


[bookmark: _Hlk510698672]3GPP TSG RAN WG1 Meeting #107-e	R1- 2112199
November 11th – 19th, 2021


[bookmark: Source]Agenda item:	8.1.2.3
Source: 	Qualcomm Incorporated
Title: 	Enhancements on beam management for multi-TRP
[bookmark: DocumentFor]Document for:	Discussion/Decision
1. [bookmark: _Hlk31184113]Introduction
The following agreements have been achieved for enhanced beam management for mTRP in RAN1 #106-bis-e.   
	Agreement
Support to configure an association between a BFD-RS set on SpCell and a PUCCH-SR resource / SR configuration for per TRP BFR.
· FFS: Configure an association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR
A UE capability signaling is introduced for indicating the support of this association. Above applies only for multi-DCI case.

Agreement
RACH-based transmission can be triggered on a SpCell at least in the following scenarios
· Scenario 1: When beam failure is detected on all BFD-RS sets on the SpCell 
· FFS: other scenarios
· Scenario 2: at least one TRP fails on SpCell
· Scenario 3: at least one pre-defined TRP fails on SpCell
· Scenario 4: at least one TRP fails and no PUCCH-SR is configured, and no UL grant is available
· Scenario 5: If MAC-CE based reporting does not work (details FFS)
· Scenario 6: When no PUCCH-SR is configured

Agreement
To associate BFD-RS set k and NBI-RS set j
· Alt-1: 1-to-1, fixed in spec
· Whether NBI-RS configuration is mandatory is separate discussion

Conclusion
Design of MAC-CE related to SpCell when transmitted on msg3, msgA is up to RAN2.

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 CORESETPoolIndex  k (k=0,1) is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD -RS set k (k=0,1) in the MAC-CE for TRP -specific BFR 
· The above applies to Scell and SpCell 
· The above applies for the multi-DCI case

Agreement
SCS of the 28 symbols is the smallest SCS of the active DL BWP for the response reception CC and of the active DL BWP (s) of the CC(s) with the failed TRP link(s) reported in BFR MAC CE.

Agreement
For RACH-based transmission, at least when all BFD-RS sets fail in SPCell, CBRA is supported


2. [bookmark: _Hlk31296548]Enhanced Group Based Beam Report
In the context of inter-cell mTRP, group-based beam report should be extended such that the two reported beams per group can be from serving and non-serving cells, respectively. For example, one reported RS can have the root QCL source RS as SSB from a non-serving cell, while the other reported RS can have the root QCL source RS from the serving cell. Both reported beams from serving and non-serving cells in a beam group can be simultaneously received by the UE.
Proposal 1: For group-based beam report in inter-cell mTRP, support that the two reported beams per group can be from serving and non-serving cells, respectively. 
[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.
· To compute L1-SINR for gNB beam 1 of two gNB beams in a group, CMR is from gNB beam 1, IMR is from gNB beam 2, and both are measured by UE Rx beam for gNB beam 1. 
· Similar configuration is used to compute L1-SINR for gNB beam 2 in the same group.

Furthermore, evaluation is conducted to compare L1-SINR based and L1-RSRP based beam group selection. The sim assumptions are summarized in Table 2. The considered channel model is indoor hotspot. The carrier frequency is 28 GHz with BW of 100 MHz. To isolate the impact of inter-cell interference, a single cell is considered with radius of 20 m and 2 co-located TRPs mounted on the ceiling. Total 5 random runs are simulated. In each run, UEs are randomly dropped in the cell with average UE number of 40. For L1-SINR based beam group selection, two different beams from the two TRPs with minimum of the two L1-SINRs maximized across all candidate beam groups are selected. For L1-RSRP based beam group selection, two different beams from the two TRPs with minimum of the two L1-RSRPs maximized across all candidate beam groups are selected. 
The UE thought gain is summarized in Table 1 with corresponding CDFs shown in Figure 1, where the 50%ile throughput gain is substantial for L1-SINR based beam group selection and confirms the intuition for considering cross-beam interference. Detailed comparison results of UE throughput and SINR for each run and across all runs can be found in Table 3 and 4.
Observation 1: It can be observed that L1-SINR based beam group selection can achieve substantial UE throughput gain over L1-RSRP based beam group selection.
· 5%ile gain: 51.9%
· 50%ile gain: 56.7%
· 95%ile gain: 11.3%

	
	5% Percentile
- L1-RSRP
	5% Percentile
- L1-SINR
	50% Percentile
- L1-RSRP
	50% Percentile
- L1-SINR
	95% Percentile
- L1-RSRP
	95% Percentile
- L1-SINR

