groupBasedBeamReportingR17,
· Add beamFailureInstanceMaxCount2 and beamFailureDetectionTimer2.
	groupBasedBeamReportingR17
	new R17
	Group-based reporting for Rel.17 M-TRP
	{enabled, disabled}
	per CSI-ReportConfig
	UE-specific 

	nrofReportedGroupR17
	new R17
	Number of reported beam group per CSI-report
	{1,2,3,4}
	per CSI-ReportConfig
	UE-specific 

	resourcesForChannel2
	new R17
	CMR resource set 2 associated to CSI-AssociatedReportConfigInfo 
	Same as Rel.16 resourcesForChannel
	per CSI-AssociatedReprotConfigInfo
	UE-specific 

	beamFailureInstanceMaxCount2
	new R17
	BFD counter for the second BFD-RS set
	{n1, n2, n3, n4, n5, n6, n8, n10}
	Per RadioLinkMonitoringConfig
	UE-specific

	beamFailureDetectionTimer2
	new R17
	BFD Timer for the second BFD-RS set
	{pbfd1, pbfd2, pbfd3, pbfd4, pbfd5, pbfd6, pbfd8, pbfd10}
	Per RadioLinkMonitoringConfig
	UE-specific



5 Conclusion
This paper discusses issues on BM and BFR for Multi-TRP transmission. In summary, the following proposals are made:
[bookmark: _GoBack]Proposal 1: R17 group-based beam reporting shares the same RRC enabler (i.e., groupBasedBeamReporting) as R15/16 group-based beam reporting.
Proposal 2: Mutual interference between the reported beams in one selected beam group should be considered in group-based L1-SINR reporting.
Proposal 3: With explicit BFD-RS configuration, after 28 symbols from receiving the BFR response, QCL assumption of the BFD-RS in the BFD-RS set with beam failure should be updated to the RS resource associated with the latest reported new candidate beam (if found).
Proposal 4: With implicit BFD-RS derivation, when the number of configured CORESETs Y is larger than the number of supported BFD-RS X, the QCL source RS(s) of the X CORESETs with smallest periodicities are adopted as the actual BFD-RS to monitor.
Proposal 5: For SpCell configured with two BFD-RS sets,
· [bookmark: _Hlk83833706]if beam failure is detected in only one BFD-RS set, the UE shall report resource indicator representing the identified new beam or indication of no new beam identified for that BFD-RS set via MAC CE;
· if beam failure is detected in both BFD-RS sets and a new beam is identified from any of configured NBI-RS sets, the UE should fallback to RACH based BFR procedure if configured.
Proposal 6: For SCell configured with two BFD-RS sets,
· if beam failure is detected in one BFD-RS set, the UE shall report resource indicator representing the identified new beam or indication of no new beam identified for that BFD-RS set via MAC CE;
· if beam failure is detected in both BFD-RS sets, the UE shall report resource indicator representing the identified new beam or indication of no new beam identified for each BFD-RS set via MAC CE.
Proposal 7: For RRC parameters for <Enhancements on beam management for multi-TRP>, 
· Remove groupBasedBeamReportingR17,
· Add beamFailureInstanceMaxCount2 and beamFailureDetectionTimer2.
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