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1. [bookmark: _Hlk31184113]Introduction
The following agreements have been achieved for enhanced beam management for mTRP in RAN1 #103-e.   
	Agreement
· For M-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.
· FFS: The number of BFD RSs per BFD-RS set, the number of BFD-RS sets, and number of BFD RSs across all BFD-RS sets per DL BWP
· Support at least one of explicit and implicit BFD-RS configuration
· With explicit BFD-RS configuration, each BFD-RS set is explicitly configured
· FFS: Further study QCL relationship between BFD-RS and CORESET
· FFS: How to determine implicit BFD-RS configuration, if supported
· For M-TRP new beam identification
· Support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured
· FFS: detail on association of BFD-RS and NBI-RS
· Support the same new beam identification and configuration criteria as Rel.16, including  L1-RSRP, threshold

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

Agreement
· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 
· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: number of spatial filters associated with the PUCCH-SR resources  
· FFS: How the SR configuration is done
· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter
· FFS: How the SR configuration is done
· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE 
· Index information of failed TRP(s)
· CC index (if applicable)
· New candidate beam index (if found)
· Indication whether new beam(s) is found 
· FFS: whether/how to incorporate multi-TRP failure

Agreement
Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option



2. [bookmark: _Hlk31296548]Enhanced Group Based Beam Report
In R15/16, when the UE is configured with groupBasedBeamReporting set to ‘enabled’, the UE is required to report in a single reporting instance two different CRI or SSBRI for each report setting, where the reported CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single receive beam or multiple simultaneous receive beams. There is a possibility, however, that the gNB cannot transmit simultaneously the two reported resources. This is the case, for example, when the two reported resources are transmitted using the same TRP and the group-based beam report would be discarded by the gNB almost certainly. This leads to unwanted reporting overhead and power consumption. Alternatively, we propose to introduce simultaneously transmittable beam set index per candidate beam so that the UE shall report only simultaneously receivable beams with different beam set indices.
Proposal 1: For group-based beam report, introduce beam set (or TRP) index per candidate beam. UE shall report simultaneously receivable beams with different beam set indices.
[bookmark: _Hlk20502450]Another potential issue with the current group-based beam reporting framework arises when the report quantity is set to ‘cri-SINR’ or ‘ssb-Index-SINR’. In this scenario, the reported SINR metric of one CRI or SSBRI may not correctly reflect the cross-beam interference due to the other CRI or SSBRI, depending on the CMR and IMR configurations of the respective CRI or SSBRI. Consequently, if the gNB schedules a multi-TRP and/or multi-panel communication using the reported two different CRIs or SSBRIs, the actual L1-SINR seen at the UE would be different, potentially degrading the performance. For addressing this situation, we have the following proposal:
Proposal 2: For L1-SINR based group report, gNB configures multiple candidate beam groups, among which UE reports beam group(s) such that the two beams per group can be received simultaneously.
· The corresponding CMR/IMR per beam in each candidate group should be configured such that the reported L1-SINR per beam reflects cross-beam interference from the other beam in the group.