	UE Tput (Mbps)
	2.3853
	3.6236
	10.2755
	16.1090
	24.5854
	27.3659

	UE Tput Gain [%]
	NA
	51.9%
	NA
	56.7%
	NA
	11.3%


Table 1: Summary of UE throughput gain of L1-SINR based vs. L1-RSRP based beam group selection 

[image: cid:image002.png@01D7BC4F.01DD2F30]
Figure 1: Throughput CDF comparison across all UEs in all runs

	Channel model
	Indoor hotspot

	BW 
	100 MHz

	Carrier frequency
	28 GHz

	Cell deployment
	Single cell

	Cell radius
	20 m

	TRP deployment per cell
	2 co-located TRPs mounted on the ceiling

	Average UE # per cell
	40

	L1-RSRP based beam group selection criterion for each UE
	Two different beams from two TRPs with minimum L1-RSRP maximized 

	L1-SINR based beam group selection criterion for each UE
	Two different beams from two TRPs with minimum L1-SINR maximized

	Sim runs
	5 runs, each run has random UE drop in a single cell


Table 2: Simulation assumptions for L1-SINR vs. L1-RSRP comparison

	UE Tput
(Mbps)
	5% Percentile
- L1-RSRP
	5% Percentile
- L1-SINR
	50% Percentile
- L1-RSRP
	50% Percentile
- L1-SINR
	95% Percentile
- L1-RSRP
	95% Percentile
- L1-SINR

	Cell 1
	1.8806
	3.3091
	11.1537
	14.1318
	18.6254
	68.4791

	Cell 2
	3.3090
	7.5681
	15.6673
	16.8646
	27.4773
	26.1319

	Cell 3
	3.9699
	0.4647
	8.2700
	19.8489
	24.6015
	29.7328

	Cell 4
	2.5348
	1.5828
	9.6630
	13.6672
	26.5490
	26.1244

	Cell 5
	0.8643
	6.8035
	10.0601
	17.4436
	21.2381
	26.8734

	All Cells
	2.3853
	3.6236
	10.2755
	16.1090
	24.5854
	27.3659

	All Cells Gain [%]
	NA
	51.9%
	NA
	56.7%
	NA
	11.3%


Table 3: Comparison of UE throughput for each run and across all runs
[bookmark: _Hlk86763753]
	SINR
(dB)
	5% Percentile
- L1-RSRP
	5% Percentile
- L1-SINR
	50% Percentile
- L1-RSRP
	50% Percentile
- L1-SINR
	95% Percentile
- L1-RSRP
	95% Percentile
- L1-SINR

	Cell 1
	-3.8400
	-1.1600
	9.1500
	12.2500
	29.9000
	28.5200

	Cell 2
	-4.2600
	-2.5200
	9.3500
	13.4750
	29.9000
	28.9200

	Cell 3
	-7.1900
	-5.2900
	5.6000
	11.3500
	26.2400
	29.9000

	Cell 4
	-5.5000
	-8.3000
	8.8000
	13.3000
	26.4000
	25

	Cell 5
	-4.9900
	-0.2950
	9.0250
	14.5000
	22.5700
	29.9000

	All Cells
	-5.2000
	-3.1750
	9
	13.3000
	29.6550
	29


Table 4: Comparison of UE SINR per beam for each run and across all runs
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.
One remaining issue on the enhanced group based report is whether UE could report the two beams are received with different Rx beams. We believe this info is beneficial to indicate the potential usage for this reported beam group, e.g. for throughput enhancement or diversity. Therefore, gNB can apply the appropriate transmission scheme.
Proposal 4: For group-based beam report, UE can report the two beams are received by the same or different Rx beams.
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).
3. [bookmark: _Hlk54354008]TRP Specific BFR
As another remaining topic for TRP specific BFR, it would be beneficial to configure either cell-level or TRP-level TRP in a CC to limit complexity. If both are simultaneously configured, UE may need to perform separate BFD measurement and generate separate PHY indicator for both BFR types per CC. The MAC-CE may also need more bits to indicate which BFR type is triggered for a given CC. For TRP specific BFR, it can also indicate cell-level BFR by reporting the failure of both TRPs. Therefore, one type of BFR per CC should be sufficient. 
[bookmark: _Hlk71216827]Proposal 6: Either cell-specific or TRP specific BFR, but not both, can be configured in the same CC.
Another remaining issue is when 2 PUCCH-SR resources are configured in a cell group, should they be mapped to different SR IDs or the same SR ID. We slightly prefer the same SR ID to reduce the SR ID number. Upon detection of TRP failure, the same SR ID will be triggered regardless which TRP fails. The 2 PUCCH-SR resources can be configured under the same schedulingRequestConfig, and the PUCCH-SR resource corresponding to the failed TRP is used to transmit the SR.
[bookmark: _Hlk71032784]Proposal 7: When two PUCCH-SR resources are configured in a cell group, they can be mapped to the same schedulingRequestId to avoid two schedulingRequestIds.
· [bookmark: _Hlk61798644][bookmark: _Hlk61791439]The PUCCH-SR resource associated with the failed BFD-RS set is used to transmit the SR.

