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Introduction
In RAN#86 meeting, a new WID [1] of ‘Further enhancements on MIMO for NR’ was approved. In this contribution, we discuss remaining issues for beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception.

Beam management enhancement for MTRP 
In RAN1#106-e meeting, following agreements were made for the beam measurement/reporting Option 2.
	[bookmark: _Hlk83652852]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. 
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




[bookmark: _Hlk83652348][bookmark: _Hlk83721114]For aperiodic report of group-based beam reporting option 2, if two aperiodic CSI-RS resource sets are triggered by one DCI, default QCL assumption should be defined for the aperiodic CSI-RS resources from the two CSI-RS resource sets if the scheduling offset between the DCI and one aperiodic CSI-RS resource is smaller than UE reported threshold. And we should first discuss whether to allow the CSI-RS resources from two CSI-RS resource sets overlap in time or not, which may lead to different QCL assumption rules. In addition, similar as Rel-16, the default QCL assumption rules should be defined for single-DCI based MTRP and multi-DCI based MTRP separately.
Proposal 1
· For aperiodic report of group-based beam reporting option 2, if one DCI triggers two aperiodic CSI-RS resource sets and the scheduling offset between the DCI and one aperiodic CSI-RS resource is smaller than UE reported threshold, the default QCL assumption for CSI-RS resources from the two CSI-RS resource sets should be defined.

Beam failure recovery enhancement for MTRP
· BFD-RS configuration
In RAN1#106-e meeting, implicit configuration of BFD-RS sets for per-TRP BFR is supported for multi-DCI based MTRP but not supported for single-DCI based MTRP. For explicit configuration of BFD-RS sets for per-TRP BFR, following agreement was made.
	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.



Above agreement applies to both multi-DCI based MTRP and single-DCI based MTRP. However, whether RRC and/or MAC CE is used for explicit configuration is still under discussion. First, we think at least RRC based configuration should be supported, which is aligned with Rel-15/16 mechanism. In addition, considering that the TCI state of CORESET can be updated by MAC CE, which is not consistent with the BFD-RS update time scale, MAC CE based configuration of explicit BFD-RS can be also supported.
Proposal 2
· For explicit configuration of two BFD-RS resource sets for per-TRP BFR, at least support RRC based configuration for single-DCI MTRP and multi-DCI MTRP, and also support MAC CE based configuration for single-DCI MTRP and multi-DCI MTRP.

For implicit configuration of BFD-RS set for per-cell BFR and per-TRP BFR, based on current TS 38.213, the condition is ‘if the UE is not provided  …’ and ‘if the UE is not provided  or  …’, respectively. However, if UE is not provided ,  or , how does UE know it should determine one BFD-RS set for per-cell BFR or two BFD-RS sets for per-TRP BFR? The condition is not clear enough. We think the configuration of NBI-RS set could imply the per-cell BFR or per-TRP BFR, hence, we provide following text proposal for TS 38.213.

Proposal 3
· Adopt following TP for TS 38.213.

	6	Link recovery procedures
[…]
If the UE is not provided  by failureDetectionResourcesToAddModList, but provided , for a BWP of the serving cell, the UE determines the set  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH. If the UE is not provided  or , but provided  and , for a BWP of the serving cell, the UE determines the set  or  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for first and second CORESETs that the UE uses for monitoring PDCCH, where the UE is provided two coresetPoolIndex values 0 and 1 for the first and second CORESETs, or is not provided coresetPoolIndex value for the first CORESETs and is provided coresetPoolIndex value of 1 for the second CORESETs, respectively. If there are two RS indexes in a TCI state, the set  includes RS indexes configured with qcl-Type set to 'typeD' for the corresponding TCI states. If a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', the set  includes RS indexes in the RS sets associated with the two TCI states. The UE expects the set  to include up to two RS indexes. The UE expects the set  or the set  to include up to a number of  RS indexes indicated by capabilityparametername. If a number of active TCI states for PDCCH receptions in the first or second CORESETs is larger than , the UE determines the set  or  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets associated with the active TCI states for PDCCH receptions in the first or second CORESETs corresponding to search space sets according to an ascending order for monitoring periodicity. If more than one first or second CORESETs correspond to search space sets with same monitoring periodicity, the UE determines the order of the first or second CORESETs according to a descending order of a CORESET index. The UE expects single port RS in the set , or , or . The UE expects single-port or two-port CSI-RS with frequency density equal to 1 or 3 REs per RB in the set , or , or .



