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1. Introduction
In this contribution, we discuss remaining issues on M-TRP deployment in Rel-17 FeMIMO.
2. Discussion on M-TRP PUCCH
In Rel-17 M-TRP PUCCH repetition, per-TRP power control in FR1 is supported. A PUCCH resource can be provided with one or two power control parameter sets including p0, PL-RS, closed-loop index. However, in current specification, determination of closed-loop index based on the one or two power control parameter sets provided for a PUCCH resource for M-TRP PUCCH operation in FR1is missing. Thus, we propose to adopt the following TP, otherwise, per TRP closed-loop index cannot be determined for M-TRP PUCCH operation in FR1.

Proposal 2.1: Adopt the following TP for TS 38.213 section 7.2.1.


	<Unchanged text is omitted>
For the PUCCH power control adjustment state  for active UL BWP  of carrier  of primary cell  and PUCCH transmission occasion 
[bookmark: _Hlk534811171]-	 is a TPC command value included in a DCI format associated with the PUCCH transmission for active UL BWP  of carrier  of the primary cell  that the UE detects for PUCCH transmission occasion , or is jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI [5, TS 38.212], as described in clause 11.3
-	 if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-SpatialRelationInfo, or more than one sets of power control parameters for operation in FR1, and  if the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-SpatialRelationInfo, and more than one sets of power control parameters
-	If the UE obtains a TPC command value from a DCI format associated with the PUCCH transmission and if the UE is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-PUCCH-Id, between a set of pucch-SpatialRelationInfoId values and a set of values for closedLoopIndex that provide the  value(s). If the UE receives an activation command indicating a value of pucch-SpatialRelationInfoId, the UE determines the value closedLoopIndex that provides the value of  through the link to a corresponding p0-PUCCH-Id index 
-    If the UE obtains a TPC command value from a DCI format associated with the PUCCH transmission, and if the UE is provided more than one sets of power control parameters for operation in FR1, and if the UE receives an activation command [11, T S 38.321] indicating one or two sets of the more than one sets of power control parameters, the UE determines the value of  based on the closedLoopIndex value in the one or two sets of power control parameters;
-	If the UE obtains a TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUCCH-RNTI, the  value is provided by the closed loop indicator field in DCI format 2_2
<Unchanged text is omitted>



For M-TRP PUCCH repetition, one PUCCH can be activated with two spatial relations. In PUSCH power control, if a PUSCH transmission on a cell is scheduled by DCI format 0_0, spatial relation of the PUCCH resource with lowest index in the active BWP of the cell is used as default PL-RS for the PUSCH. If the PUCCH resource with lowest index is activated with two spatial relations, the spatial relation with lowest index among the two spatial relations is used. In current specification, to determine  for a PUSCH scheduled by DCI format 0_0, when PUCCH resource is provided with one spatial relation, it is clear that the PUCCH resource with lowest index in UL BWP b of carrier f  and serving cell c is used. However, when PUCCH resource is activated with two spatial relations, it is not clear that PUCCH resource with lowest index in which BWP/carrier/serving cell is used. Thus, we propose to adopt the following TP, otherwise, when PUCCH resource is activated with two spatial relations, spatial relation of PUCCH resource with lowest index in which BWP/carrier/serving cell is used as default PL-RS for a PUSCH scheduled by DCI format 0_0 is not clear. 

Proposal 2.2: Adopt the following TP for TS 38.213 section 7.1.1.

	-	is a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index  for the active DL BWP, as described in clause 12, of carrier  of serving cell 
<Unchanged text is omitted>
-	If the PUSCH transmission is scheduled by DCI format 0_0, and 
-	if two spatial settings from PUCCH-SpatialRelationInfo are activated for a PUCCH resource with a lowest index for active UL BWP  of each carrier  and serving cell  , the UE uses the same RS resource index  as for a PUCCH transmission with a spatial setting from the two spatial settings with lowest index in the PUCCH resource with the lowest index for active UL BWP  of each carrier  and serving cell 
-	else, if the UE is provided a spatial setting by PUCCH-SpatialRelationInfo for a PUCCH resource with a lowest index for active UL BWP  of each carrier  and serving cell , as described in clause 9.2.2, the UE uses the same RS resource index  as for a PUCCH transmission in the PUCCH resource with the lowest index
<Unchanged text is omitted>



3. Discussion on M-TRP inter-cell
For M-TRP inter-cell, following QCL resource RSs and QCL-Types are supported for DMRS of PDCCH/PDSCH.
· Option 1: TRS is configured for QCL-TypeA source RS and CSI-RS for BM is configured for QCL-TypeD source RS
· Option 2: TRS is configured for QCL-TypeA and QCL-TypeD source RS
· Option 3: CSI -RS for CSI is configured for QCL -TypeA and QCL -TypeD source RS

