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Beam reporting for MTRP
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1#104-e meeting [1], it was agreed to support Option 2: a single CSI-report consisting of N beams pairs/groups and M (M=2) beams per pair/group, and different beams within a pair/group can be received simultaneously. After discussion in previous meetings, the procedure of Option 2 is almost complete: two CSI-RS/SSB resource sets are configured to measure, and after measurement, X beam pairs that can be received simultaneously could be reported, where X is no more than 4 and is configured by the network based on UE capability, and UCI design for the reported beam information also has been determined. However, one remaining issue needs to be further determined and resolved for Option2 to work well. Detailed discussion on the issues are as follows:
Default beam of aperiodic CSI-RS 
In Rel-16, the default beam of aperiodic CSI-RS in single-DCI-based MTRP and multi-DCI-based MTRP scenarios had been specified. For multi-DCI-based MTRP, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet is smaller than the UE reported threshold beamSwitchTiming/beamSwitchTiming-r16, the UE applies the QCL assumption of the other DL signals satisfying following conditions to receive the aperiodic CSI-RS:
· overlap fully in symbols with the aperiodic CSI-RS 
· associate with the same CORESETPoolindex as the aperiodic CSI-RS
If there is no other DL signal , UE will apply the QCL parameter(s) of the CORSET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH triggering that aperiodic CSI-RS. However, due to the agreed two CSI-RS resource sets for beam measurement and report in MTRP scenarios, it means for aperiodic CSI-RS resource, a DCI would trigger two resource sets. In this case, directly reusing the default beam mechanism defined in Rel-16 may be non-workable, since both sets would be associated with the same CORESETPoolindex. Therefore, the default beam of aperiodic CSI-RS for beam management in multi-DCI-based MTRP scenarios needs to be clarified. In our view, defining the default beam per TRP is the most straightforward way. 
Default beam of aperiodic CSI-RS resource should be clarified when a DCI trigger two CSI-RS resource sets
[bookmark: _Hlk53999024][bookmark: _Hlk61596710]Beam failure recovery for MTRP
[bookmark: _Hlk54253518]In RAN1#107-e meeting [2], following agreement on BFR for MTRP was achieved.
	Conclusion
For per-TRP BFR, no further restriction will be introduced on the spatial relation configuration of a PUCCH-SR resource.
Agreement
For implicit BFD RS configuration, if number of TCI states for CORESETs associated with a CORESETPoolIndex exceeds the UE capability on maximum number of BFD-RS resources per set, re-use the RLM-RS selection rule. 
Agreement
On the PUCCH-SR resource/SR configurations selection rule when SR is triggered and 2 PUCCH-SR resource/SR configurations are configured, the UE triggers the PUCCH-SR resource/SR configuration that is associated with failed BFD-RS set.
Agreement
Regarding whether the two dedicated PUCCH-SR resources are corresponding to one schedulingRequestId or two schedulingRequestId
· Alt3: Leave it to RAN2 



TRP specific BFR 
For TRP-specific BFR procedure, TRP-specific BFD, TRP-specific new candidate beam identification, TRP-specific BFRQ, and TRP-specific BFRR had been agreed in previous meetings and some details, such as the number of BFD-RS set, and the contents of BFR MAC CE also had been determined. For the perspective of transmission efficiency and reliability, we think both single-DCI-based MTRP and multi-DCI-based MTRP should be considered for TRP-specific BFR enhancement. 
[bookmark: _Hlk79174252]In multi-DCI-based MTRP operation, TRP can be identified by the configured CORESETPoolIndex. However, there is no explicit TRP index in single-DCI-based MTRP scenario. With the agreement that only explicit configuration of BFD-RS is allowed for s-DCI case in the RAN#1 106-e meeting, BFD-RS set ID can be used to achieve subsequent TRP-specific BFR procedure,  but the signaling structure may be more complicated due to introducing an extra association at least between CORESETs and BFD-RS set ID. Additionally, considering multi-DCI has higher priority than single-DCI agreed in RAN#1 104-e meeting, we think the procedure of TRP-specific BFR in single-DCI-based MTRP scenarios can be simplified as that UE only indicate the failure event in BFR MAC CE based on the explicitly configured BFD-RS, and no TRP-specific NBI-RS configuration and beam resetting.  In this case, UE only reports the beam failure event and does not need to reset beam for the failed TRP and thus reuses the procedure defined for multi-DCI-based MTRP BFR procedure as much as possible. 
[bookmark: _Hlk79174372]Simplify the procedure of TRP-specific BFR in Single-DCI-based MTRP scenarios due to low priority
Support indication of failure event in BFR MAC CE based on the explicitly configured BFD-RS.
