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Introduction
In this contribution, we provide some discussion on remining issues on multi-TRP operation.
Multi-TRP PUSCH
Current 38.214 defines the following CSI report schemes on multi-TRP PUSCH. There is a side condition that no other UCI is multiplexed and the time domain duration should be the same to enable CSI report on two repetitions. Such side condition is to make sure the coding rate for the UCI repetitions should be the same so that to support chase combining for decoding, since incremental redundancy is not well supported by polar code. However, when the number of PT-RS ports is different for different beams, the number of coded REs for UCI can be different, which breaks the principle to support chase combining for polar code decoding. Thus the CSI should be transmitted when number of PT-RS ports should be the same.
	For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) on PUSCH with transport block by a 'CSI request' field on a DCI, the CSI report(s) multiplexing is determined as follows
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately only on the first transmission occasion associated with the first SRS resource set and the first transmission occasion associated with the second SRS resource set. 
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH repetition Type B, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) on PUSCH with transport block by a 'CSI request' field on a DCI, CSI report(s) multiplexing is determined as follows
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled and the first actual repetition associated with the first SRS resource set and the first actual repetition associated with the second SRS resource set have the same number of symbols and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is multiplexed separately only on the first actual repetition associated with the first SRS resource set and first actual repetition associated with the second SRS resource set. 
-	otherwise, the CSI report(s) is multiplexed only on the first actual repetition. 
For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of repetitions is assumed to be 2 regardless of the value of numberOfRepetitions or pusch-AggregationFactor (if numberOfRepetitions is not present in the time domain resource allocation table), and transmission of CSI report(s) is determined as follows
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately on the first transmission occasion and the second transmission occasion
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH repetition Type B, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) or activates semi-persistent CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of nominal repetitions is always assumed to be 2 regardless of the value of numberOfRepetitions, and the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, and transmission of CSI report(s) is determined as follows:
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled for aperiodic CSI report(s) or higher layer paremeter SP-CSI-MultiplexingMode in CSI-SemiPersistentOnPUSCH-TriggerStateList is enabled for semi-persistent CSI report(s) and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately on the first actual repetition and the second actual repetition
-	otherwise, the CSI report(s) is transmitted only on the first actual repetition.



Proposal 1: Adopt the following TP for 38.214 for CSI report by multi-TRP PUSCH
	[bookmark: _Toc11352143][bookmark: _Toc20318033][bookmark: _Toc27299931][bookmark: _Toc29673204][bookmark: _Toc29673345][bookmark: _Toc29674338][bookmark: _Toc36645568][bookmark: _Toc45810613][bookmark: _Toc100147418]6.1.2.1	Resource allocation in time domain
<unrelated text omitted>

For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) on PUSCH with transport block by a 'CSI request' field on a DCI, the CSI report(s) multiplexing is determined as follows
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH and the number of PT-RS ports for the transmission occasions corresponding to different SRS resource sets are the same, the CSI report(s) is transmitted separately only on the first transmission occasion associated with the first SRS resource set and the first transmission occasion associated with the second SRS resource set. 
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH repetition Type B, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) on PUSCH with transport block by a 'CSI request' field on a DCI, CSI report(s) multiplexing is determined as follows
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled and the first actual repetition associated with the first SRS resource set and the first actual repetition associated with the second SRS resource set have the same number of symbols and UCI other than CSI report(s) are not multiplexed on PUSCH and the number of PT-RS ports for the transmission occasions corresponding to different SRS resource sets are the same, the CSI report(s) is multiplexed separately only on the first actual repetition associated with the first SRS resource set and first actual repetition associated with the second SRS resource set. 
-	otherwise, the CSI report(s) is multiplexed only on the first actual repetition. 
For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of repetitions is assumed to be 2 regardless of the value of numberOfRepetitions or pusch-AggregationFactor (if numberOfRepetitions is not present in the time domain resource allocation table), and transmission of CSI report(s) is determined as follows
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH and the number of PT-RS ports for the transmission occasions corresponding to different SRS resource sets are the same, the CSI report(s) is transmitted separately on the first transmission occasion and the second transmission occasion
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH repetition Type B, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) or activates semi-persistent CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of nominal repetitions is always assumed to be 2 regardless of the value of numberOfRepetitions, and the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, and transmission of CSI report(s) is determined as follows:
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled for aperiodic CSI report(s) or higher layer paremeter SP-CSI-MultiplexingMode in CSI-SemiPersistentOnPUSCH-TriggerStateList is enabled for semi-persistent CSI report(s) and UCI other than CSI report(s) are not multiplexed on PUSCH and the number of PT-RS ports for the transmission occasions corresponding to different SRS resource sets are the same, the CSI report(s) is transmitted separately on the first actual repetition and the second actual repetition
-	otherwise, the CSI report(s) is transmitted only on the first actual repetition.