· PUCCH-SR/SR configuration and triggering procedure
In RAN1#106b-e and RAN1#107-e meetings, following agreements were made on PUCCH-SR . 
	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
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.


In RAN2#116b-e meeting, following agreement was made on relationship between PUCCH-SR resource and SR configuration.
	· One SR configuration is associated with one PUCCH-SR resource. Up to two SR configurations are signaled for multi TRP BFR i.e. up to two schedulingRequestId for multi TRP BFR are included in MAC-CellGroupConfig.



Based on current discussion progress, there are following two remaining issues for per-TRP BFR.
Issue#1: when can two dedicated PUCCH-SR resources/SR configurations be configured?
Issue#2: whether support association configuration between a BFD-RS set on SCell and a PUCCH-SR resource/SR configuration for BFR? 
The two issues are also related to each other. For Issue#1, although it can be regarded as a gNB implementation issue, some conditions for configuration can be considered to simplify the per-TRP BFR operation. In that case, following two options can be considered.
Option 1: two dedicated PUCCH-SR resources/SR configurations can be configured, only when SpCell is configured with two BFD-RS sets. 
· In that case, when SpCell is configured with one BFD-RS set (i.e., per-cell BFR), there is no need to configure two dedicated SR configurations and one SR configuration for BFR is sufficient. Even if an SCell is configured with Rel-17 two BFD-RS sets, one SR configuration on SpCell is sufficient for BFR considering that the TRP information on SCell and TRP information on SpCell may be different. Even if the TRP information on SCell and SpCell is the same, BFD on one TRP on SCell does not mean the same TRP on SpCell cannot be used considering different interference condition. Hence, Option 1 is reasonable.
· In Option1, the answer to Issue#2 is straightforward. There is no need to support association configuration between a BFD-RS set on SCell and a SR configuration for BFR. One SR configuration for BFR is sufficient to deal with per-TRP BFR on SCell. Even when SpCell is configured with two BFD-RS sets and two SR configurations are configured for BFR, if a BFD-RS set on an SCell fails, the selection of SR configuration can be up to UE implementation, considering that the interference condition on SCell is different from that on SpCell, and the TRP information on SCell and SpCell may be also different. 
Option 2: two dedicated PUCCH-SR resources/SR configurations can be configured, if at least one serving cell regardless of SpCell or SCell is configured with Rel-17 two BFD-RS sets. 
· In that case, even if SpCell is configured with one BFD-RS set, two dedicated SR configurations can be configured for BFR if at least an SCell is configured with Rel-17 two BFD-RS sets. 
· In Option 2, the answer to Issue#2 could be different. If two SR configurations are configured for SCell BFR, it is preferred to support association configuration between a BFD-RS set on SCell and a SR configuration for BFR. Otherwise, there is no motivation to support configuration of two SR configurations in this case. But for an SCell configured with one BFD-RS set, it is unnecessary to configure its association with one SR configuration for BFR.
Comparing the two options above, Option 1 is slightly preferred for simple operation of per-TRP BFR on SCell with no association configuration between a BFD-RS set on SCell and a SR configuration for BFR.

Proposal 4
· Two dedicated PUCCH-SR resources/SR configurations for BFR can be configured, only when SpCell is configured with per-TRP BFR (i.e., two BFD-RS resource sets are configured on SpCell).
· Do not support association configuration between a BFD-RS set on SCell and a PUCCH-SR resource/SR configuration for BFR.