In TS38.214, constraints of QCL source RSs and QCL-Types for TRS and CSI-RS for CSI/BM are specified as following.
	5.1.5	Antenna ports quasi co-location
[…]
For a periodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, or
-	'typeC' with an SS/PBCH block and, when applicable,'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.
[…]
For a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s): 
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with an SS/PBCH block, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'typeB' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info when 'typeD' is not applicable.
For a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, the reference RS may additionally be an SS/PBCH block having a PCI different from the PCI of the serving cell. The UE can assume center frequency, SCS, SFN offset are the same for SS/PBCH block from the serving cell and SS/PBCH block having a PCI different from the serving cell.
[…]


As highlighted in above, current TS38.214 only specifies that CSI-RS for BM can have SSB with PCI different from serving cell PCI as QCL source RS. However, the TCI state for DMRS of PDCCH/PDSCH can have QCL resource of TRS or CSI-RS for CSI, and TS38.214 should also specify that QCL source RS of the TRS and CSI-RS for CSI can be SSB with PCI different from serving cell for M-TRP inter-cell beam indication.
Proposal 3.1
· Specify QCL source RS of the TRS and CSI-RS for CSI can be SSB with PCI different from serving cell for M-TRP inter-cell in TS38.214.
· Adopt the following text proposal for TS38.214.
	5.1.5	Antenna ports quasi co-location
[…]
For a periodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, or
-	'typeC' with an SS/PBCH block and, when applicable,'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition. , or
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, the reference RS may additionally be an SS/PBCH block having a PCI different from the PCI of the serving cell. The UE can assume center frequency, SCS, SFN offset are the same for SS/PBCH block from the serving cell and SS/PBCH block having a PCI different from the serving cell.
[…]
For a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s): 
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with an SS/PBCH block, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'typeB' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info when 'typeD' is not applicable. , or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with an SS/PBCH block, the reference RS may additionally be an SS/PBCH block having a PCI different from the PCI of the serving cell. The UE can assume center frequency, SCS, SFN offset are the same for SS/PBCH block from the serving cell and SS/PBCH block having a PCI different from the serving cell.



For multi-DCI based M-TRP in Rel-16, two LTE CRS patterns can be configured for rate matching and each LTE-CRS-pattern is associated with a CORESETPoolIndex. For Rel-17 M-TRP inter-cell, considering the cells with different PCIs may be non-co-located, different LTE CRS patterns could be applied when activated TCI states  are associated with different cells. Hence, for each cell with additional PCI, LTE CRS pattern for rate matching can be configured by RRC signaling. Otherwise, frequent RRC-reconfiguration signaling is needed to update the LTE-CRS-pattern for each CORESETPoolIndex if the activate TCI state(s) associated with a different PCI is updated by MAC CE.

Proposal 3.2
· For each cell with additional PCI, LTE CRS pattern for rate matching can be configured by RRC signaling.

4. Discussion on M-TRP BM/BFR
In last RAN1 meeting, following was agreed for group-based beam reporting.
	Agreement
[bookmark: _Hlk101273070]When the higher layer parameter groupBasedBeamReporting-r17 in CSI -ReportConfig is configured, the UE can be configured with the same or different value(s) of repetition in different CSI Resource Sets.
· FFS: UE reports CRI regardless of whether repetition is set to ‘on’ or not
· Whether/how to capture the above is up to editor. 



In each of the two CSI resource sets for Rel-17 group-based beam reporting, if higher layer parameter repetition is set to ‘off’, beam index of each set is reported. If one CSI resource set has repetition set to ‘on’ and the other CSI resource set has repetition set to ‘off’, there are two options.
· Option 1: The beam index from the CSI resource set with repetition ‘on’ is not reported;
· Option 2: The beam index from the CSI resource set with repetition ‘on’ is reported.
Considering Option 1 could have less CSI reporting overhead, Option 1 is slightly preferred. 
Regarding the case of two CSI resource sets with repetition ‘on’, we think it is useless and can be restricted in spec. On the other hand, it is also okay to not restrict the configuration in spec. but beam index reporting from the two CSI resource sets is not needed.