It has been agreed in RAN1 #106e that 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 serve as the implicit BFD RS. The same rule has been applied to the legacy cell level BFD in R15/16. 
Proposal 8: In case of implicit BFD RS for mDCI mTRP, in absence of QCL-TypeD RS in the CORESET TCI states, the single QCL source RS in the TCI state can serve as the implicit BFD RS.
For mDCI mTRP, a rule should be specified to determine the implicit BFD RSs when the number of CORESET TCI states for a TRP exceeds the maximum number of BFD RSs per TRP, which can be either a fixed number or up to UE capability. Therefore, gNB can ensure the more critical CORESET TCI states are monitored. The rule can also help align the counting of UE capability on the measured RS number per slot, since the BFD RS for different CORESET TCI states may have different periodicity. 
Proposal 9: For mDCI mTRP, the implicit BFD RSs can be determined based on a rule, when the number of TCI states for CORESETs sharing the same CORESETPoolIndex exceeds the maximum number of implicit BFD RSs per TRP. 
· The rule can be similar to that for determining the implicit RLM RS. 

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 10: 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. 

[bookmark: _Hlk83890682]It has been agreed in RAN1 #106e that after 28 symbols from receiving the gNB response, both gNB and UE will reset the beam(s) at least for CORESET(s) associated with the failed BFD-RS set, if a new candidate beam is reported for the failed BFD-RS set in the modified BFR MAC-CE. The detailed association between CORESET(s) and the failed BFD-RS set is FFS. The same beam resetting rule should be extended to the PUCCH associated with the failed TRP for fast recovery of UL beam for HARQ ACK and beam report. In addition, in presence of PDCCH repetition, the 28 symbols should start from the last repetition. If the CC for BFR response and the CC with failed TRP have different SCSs, the SCS of the 28 symbols can be determined as the largest SCS of them. 
Proposal 11: After 28 symbols from receiving the gNB response, the PUCCH beam for the failed BFD-RS set and the corresponding power control parameters should be reset in addition to the agreed PDCCH beam for the failed BFD-RS set if a candidate beam is reported for it.
· In presence of PDCCH repetition, the 28 symbols start from the last repetition. 
· The SCS of the 28 symbols is the largest SCS of the response receiving CC and the CC with failed TRP.

After the beam resetting, the PUCCH power can be determined based on 38.213->7.2.1 with parameters clarified as below. The q_u for the P0 determination is 0. The q_d for the PL RS determination is the reported NBI-RS for the failed BFD RS set. For the closed loop index l, l=0 if the UE is not provided twoPUCCH-PC-AdjustmentStates. Otherwise, l is the failed BFD RS set index, which can be either 0 or 1.
Proposal 12: For the PUCCH beam and power control parameter resetting, the PUCCH transmission should use a power determined in 38.213->7.2.1 with parameters determined as below
· For the parameter q_u and q_d,
· q_u =0, and q_d as the reported NBI-RS for the failed BFD RS set.
· For the parameter l,
· If the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-SpatialRelationInfo, l=0.
· Otherwise, l is the failed BFD RS set index, which can be either 0 or 1.

[bookmark: _Hlk83895955][bookmark: _Hlk83896468]Furthermore, the association between CORESET(s) and the failed BFD-RS set can be determined as below. If COERSETPoolIndex is not configured, the association can be identified by introducing an RRC linkage between each CORESET and the associated BFD-RS set index. 
Proposal 13: For the CORESET beam resetting after the response, the association between CORESETs and failed BFD-RS set can be determined as below.
· For sDCI mTRP with explicit BFD RS, the associated COERSETs can be identified by introducing an RRC linkage between each CORESET and the associated BFD-RS set index.

[bookmark: _Hlk83902248]For the association between PUCCH(s) and the failed BFD-RS set, at least two PUCCH resource groups introduced in R16 can be configured, and the associated PUCCH resources should have the PUCCH resource group index same as the failed BFD-RS set index.
[bookmark: _Hlk83898045]Proposal 14: For the PUCCH beam resetting after the response, the association between PUCCH resources and failed BFD-RS set can be determined as below.
· For mDCI mTRP with explicit/implicit BFD RS and sDCI mTRP with explicit BFD RS, at least two PUCCH resource groups introduced in R16 can be configured, and the associated PUCCH resources should have the PUCCH resource group index same as the failed BFD-RS set index.