· UE behavior after receiving BFR response
Per-TRP QCL update for DL CORESETs after BFR has been agreed. However, UE behavior on UL channels after per-TRP BFR should be also specified. To enable per-TRP update for UL, the association between PUCCH resources and TRP index (e.g., BFD-RS set ID) on SpCell/PUCCH-SCell should be supported. In that case, if a TRP on a CC fails, the associated PUCCH resources on the same CC should be updated to the new beam found for the failed TRP with reset power control assumption. A TP for TS 38.213 is provided for this issue.
Proposal 5
· Support to configure the association between PUCCH resource and BFD-RS set on SpCell/PUCCH-SCell.
· After receiving BFR response, support the update of UL spatial filter/power control assumption for PUCCHs associated with the failed BFD-RS set.
· Adopt the following TP for TS 38.213.

	[bookmark: _Hlk95392125]6	Link recovery procedures
[…]
For serving cells associated with sets  and , and with sets  and , and having radio link quality worse than Qout,LR, after 28 symbols from a last symbol of a first PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for transmission of the second PUSCH and having a toggled NDI field value, the UE assumes antenna port quasi-collocation parameters 
-	corresponding to  from , if any, for the first CORESETs,
-	corresponding to  from , if any, for the second CORESETs
where the SCS configuration for the 28 symbols is the smallest of the SCS configurations of the active DL BWP for the PDCCH reception and of the active DL BWP(s) of the serving cells.
For a PUCCH-SCell or SpCell associated with sets  and , and with sets  and , and having radio link quality worse than Qout,LR, after 28 symbols from a last symbol of a first PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for transmission of the second PUSCH and having a toggled NDI field value, the UE transmits PUCCH on the PUCCH-SCell or SpCell using a same spatial domain filter as the one corresponding to  from associated set  or ,if any, and using a power determined as described in clause 7.2.1 with , , and , for associated PUCCH, if 
-	the UE is provided PUCCH-SpatialRelationInfo for the PUCCH,
-  a PUCCH with the LRR associated with set  or  was not transmitted on corresponding PUCCH-SCell or SpCell, 
-	the associated set  or  on corresponding PUCCH-SCell or SpCell is indicated by the MAC-CE,
where the SCS configuration for the 28 symbols is the smallest of the SCS configurations of the active DL BWP for the PDCCH reception and of the active DL BWP(s) of the serving cells.



· MTRP BFR for single-DCI based MTRP
For Rel-17 per-TRP BFR, there is more progress on multi-DCI based MTRP than single-DCI based MTRP. However, we have agreed that the explicit configuration of two BFD-RS resource sets for per-TRP BFR applies to both single-DCI based and multi-DCI based MTRP. Hence, we support to complete the feature of MTRP BFR for single-DCI based MTRP as well.
The agreed enhanced BFR MAC CE for per-TRP BFR can be applied to both single-DCI and multi-DCI based MTRP. For single-DCI based MTRP, to support per-TRP QCL update for DL after receiving gNB response, we just need to support the association configuration between CORESET and BFD-RS set, then the UE behavior agreed for multi-DCI based MTRP can be extended to single-DCI based MTRP easily.
Proposal 6
· Support to complete the feature of MTRP BFR for single-DCI based MTRP in Rel-17.
· Support to configure the association between CORESETs and BFD-RS set for single-DCI based MTRP with explicit BFD-RS set configuration.

BFR for MTRP inter-cell
For multi-DCI based MTRP, if inter-cell operation is configured, whether an SSB associated with an additional PCI can be configured as NBI-RS in case of per-TRP BFR should be clarified. And we think it can be supported.
When Rel-16 per-cell BFR is configured for MTRP inter-cell, this issue should be also clarified. And the solution should be consistent between per-cell BFR and per-TRP BFR.