In R16, when the UE is configured with groupBasedBeamReporting set to ‘enabled’, the supported values for reportQuantity are ‘cri-RSRP’, ‘cri-SINR’, ‘ssb-Index-RSRP’ or ‘ssb-Index-SINR’ of the reported two different CRI or SSBRI. However, the throughput enhancements and/or the macro-diversity benefits using simultaneous multi-beam communication may not be accurately captured using L1-RSRP and/or L1-SINR of the individual resources. For this we propose to support additional report metric, such as sum of CQI that more closely represent the achievable data rate using the reported beam group, when the UE is configured with groupBasedBeamReporting set to ‘enabled’.
Proposal 3: For group-based beam report, it can be considered for UE to report throughput related metric per reported beam group, including sum of CQI, capacity, mutual info.
In the current group-based beam report, only one group consisting of two different CRI or SSBRI is reported by the UE in a single reporting instance when groupBasedBeamReporting is set to ‘enabled’. In the event that multi-beam communication using the reported group cannot be scheduled, the gNB may request the UE to identify and report a new group of beams. This may be the case, for example, when the initially reported group of beams fail due to UE mobility. The repeated request for group-based beam report followed by the reporting of a single group of beams is hence disadvantageous in terms of signalling overhead. Hence, we propose to support the framework wherein multiple groups of beams can be reported by the UE when the gNB makes a single group-based beam report request. For this case, the UE could sort the reported groups based on the reported metric per group.
Proposal 4: For group-based beam report, UE can report more than one beam group, which can be sorted based on metric per group.
For the group-based report, gNB may have various purposes for the two reported beams. They could be used to maximize throughput or improve reliability. In R15/16, the beam pair selection is up to UE, which may not be aware of gNB’s intention. If the intention is to maximize throughput, UE may report two gNB Tx beams, which can be simultaneously received by two UE Rx beams with good SINR per Rx beam. If the intention is to maximize reliability, UE may report two gNB Tx beams, which can be simultaneously received by a single UE Rx beam with best combined SINR. In addition, gNB can also instruct UE to order the beam pairs based on certain criterion, e.g. based on sum or minimum of the two SINRs, where the former may favour the total throughput, while the latter may provide better reliability against beam blocking by selecting two beams with similar strengths. 
Proposal 5: For group report, gNB can signal the purpose (for throughput or reliability), operation mode (FDM/SDM/TDM), and corresponding beam pair selection criterion (based on sum or minimum of metrics of the two reported beams).
A remaining issue from #103-e is the down selection among the 3 options for enhance group based beam report. Option 2 is an extension of current group report with potentially more than one reported group. Option 1 and 3 are similar and different from Option 2 in the sense that any two different beams in different groups/reports can be received simultaneously. However, Option 1 and 3 may only reflect the feasibility of simultaneous reception for two beams. To identify which two beams have the least cross-beam interference, Option 2 might be the most efficient way via UE reporting L1-SINR per beam by considering cross-beam interference for the two beams in the same group. In addition, Option 2 may require least spec change, while the additional benefit of Option 1 and 3 is unclear. 
Proposal 6: For enhanced group report, support Option 2. 
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group.
· Different beams within a pair/group can be received simultaneously.
3. TRP Specific BFR
[bookmark: _Hlk54354008]For TRP specific BFR, a remaining issue from #103-e is whether to support explicit and/or implicit BFD RS. Both options have their advantages. The explicit BFD RS can provide gNB more flexibility in the BFD RS determination, while the implicit BFD RS can save signalling overhead for the BFD RS update. Therefore, it would be beneficial to keep both options at least for mDCI mTRP.
Proposal 7: For mDCI mTRP, support both explicit and implicit per-TRP BFD.
For mDCI mTRP, the set of implicit BFD RSs associated with a CORESETPoolIndex can be the QCL-TypeD RSs in up to X TCI states for CORESETs sharing the same CORESETPoolIndex. In addition, in absence of QCL-TypeD RS in the TCI state, the single QCL source RS in the TCI state can be the implicit BFD RS. The same rule has been applied to the legacy cell level BFD. 
Proposal 8: For mDCI mTRP, the implicit BFD RSs associated with a CORESETPoolIndex can be the QCL-TypeD RSs in up to X TCI states for CORESETs sharing the same CORESETPoolIndex.
· X can be determined in spec or via UE capability. 
· [bookmark: _Hlk61798644][bookmark: _Hlk61791439]In absence of QCL-TypeD RS, the single QCL source RS in the TCI state can be the implicit BFD RS.

Instead of the cell level BFD PHY indicator, the TRP specific BFD PHY indicator should be introduced to indicate each occurrence of TRP specific beam failure to the MAC layer. 
Proposal 9: TRP specific BFD PHY indicator should be introduced to indicate each occurrence of TRP specific beam failure to the MAC layer.
Another remaining issue is how many PUCCH-SR resources can be configured for per-TRP BFR in a cell group. To minimize PUCCH overhead, up to one PUCCH-SR can be configured. However, two candidate spatial relations can be configured for the single PUCCH-SR and can be associated with different CORESETPoolIndex in case of mDCI mTRP. If one spatial relation is associated with the CORESETPoolIndex of a failed TRP, UE will select the other for PUCCH-SR transmission. If none of the two spatial relations is associated with a failed TRP, UE can select any one spatial relation for transmission. This may require gNB to monitor both spatial relations simultaneously. 
To further reduce PUCCH overhead, the same PUCCH-SR can be shared by both per-TRP BFR and SCell BFR, i.e. it can be triggered whenever per-TRP BFR or SCell BFR happens for any CC. This way does not need to define separate PUCCH-SR for per-TRP BFR and SCell BFR. For PCell BFR, it may have to rely on RACH procedure as in current spec. 
[bookmark: _Hlk61801837]Proposal 10: Support up to one PUCCH-SR resource in a cell group.
· Two candidate spatial relations can be configured for the one PUCCH-SR resource.
· Among the two spatial relations, UE can select the one not associated with failed TRP for transmission.
· The same PUCCH-SR can be triggered by both per-TRP BFR and SCell BFR. 