Multi-TRP Beam Management
Enhanced group-based beam report
In RAN1 #108, the following is agreed, where the two CMR sets may partly or fully overlap in time domain.
	Agreement
When the higher layer parameter groupBasedBeamReporting-r17 in CSI -ReportConfig is configured, support the configuration of the same or different CSI -RS triggering offset values for  two different CSI Resource Sets.
· Whether/how to capture the above is up to editor.



 
The UE complexity to measure overlapped or non-overlapped CMRs can be quite different. In the worst case, i.e. both CMR sets fully overlapped, the UE complexity is as twice as non-group based beam measurement and report. Thus additional delay should be added if two CMR sets overlapped, which can be equal to the number of overlapped symbols.
Proposal 2: Additional delay should be added for overlapped CMR sets and adopt the following TP for 38.214
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<unrelated part omitted>
-	 of the table 5.4-2 if reportQuantity is set to 'cri-RSRP', 'ssb-Index-RSRP', 'cri-RSRP-Capability[Set]Index' or 'ssb-Index-RSRP-Capability[Set]Index ', is according to UE reported capability beamReportTiming  ,and KBl is according to UE reported capability beamSwitchTiming as defined in [13, TS 38.306], and d is the number of overlapped symbols for two CMR sets for groupBasedBeamReporting-r17 and d is 0 for other cases, or
-	 of table 5.4-2 otherwise.
-	µ of table 5.4-1 and table 5.4-2 corresponds to the min (µPDCCH, µCSI-RS, µUL) where the µPDCCH corresponds to the subcarrier spacing of the PDCCH with which the DCI was transmitted and µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted and µCSI-RS corresponds to the minimum subcarrier spacing of the aperiodic CSI-RS triggered by the DCI
Table 5.4-1: CSI computation delay requirement 1
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36



Table 5.4-2: CSI computation delay requirement 2
	

	Z1 [symbols]
	Z2 [symbols]
	Z3 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2
	Z3
	Z'3

	0
	22
	16
	40
	37
	22+d
	X0+d

	1
	33
	30
	72
	69
	33+d
	X1+d

	2
	44
	42
	141
	140
	min(44,X2+ KB1)+d
	X2+d

	3
	97
	85
	152
	140
	min(97, X3+ KB2)+d
	X3+d

	5
	388
	340
	608
	560
	min(388, X5+ KB3)+d 
	X5+d 

	6
	776
	680
	1216
	1120
	min(776, X6+ KB4)+d 
	X6+d 







In RAN1 #108, the following is agreed, where the repetition can be configured to be the same or different.
	Agreement
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. 



 
To reduce the overhead, it is not necessary to report CRI when repetition is set ‘on’ for one CMR set. Thus the following TP is proposed.
Proposal 3: Adopt the following TP to clarify whether CRI should be reported when repetition for one of the CMR sets is set ‘on’.
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[bookmark: _Hlk498445902]<unrelated text omitted>

When the UE is configured with higher layer parameter NZP-CSI-RS-ResourceSet and when the higher layer parameter repetition is set to 'off', the UE shall determine a CRI from the supported set of CRI values as defined in Clause 6.3.1.1.2 of [5, TS 38.212] and report the number in each CRI report. When the higher layer parameter repetition for a CMR set is set to 'on', CRI for the CMR set is not reported. CRI reporting is not supported when the higher layer parameter codebookType is set to 'typeII', 'typeII-PortSelection', 'typeII-r16', to 'typeII-PortSelection-r16', or 'typeII-PortSelection-r17'.





TRP-specific BFR
In RAN1 #108, RRC+MAC CE based BFR RS configuration is supported. But RAN1 missed to inform RAN2 the maximum number of BFD RSs configured by RRC. From spec point of view, the maximum number of RRC configured BFD RSs can be the same as the maximum number of RRC configured TCI states. Relevant UE capability can be introduced.
Proposal 4: Support the maximum number of RRC configured BFD RSs per set to be 64, which is based on a UE capability.
· Relevant UE capability can be introduced
· Send an LS to RAN2

With regard to inter-cell multi-TRP operation, the non-serving cell SSB can be configured for candidate beam detection. As different cells may have different Tx power, the RSRP threshold for candidate beam detection can be configured in a cell-specific manner.
Proposal 5: Support to configure separate RSRP threshold for each CBD RS set

Conclusion
In this contribution, we discussed some remaining issues on multi-TRP operation. Based on the discussion, the following proposals have been achieved.
mTRP PUSCH
Proposal 1: Adopt the following TP for 38.214 for CSI report by multi-TRP PUSCH
	6.1.2.1	Resource allocation in time domain
<unrelated text omitted>