Proposal 7
· For multi-DCI based MTRP inter-cell, if Rel-16 per-cell BFR is configured, SSB associated with additional PCI can be configured as NBI-RS.
· For multi-DCI based MTRP inter-cell, if Rel-17 per-TRP BFR is configured, SSB associated with additional PCI can be configured as NBI-RS in the NBI-RS set associated with corresponding CORESETPoolIndex.


Simultaneous reception of multiple channels/RSs with different QCL-TypeD
In Rel-16, in case of multiple DL channels/RSs collision with different QCL-TypeD, the same QCL-TypeD of different DL channels/RSs should be assumed at UE for some cases, or some priority rule is performed at UE for some cases. In Rel-17, if a UE has the capability of simultaneous reception of two different QCL-TypeD channels/RSs at the same time, the restriction in Rel-16 can be relaxed. A new higher layer signaling can be configured to support such simultaneous reception of multiple channels/RSs with different QCL-TypeD at UE. The detailed methods should be discussed separately for single-DCI based MTRP case and multi-DCI based MTRP case, as well as for different collision cases with different channels/RSs, including PDCCH+PDCCH, CSI-RS+CSI-RS, PDCCH+PDSCH, etc.
For multi-DCI based MTRP, generally, for multiple channels/RSs associated with the same CORESETPoolIndex, the same QCL-TypeD can be assumed at UE for simultaneous reception, while for multiple channels/RSs associated with different CORESETPoolIndex, different QCL-TypeD can be allowed for simultaneous reception at UE. For single-DCI based MTRP, if two TCI states are applied to a PDSCH, only the collision between PDSCH and the other DL channel/RS needs to be considered. Generally, if the QCL-TypeD of the other DL channel/RS is the same as one of the two TCI states of the PDSCH, UE can receive the PDSCH and the other DL channel/RS simultaneously. Otherwise, prioritization rule is needed, and UE can prioritize PDSCH or the other channel/RS depending on different collision cases.
Proposal 8
· Support a higher layer signaling to indicate whether to enable simultaneous reception of multiple channels/RSs with different QCL-TypeD at UE.
· Discuss the UE behavior of simultaneous reception of multiple channels/RSs with different QCL-TypeD separately for single-DCI based MTRP and multi-DCI based MTRP cases, as well as different collision cases for different channels/RSs (e.g., PDCCH+PDCCH, CSI-RS+CSI-RS, PDCCH+PDSCH, etc).

Conclusion
In this contribution, we discussed the remaining issues on beam management enhancements for MTRP. Based on the discussion, we made the following proposals.
Proposal 1
· For aperiodic report of group-based beam reporting option 2, if one DCI triggers two aperiodic CSI-RS resource sets and the scheduling offset between the DCI and one aperiodic CSI-RS resource is smaller than UE reported threshold, the default QCL assumption for CSI-RS resources from the two CSI-RS resource sets should be defined.
Proposal 2
· For explicit configuration of two BFD-RS resource sets for per-TRP BFR, at least support RRC based configuration for single-DCI MTRP and multi-DCI MTRP, and also support MAC CE based configuration for single-DCI MTRP and multi-DCI MTRP.
Proposal 3
· Adopt following TP for TS 38.213.
	6	Link recovery procedures
[…]
If the UE is not provided  by failureDetectionResourcesToAddModList, but provided , for a BWP of the serving cell, the UE determines the set  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH. If the UE is not provided  or , but provided  and , for a BWP of the serving cell, the UE determines the set  or  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for first and second CORESETs that the UE uses for monitoring PDCCH, where the UE is provided two coresetPoolIndex values 0 and 1 for the first and second CORESETs, or is not provided coresetPoolIndex value for the first CORESETs and is provided coresetPoolIndex value of 1 for the second CORESETs, respectively. If there are two RS indexes in a TCI state, the set  includes RS indexes configured with qcl-Type set to 'typeD' for the corresponding TCI states. If a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', the set  includes RS indexes in the RS sets associated with the two TCI states. The UE expects the set  to include up to two RS indexes. The UE expects the set  or the set  to include up to a number of  RS indexes indicated by capabilityparametername. If a number of active TCI states for PDCCH receptions in the first or second CORESETs is larger than , the UE determines the set  or  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets associated with the active TCI states for PDCCH receptions in the first or second CORESETs corresponding to search space sets according to an ascending order for monitoring periodicity. If more than one first or second CORESETs correspond to search space sets with same monitoring periodicity, the UE determines the order of the first or second CORESETs according to a descending order of a CORESET index. The UE expects single port RS in the set , or , or . The UE expects single-port or two-port CSI-RS with frequency density equal to 1 or 3 REs per RB in the set , or , or .