No further enhancement on the configuration of TRP-specific NBI-RS and beam resetting. 
Configuration of TRP-specific BFD-RS sets
Independent BFD-RS configuration per-TRP has been agreed, where each TRP is associated with a BFD-RS set and the total number of BFD-RS set per BWP is 2, and the maximum number of BFD-RSs in each set is up to UE capability. No matter it is single-DCI-based MTRP or multi-DCI-based MTRP, two sets of BFD-RS, e.g., , , can be explicitly configured was agreed, each set consisting of the BFD-RS(s) associating with one TRP. However, the method of explicit configuration has not been determined. After the discussion in the previous meeting, some candidate schemes were proposed as follows:
· [bookmark: _Hlk82962838]Alt 1: BFD RS is configured and updated by RRC 
· Alt 2: BFD RS is configured by RRC, and updated by MAC CE
· Alt 3: BFD RS is configured and updated by MAC CE
From the perspective of specification impact, Alt 1 follows the legacy configuration method in Rel-15 so that it has very small specification impact. From the perspective of maintaining beam alignment between PDCCH and BFD-RS when there is a beam switch for PDCCH, we think explicit configuration should not consider this issue, since implicit configuration can resolve it. 
[bookmark: _Hlk82988734] For TRP-specific BFD-RS explicit configuration and update, support RRC configuration/reconfiguration.
[bookmark: _Hlk68101747]Configuration of TRP-specific NBI-RS sets
As the independent configuration of the NBI-RS set per TRP and the 1-to-1 association between each BFD-RS set and an NBI-RS set has been supported, new candidate beam selection based on the TRP in beam failure is enabled if TRP-specific NBI-RS set is configured. However, we don’t think the configuration of TRP-specific NBI-RS set(s) for TRP-specific BFR is a necessity, especially for single-DCI based MTRP. For example, if one TRP fails and its corresponding TRP-specific NBI-RS set is not configured, an aperiodic beam report can be triggered by the TRP in a good radio link to obtain one or more new beams to recover the failed TRP. Compared with periodic measurement of NBI-RS resources, aperiodic beam measurement consumes less resource, which is beneficial for the network to schedule various services of users within the limited UE capability flexibly.
[bookmark: _Hlk79174407][bookmark: _Hlk68172430]Support to optionally configure TRP-specific NBI-RS.
gNB response enhancement
For the case of BFR of one TRP, after the UE transmits the BFRQ carrying the new beam with a first PUSCH MAC CE, it can monitor PDCCH for scheduling a PUSCH transmission with the same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value like legacy procedure designed for SCell beam failure. When one TRP is in failure and no new beam has been found and reported based on the corresponding NBI-RS resource(s), the network can deactivate the failed TRP through MAC CE deactivation command to achieve the switch of transmission hypothesis from MTRP to STRP. 
Support to deactivate TRP through MAC CE if there is no new beam found.
UE behavior upon receiving BFRR 
UE behavior upon receiving BFRR should consider the MTRP mode, the number of beam links in failure, and the number of new beams. As for UE behavior, beam reset, TRP deactivation, and beam training may be conducted optionally in different cases, detailed analyses are as follows.
[bookmark: _Hlk82979659]For a UE operating with multi-DCI-based MTRP, the behavior of beam reset that after 28 symbols from receiving the legacy BFR response (PDCCH), 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 associated with the failed BFD-RS set was agreed in the RAN1#106-e meeting. As for updating the QCL assumption for other DL channels/RSs, we think update of QCL assumption of PDSCH scheduled by the PDCCH associated with the failed BFD-RS set is reasonable. 
[bookmark: _Hlk68172554][bookmark: _Hlk54426200]For a UE operating with multi-DCI-based MTRP, 
If it has reported the new beam, 
support update QCL assumption of PDSCH scheduled by the PDCCH associated with the failed BFD-RS set, after 28 symbols from receiving the legacy BFR response (PDCCH).
If no new beam has been found and reported, UE does not reset the beam.
UE may fall back to single TRP reception when BFRR is a MAC CE deactivation command for the failed TRP.
It is not necessary to define beam resetting behavior for UE operating with single-DCI-based MTRP operation.
BFR for both failed TRPs
In section 2.1, the procedure of TRP-specific BFR for one TRP link failure has been discussed. And in this section, the topic to be discussed is the procedure of BFR for two failed TRPs, which also includes BFD, NBI, BFRQ, BFRR and update of QCL assumption.