For TRP specific BFR, it has been agreed that the UE PHY layer reports to the MAC layer that beam failure happens for a given TRP when estimated hypothetic BLER, Qout,LR, is above a threshold for all measured BFD RS(s) in the BFD RS set corresponding to that TRP. A remaining issue is whether the hypothetic BLER threshold should be newly defined or reuse the existing threshold for cell level BFR, which corresponds to the default value of rlmInSyncOutOfSyncThreshold. We prefer to reuse the existing threshold, since the BFD RS quality threshold should be identical for both TRP level and cell level BFR.
Proposal 15: The threshold Qout,LR for TRP specific BFD can reuse the existing default value of rlmInSyncOutOfSyncThreshold for cell level BFD.
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 16: 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. 
[bookmark: _Hlk68361768]Proposal 17: 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.
Observation 1: It can be observed that L1-SINR based beam group selection can achieve substantial UE throughput gain over L1-RSRP based beam group selection.
· 5%ile gain: 51.9%
· 50%ile gain: 56.7%
· 95%ile gain: 11.3%

Proposal 1: For group-based beam report in inter-cell mTRP, support that the two reported beams per group can be from serving and non-serving cells, respectively. 
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.
· To compute L1-SINR for gNB beam 1 of two gNB beams in a group, CMR is from gNB beam 1, IMR is from gNB beam 2, and both are measured by UE Rx beam for gNB beam 1. 
· Similar configuration is used to compute L1-SINR for gNB beam 2 in the same 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 the two beams are received by the same or different Rx beams.
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: Either cell-specific or TRP specific BFR, but not both, can be configured in the same CC.
Proposal 7: When two PUCCH-SR resources are configured in a cell group, they can be mapped to the same schedulingRequestId to avoid two schedulingRequestIds.
· The PUCCH-SR resource associated with the failed BFD-RS set is used to transmit the SR.

Proposal 8: In case of implicit BFD RS for mDCI mTRP, in absence of QCL-TypeD RS in the CORESET TCI states, the single QCL source RS in the TCI state can serve as the implicit BFD RS.
Proposal 9: For mDCI mTRP, the implicit BFD RSs can be determined based on a rule, when the number of TCI states for CORESETs sharing the same CORESETPoolIndex exceeds the maximum number of implicit BFD RSs per TRP. 
· The rule can be similar to that for determining the implicit RLM RS. 

Proposal 10: 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 11: After 28 symbols from receiving the gNB response, the PUCCH beam for the failed BFD-RS set and the corresponding power control parameters should be reset in addition to the agreed PDCCH beam for the failed BFD-RS set if a candidate beam is reported for it.
· In presence of PDCCH repetition, the 28 symbols start from the last repetition. 
· The SCS of the 28 symbols is the largest SCS of the response receiving CC and the CC with failed TRP.

Proposal 12: For the PUCCH beam and power control parameter resetting, the PUCCH transmission should use a power determined in 38.213->7.2.1 with parameters determined as below
· For the parameter q_u and q_d,
· q_u =0, and q_d as the reported NBI-RS for the failed BFD RS set.
· For the parameter l,
· If the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-SpatialRelationInfo, l=0.
· Otherwise, l is the failed BFD RS set index, which can be either 0 or 1.

Proposal 13: For the CORESET beam resetting after the response, the association between CORESETs and failed BFD-RS set can be determined as below.
· For sDCI mTRP with explicit BFD RS, the associated COERSETs can be identified by introducing an RRC linkage between each CORESET and the associated BFD-RS set index.

Proposal 14: For the PUCCH beam resetting after the response, the association between PUCCH resources and failed BFD-RS set can be determined as below.
· For mDCI mTRP with explicit/implicit BFD RS and sDCI mTRP with explicit BFD RS, at least two PUCCH resource groups introduced in R16 can be configured, and the associated PUCCH resources should have the PUCCH resource group index same as the failed BFD-RS set index.

Proposal 15: The threshold Qout,LR for TRP specific BFD can reuse the existing default value of rlmInSyncOutOfSyncThreshold for cell level BFD.
Proposal 16: In multi-DCI based mTRP, the existing QCL prioritization rule for overlapped CORESETs should be applied within CORESETs with same CORESETPoolIndex.
Proposal 17: For power saving, UE can request to disable the dual default PDSCH beams in mTRP.
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