Similar to PUCCH-SR, the existing BFR MAC-CE can be modified to be shared by both per-TRP BFR and PCell/SCell BFR. Specifically, each CC can be configured for per-TRP BFR, SCell BFR, or PCell BFR. Whenever per-TRP BFR or SCell BFR happens to any CC but without cell level failure of PCell, the PUCCH-SR will be triggered for UL grant to transmit the modified BFR MAC-CE. However, in presence of PCell BFR, the RACH procedure will be triggered to transmit the modified BFR MAC-CE in Msg3/A. 
Once transmitted, the modified BFR MAC-CE can indicate corresponding BFR info per CC based on the configured BFR type. For example, if a CC is configured with per-TRP BFR, the failed TRP ID(s) of the two TRPs can be indicated by a 2-bit field reserved for this CC. If a CC is configured with PCell or SCell BFR, the failed CC ID can be indicated by a 1-bit field reserved for this CC. The corresponding new beam ID per failed TRP/CC can be listed sequentially after the fixed fields indicating the failed TRP/CC IDs. The above indication of failed TRP/CC ID and corresponding new beam is similar to the structure of the existing BFR MAC-CE.
Proposal 11: A CC can be configured with either per-TRP BFR or PCell/SCell BFR. A modified BFR MAC-CE from R16 can indicate corresponding BFR info per CC based on the configured BFR type.
· If a CC is configured with per-TRP BFR, MAC-CE will indicate CC ID, failed TRP ID, new beam ID.
· If a CC is configured with SCell BFR, MAC-CE will indicate failed CC ID and new beam ID.
· If a CC is configured with PCell BFR, MAC-CE will indicate the failure event. 

In addition to the cell level failure of PCell, UE may have to rely on the RACH procedure to transmit the modified BFR MAC-CE if no dedicated PUCCH-RS is configured. 
Proposal 12: If no dedicated PUCCH-SR or if cell level failure of PCell happens, the modified BFR MAC-CE can be transmitted via RACH procedure.
After transmitting the modified BFR MAC-CE, UE is expected to receive the corresponding gNB response, which can be the next DCI scheduling new PUSCH transmission with same HARQ ID as the PUSCH carrying the modified BFR MAC-CE. Similar to SCell BFR, after 28 symbols form receiving the gNB response, both gNB and UE will reset the beam(s) and/or power control parameters at least for PDCCH/PUCCH associated with the failed TRP, if a new candidate beam is reported for the failed TRP in the modified BFR MAC-CE. In addition, in presence of PDCCH repetition, the 28 symbols start from the last repetition. 
Proposal 13: The gNB response to the modified BFR MAC-CE can be the DCI scheduling UL grant with same HARQ ID as the one carrying the modified BFR MAC-CE.
· After 28 symbols from receiving the gNB response, at least PDCCH/PUCCH beam will be reset for the failed TRP if a candidate beam is reported for it.
· In presence of PDCCH repetition, the 28 symbols start from the last repetition. 