Proposal 4.1
· When groupBasedBeamReporting-r17 in CSI-ReportConfig is configured, if one CSI resource set has repetition set to ‘on’, the beam index from the CSI resource set with repetition ‘on’ is not reported.
· Adopt the following text proposal for TS38.214.
	[bookmark: _Toc11352115][bookmark: _Toc20318005][bookmark: _Toc27299903][bookmark: _Toc29673170][bookmark: _Toc29673311][bookmark: _Toc29674304][bookmark: _Toc36645534][bookmark: _Toc45810579][bookmark: _Toc100147382]5.2.1.4.3	L1-RSRP Reporting
For L1-RSRP computation
-	the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH block resources, when resource-wise quasi co-located with 'type C' and 'typeD' when applicable.
-	the UE may be configured with CSI-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources within each set. The total number of different CSI-RS resources over all resource sets is no more than 128.
For L1-RSRP reporting, if the higher layer parameter nrofReportedRS in CSI-ReportConfig is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size, if the higher layer parameter nrofReportedRS is configured to be larger than one, or if the higher layer parameter groupBasedBeamReporting is configured as 'enabled', or if the higher layer parameter groupBasedBeamReporting-r17 is configured, the UE shall use differential L1-RSRP based reporting, where the largest measured value of L1-RSRP is quantized to a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the differential L1-RSRP is quantized to a 4-bit value. The differential L1-RSRP value is computed with 2 dB step size with a reference to the largest measured L1-RSRP value which is part of the same L1-RSRP reporting instance. The mapping between the reported L1-RSRP value and the measured quantity is described in [11, TS 38.133]. 
When the higher layer parameter groupBasedBeamReporting-r17in CSI-ReportConfig is configured, the UE shall indicate the CSI Resource Set associated with the largest measured value of L1-RSRP, and for each group, CRI or SSBRI of the indicated CSI Resource Set is present first. When the higher layer parameter groupBasedBeamReporting-r17in CSI-ReportConfig is configured, if one CSI resource set has higher layer parameter repetition set to ‘on’, the CRI or SSBRI of the CSI resource set(s) with repetition ‘on’ is not reported.



· Adopt the following text proposal for TS38.212.
	Table 6.3.1.1.2-8B: Mapping order of CSI fields of one report for group-based CRI/RSRP or SSBRI/RSRP reporting
	CSI report number
	CSI fields

	CSI report #n
	Resource set indicator

	
	CRI or SSBRI #1 of 1st resource group as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #2 of 1st resource group as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #1 of 2nd resource group as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #2 of 2nd resource group as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #1 of 3rd resource group as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #2 of 3rd resource group as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #1 of 4th resource group as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSBRI #2 of 4th resource group as in Table 6.3.1.1.2-6, if reported

	
	RSRP of CRI or SSBRI #1 of 1st resource group as in Table 6.3.1.1.2-6

	
	Differential RSRP of CRI or SSBRI #2 of 1st resource group as in Table 6.3.1.1.2-6

	
	Differential RSRP of CRI or SSBRI #1 of 2nd resource group as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP of CRI or SSBRI #2 of 2nd resource group as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP of CRI or SSBRI #1 of 3rd resource group as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP of CRI or SSBRI #2 of 3rd resource group as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP of CRI or SSBRI #1 of 4th resource group as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP of CRI or SSBRI #2 of 4th resource group as in Table 6.3.1.1.2-6, if reported






In last RAN1 meeting, we agreed to support RRC and MAC CE based explicit BFD-RS sets configuration for both single-DCI based M-TRP and multi-DCI based M-TRP. But the new beam update for CORESET after receiving gNB response for per-TRP BFR for single-DCI based M-TRP is still missing is current spec. To support the new beam update for CORESET associated with the failed BFD-RS set, the association between TCI state and BFD-RS set for single-DCI based M-TRP is needed. Hence, we have following proposal and TP.

Proposal 4.2
· For single-DCI based M-TRP, if two BFD-RS sets are configured for per-TRP BFR, after receiving BFR response, support the update of DL beam for CORESET associated with the failed BFD-RS set.
· Support to configure the association between TCI state and BFD-RS set on a CC. UE can determine the association between CORESET and BFD-RS set based on the indicated TCI state for each CORESET.
· Adopt the following text proposal for TS38.213.
	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,
-	corresponding to  from , if any, for the CORESET(s) whose active TCI state is associated with , 
-	corresponding to  from , if any, for the CORESET(s) whose active TCI state is associated with , 
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 multi-DCI based M-TRP, 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. 

Proposal 4.3
· For multi-DCI based M-TRP, if two BFD-RS sets are configured for per-TRP BFR, after receiving BFR response, support the update of UL spatial filter/power control assumption for PUCCHs associated with the failed BFD-RS set.
· Support to configure the association between PUCCH resource and BFD-RS set on SpCell/PUCCH-SCell.
· Adopt the following text proposal 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.



For implicit configuration of BFD-RS set for Rel-15/16 per-cell BFR and Rel-17 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, especially for a UE configured with multi-DCI based M-TRP? 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 have following text proposal for TS 38.213.

Proposal 4.4
· Adopt following text proposal 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 .



5.  Conclusion
In this contribution, we discussed remaining issues on M-TRP deployment in Rel-17 FeMIMO, including M-TRP PUCCH, M-TRP inter-cell and M-TRP BM/BFR. Based on the discussion, we made proposals and corresponding text proposals in Section 2, 3 and 4.
- 2/9 -