For beam failure detection, the condition of both TRPs are in beam failure had been determined in RAN#2 116bis-e meeting, that beam failure is declared for a TRP of the serving cell while the BFR for another TRP of same serving cell is not successfully completed. For new beam identification when both TRPs fail, TRP-specific new beam identification for each failed TRP would serve the purpose.  For beam failure recovery request, it has been agreed that when both TRPs in beam failure, CBRA-based BFRQ will be triggered on SpCell, and TRP-specific BFR for each failed TRP will be triggered separately on SCell. For beam failure recovery response, if BFR is triggered by both TRPs on SpCell, it can follow legacy BFRR mechanism(PDCCH) defined in Rel-16; if BFR is triggered by both TRPs on SCell, TRP-specific BFRR mechanism, e.g., PDCCH and MAC CE, can be reused, .
For the update of QCL assumption, it should be discussed separately based on the number of new beam(s) as following:
· [bookmark: _Hlk95336773]If two new beams are found according to NBI-RS sets when BFR of both failed TRP is triggered in SpCell or SCell, each one corresponds to each BFD-RS set, and after 28 symbols from receiving the BFR response
· For each failed BFD-RS set in SpCell or SCell, the QCL assumption of all CORESETs and scheduled PDSCH associated with the failed BFD-RS set is updated by the corresponding new beam.
· If only one new beam is found according to NBI-RS sets 
· when BFR of both failed TRP is triggered in SCell, and after 28 symbols from receiving the BFR response, one of the following options can be followed by UE:
· [bookmark: _Hlk95338746]Option 1: Only the CORESETs and scheduled PDSCH, which associates with same BFD-RS set as the new beam, can reset the QCL assumption by the new beam, and no beam reset for channels associated with the other BFD-RS set;
· Option 2:  Only the CORESETs and scheduled PDSCH, which associates with same BFD-RS set as the new beam, can reset the QCL assumption by the new beam, and the other TRP is deactivated by MAC CE;
· Option3: all CORESETs and scheduled PDSCH of the serving cell reset the QCL assumption by the new beam simultaneously.
· when BFR of both failed TRP is triggered in SCell, and after 28 symbols from receiving the BFR response, the UE behavior on the update of QCL assumption is the same as that of in SCell, except Option3;
· Option 3: all CORESETs and scheduled PDSCH of the serving cell reset the QCL assumption either by the new beam simultaneously, or by the spatial filter as for the last PRACH transmission simultaneously
· if no new beam is found according to NBI-RS sets
· [bookmark: _Hlk95764834]For SCell, there is no beam reset for any TRP and no need to introduce extra enhancement. Since the failed TRP link can be recovered by the network through beam measurement and report;
· For SpCell, all CORESETs and scheduled PDSCH of the serving cell reset the QCL assumption by the spatial filter as for the last PRACH transmission simultaneously.
 For the update of QCL assumption after receiving the BFR response, 
· [bookmark: _Hlk95767622]support Option 2 if only one new beam is found according to NBI-RS sets when BFR of both failed TRP is triggered in SCell or SpCell ;
· Support update QCl assumption of all CORESETs and scheduled PDSCH by the spatial filter as for the last PRACH transmission simultaneously, if on new beam is found according to NBI-RS sets when BFR of both failed TRP is triggered in SpCell.

Conclusion
In this contribution, we analyze enhancements of beam management for MTRP in Rel-17, including beam reporting and TRP-specific BFR. To summarize, we have the following proposals.
1. Default beam of aperiodic CSI-RS resource should be clarified when a DCI trigger two CSI-RS resource sets
Simplify the procedure of TRP-specific BFR in Single-DCI-based MTRP scenarios due to low priority
· Support indication of failure event in BFR MAC CE based on the explicitly configured BFD-RS.
· No further enhancement on the configuration of TRP-specific NBI-RS and beam resetting. 
For TRP-specific BFD-RS explicit configuration and update, support RRC configuration/reconfiguration.
    Support to optionally configure TRP-specific NBI-RS.
    Support to deactivate TRP through MAC CE if there is no new beam found.
For a UE operating with multi-DCI-based MTRP, 
If it has reported the new beam, 
support update QCL assumption of PDSCH scheduled by the PDCCH associated with the failed BFD-RS set, after 28 symbols from receiving the legacy BFR response (PDCCH).
If no new beam has been found and reported, UE does not reset the beam.
UE may fall back to single TRP reception when BFRR is a MAC CE deactivation command for the failed TRP.
It is not necessary to define beam resetting behavior for UE operating with single-DCI-based MTRP operation.
 For the update of QCL assumption after receiving the BFR response, 
· support Option 2 if only one new beam is found according to NBI-RS sets when BFR of both failed TRP is triggered in SCell or SpCell ;
· Support update QCl assumption of all CORESETs and scheduled PDSCH by the spatial filter as for the last PRACH transmission simultaneously, if on new beam is found according to NBI-RS sets when BFR of both failed TRP is triggered in SpCell.
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