4. Other Enhancements for mTRP BM
In R15, if a UE, configured for single cell operation or intra-band CA, monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETS that have QCL-TypeD properties on active DL BWPs of one or more cells, the prioritization rule is specified. That is, the UE monitors PDCCHs only in a CORESET (or multiple CORESETS having same QCL-TypeD as the CORESET) corresponding to the CSS set with the lowest index in the cell with the lowest index containing CSS. If no cell contains CSS, the UE monitors PDCCH in a CORESET corresponding to the USS set with the lowest index in the cell with lowest index. 
In case of mDCI based mTRP, the above QCL prioritization rule for overlapped CORESETs can be extended such that one QCL is prioritized per TRP by apply the rule among the CORESETs associated with the same TRP. Therefore, PDCCHs from two TRPs can be received simultaneously at the UE. 
Proposal 14: In multi-DCI based mTRP, the existing QCL prioritization rule for overlapped CORESETs should be applied within CORESETs with same CORESETPoolIndex.
In R16, simultaneous dual default PDSCH beams have been introduced in multi-TRP. The two features related to multi-DCI based and single-DCI based multi-TRP/panel transmission are agreed to be part of UE capability. While these features are indicated by separate UE capability, the UE may prefer to disable it for power saving purposes. For example, a capable UE with short remaining battery life may only activate a single Rx panel at one time and keep the other panels in sleep mode. In this scenario, it would be beneficial for UE to recommend disabling the dual default PDSCH beam operation. 
Proposal 15: For power saving, UE can request to disable the dual default PDSCH beams in mTRP.
5. [bookmark: _Hlk31296570]Conclusion
In this contribution we discussed beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception. Below are the observations and proposals
Proposal 1: For group-based beam report, introduce beam set (or TRP) index per candidate beam. UE shall report simultaneously receivable beams with different beam set indices.
Proposal 2: For L1-SINR based group report, gNB configures multiple candidate beam groups, among which UE reports beam group(s) such that the two beams per group can be received simultaneously.
· The corresponding CMR/IMR per beam in each candidate group should be configured such that the reported L1-SINR per beam reflects cross-beam interference from the other beam in the group.

Proposal 3: For group-based beam report, it can be considered for UE to report throughput related metric per reported beam group, including sum of CQI, capacity, mutual info.
Proposal 4: For group-based beam report, UE can report more than one beam group, which can be sorted based on metric per group.
Proposal 5: For group report, gNB can signal the purpose (for throughput or reliability), operation mode (FDM/SDM/TDM), and corresponding beam pair selection criterion (based on sum or minimum of metrics of the two reported beams).
Proposal 6: For enhanced group report, support Option 2. 
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group.
· Different beams within a pair/group can be received simultaneously.

Proposal 7: For mDCI mTRP, support both explicit and implicit per-TRP BFD.
Proposal 8: For mDCI mTRP, the implicit BFD RSs associated with a CORESETPoolIndex can be the QCL-TypeD RSs in up to X TCI states for CORESETs sharing the same CORESETPoolIndex.
· X can be determined in spec or via UE capability. 
· In absence of QCL-TypeD RS, the single QCL source RS in the TCI state can be the implicit BFD RS.

Proposal 9: TRP specific BFD PHY indicator should be introduced to indicate each occurrence of TRP specific beam failure to the MAC layer.
Proposal 10: Support up to one PUCCH-SR resource in a cell group.
· Two candidate spatial relations can be configured for the one PUCCH-SR resource.
· Among the two spatial relations, UE can select the one not associated with failed TRP for transmission.
· The same PUCCH-SR can be triggered by both per-TRP BFR and SCell BFR. 

Proposal 11: A CC can be configured with either per-TRP BFR or PCell/SCell BFR. A modified BFR MAC-CE from R16 can indicate corresponding BFR info per CC based on the configured BFR type.
· If a CC is configured with per-TRP BFR, MAC-CE will indicate CC ID, failed TRP ID, new beam ID.
· If a CC is configured with SCell BFR, MAC-CE will indicate failed CC ID and new beam ID.
· If a CC is configured with PCell BFR, MAC-CE will indicate the failure event. 

Proposal 12: If no dedicated PUCCH-SR or if cell level failure of PCell happens, the modified BFR MAC-CE can be transmitted via RACH procedure.
Proposal 13: The gNB response to the modified BFR MAC-CE can be the DCI scheduling UL grant with same HARQ ID as the one carrying the modified BFR MAC-CE.
· After 28 symbols from receiving the gNB response, at least PDCCH/PUCCH beam will be reset for the failed TRP if a candidate beam is reported for it.
· In presence of PDCCH repetition, the 28 symbols start from the last repetition. 

Proposal 14: In multi-DCI based mTRP, the existing QCL prioritization rule for overlapped CORESETs should be applied within CORESETs with same CORESETPoolIndex.
Proposal 15: For power saving, UE can request to disable the dual default PDSCH beams in mTRP.
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