For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) on PUSCH with transport block by a 'CSI request' field on a DCI, the CSI report(s) multiplexing is determined as follows
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH and the number of PT-RS ports for the transmission occasions corresponding to different SRS resource sets are the same, the CSI report(s) is transmitted separately only on the first transmission occasion associated with the first SRS resource set and the first transmission occasion associated with the second SRS resource set. 
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH repetition Type B, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) on PUSCH with transport block by a 'CSI request' field on a DCI, CSI report(s) multiplexing is determined as follows
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled and the first actual repetition associated with the first SRS resource set and the first actual repetition associated with the second SRS resource set have the same number of symbols and UCI other than CSI report(s) are not multiplexed on PUSCH and the number of PT-RS ports for the transmission occasions corresponding to different SRS resource sets are the same, the CSI report(s) is multiplexed separately only on the first actual repetition associated with the first SRS resource set and first actual repetition associated with the second SRS resource set. 
-	otherwise, the CSI report(s) is multiplexed only on the first actual repetition. 
For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of repetitions is assumed to be 2 regardless of the value of numberOfRepetitions or pusch-AggregationFactor (if numberOfRepetitions is not present in the time domain resource allocation table), and transmission of CSI report(s) is determined as follows
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH and the number of PT-RS ports for the transmission occasions corresponding to different SRS resource sets are the same, the CSI report(s) is transmitted separately on the first transmission occasion and the second transmission occasion
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH repetition Type B, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) or activates semi-persistent CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of nominal repetitions is always assumed to be 2 regardless of the value of numberOfRepetitions, and the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, and transmission of CSI report(s) is determined as follows:
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled for aperiodic CSI report(s) or higher layer paremeter SP-CSI-MultiplexingMode in CSI-SemiPersistentOnPUSCH-TriggerStateList is enabled for semi-persistent CSI report(s) and UCI other than CSI report(s) are not multiplexed on PUSCH and the number of PT-RS ports for the transmission occasions corresponding to different SRS resource sets are the same, the CSI report(s) is transmitted separately on the first actual repetition and the second actual repetition
-	otherwise, the CSI report(s) is transmitted only on the first actual repetition.




mTRP BM
Proposal 2: Additional delay should be added for overlapped CMR sets and adopt the following TP for 38.214
	5.4	UE CSI computation time
<unrelated part omitted>
-	 of the table 5.4-2 if reportQuantity is set to 'cri-RSRP', 'ssb-Index-RSRP', 'cri-RSRP-Capability[Set]Index' or 'ssb-Index-RSRP-Capability[Set]Index ', is according to UE reported capability beamReportTiming  ,and KBl is according to UE reported capability beamSwitchTiming as defined in [13, TS 38.306], and d is the number of overlapped symbols for two CMR sets for groupBasedBeamReporting-r17 and d is 0 for other cases, or
-	 of table 5.4-2 otherwise.
-	µ of table 5.4-1 and table 5.4-2 corresponds to the min (µPDCCH, µCSI-RS, µUL) where the µPDCCH corresponds to the subcarrier spacing of the PDCCH with which the DCI was transmitted and µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted and µCSI-RS corresponds to the minimum subcarrier spacing of the aperiodic CSI-RS triggered by the DCI
Table 5.4-1: CSI computation delay requirement 1
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36



Table 5.4-2: CSI computation delay requirement 2
	

	Z1 [symbols]
	Z2 [symbols]
	Z3 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2
	Z3
	Z'3

	0
	22
	16
	40
	37
	22+d
	X0+d

	1
	33
	30
	72
	69
	33+d
	X1+d

	2
	44
	42
	141
	140
	min(44,X2+ KB1)+d
	X2+d

	3
	97
	85
	152
	140
	min(97, X3+ KB2)+d
	X3+d

	5
	388
	340
	608
	560
	min(388, X5+ KB3)+d 
	X5+d 

	6
	776
	680
	1216
	1120
	min(776, X6+ KB4)+d 
	X6+d 







Proposal 3: Adopt the following TP to clarify whether CRI should be reported when repetition for one of the CMR sets is set ‘on’.
	5.2.1.4	Reporting configurations
<unrelated text omitted>

When the UE is configured with higher layer parameter NZP-CSI-RS-ResourceSet and when the higher layer parameter repetition is set to 'off', the UE shall determine a CRI from the supported set of CRI values as defined in Clause 6.3.1.1.2 of [5, TS 38.212] and report the number in each CRI report. When the higher layer parameter repetition for a CMR set is set to 'on', CRI for the CMR set is not reported. CRI reporting is not supported when the higher layer parameter codebookType is set to 'typeII', 'typeII-PortSelection', 'typeII-r16', to 'typeII-PortSelection-r16', or 'typeII-PortSelection-r17'.




Proposal 4: Support the maximum number of RRC configured BFD RSs per set to be 64, which is based on a UE capability.
· Relevant UE capability can be introduced
· Send an LS to RAN2
Proposal 5: Support to configure separate RSRP threshold for each CBD RS set
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