Proposal 4
· Two dedicated PUCCH-SR resources/SR configurations for BFR can be configured, only when SpCell is configured with per-TRP BFR (i.e., two BFD-RS resource sets are configured on SpCell).
· Do not support association configuration between a BFD-RS set on SCell and a PUCCH-SR resource/SR configuration for BFR.
Proposal 5
· Support to configure the association between PUCCH resource and BFD-RS set on SpCell/PUCCH-SCell.
· After receiving BFR response, support the update of UL spatial filter/power control assumption for PUCCHs associated with the failed BFD-RS set.
· Adopt the following TP for TS 38.213.
	6	Link recovery procedures
[…]
For serving cells associated with sets  and , and with sets  and , and having radio link quality worse than Qout,LR, after 28 symbols from a last symbol of a first PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for transmission of the second PUSCH and having a toggled NDI field value, the UE assumes antenna port quasi-collocation parameters 
-	corresponding to  from , if any, for the first CORESETs,
-	corresponding to  from , if any, for the second CORESETs
where the SCS configuration for the 28 symbols is the smallest of the SCS configurations of the active DL BWP for the PDCCH reception and of the active DL BWP(s) of the serving cells.
For a PUCCH-SCell or SpCell associated with sets  and , and with sets  and , and having radio link quality worse than Qout,LR, after 28 symbols from a last symbol of a first PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for transmission of the second PUSCH and having a toggled NDI field value, the UE transmits PUCCH on the PUCCH-SCell or SpCell using a same spatial domain filter as the one corresponding to  from associated set  or ,if any, and using a power determined as described in clause 7.2.1 with , , and , for associated PUCCH, if 
-	the UE is provided PUCCH-SpatialRelationInfo for the PUCCH,
-  a PUCCH with the LRR associated with set  or  was not transmitted on corresponding PUCCH-SCell or SpCell, 
-	the associated set  or  on corresponding PUCCH-SCell or SpCell is indicated by the MAC-CE,
where the SCS configuration for the 28 symbols is the smallest of the SCS configurations of the active DL BWP for the PDCCH reception and of the active DL BWP(s) of the serving cells.


Proposal 6
· Support to complete the feature of MTRP BFR for single-DCI based MTRP in Rel-17.
· Support to configure the association between CORESETs and BFD-RS set for single-DCI based MTRP with explicit BFD-RS set configuration.
Proposal 7
· For multi-DCI based MTRP inter-cell, if Rel-16 per-cell BFR is configured, SSB associated with additional PCI can be configured as NBI-RS.
· For multi-DCI based MTRP inter-cell, if Rel-17 per-TRP BFR is configured, SSB associated with additional PCI can be configured as NBI-RS in the NBI-RS set associated with corresponding CORESETPoolIndex.
Proposal 8
· Support a higher layer signaling to indicate whether to enable simultaneous reception of multiple channels/RSs with different QCL-TypeD at UE.
· Discuss the UE behavior of simultaneous reception of multiple channels/RSs with different QCL-TypeD separately for single-DCI based MTRP and multi-DCI based MTRP cases, as well as different collision cases for different channels/RSs (e.g., PDCCH+PDCCH, CSI-RS+CSI-RS, PDCCH+PDSCH, etc).
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