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Introduction
In this contribution, we discuss repetition over multiple TRPs for PDCCH/PUCCH/PUSCH to improve reliability and robustness. 
PDCCH repetition over multiple TRPs
	Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied, and option 2 is supported
· Option 2: The one with the lowest SS set ID is applied.
· FFS: Support of Option 2 does not mean PDCCH repetition based on two linked search space set within one CORESET is supported

Agreement
For PDSCH rate matching around the scheduling DCI in the case of PDCCH repetition, the previous agreement for FR1 also applies to FR2.

Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, support
· UE reports one [or more] number(s) as required number of BDs for the two PDCCH candidates
· Candidate values: 2, 3.
· FFS: Default behaviour
· FFS: Whether one of the candidate values imply that UE supports soft combining
· FFS: Whether additional candidate values are supported (e.g. non-integer numbers)
· FFS: RRC configuration based on reported UE capability

Agreement
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition
· For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV (when UE is configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving the PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0), a reference candidate is used. Select one among the following:
· Alt1: The candidate that starts later in time
· Alt3: The candidate that starts earlier in time
· FFS: How to define d1,1 for PDSCH processing time in this case

Agreement
If a PDSCH is scheduled by a DCI in PDCCH candidates (the first PDCCH candidate associated with a first CORESET and the second PDCCH candidate associated with a second CORESET) that are linked for repetition, 
· Working assumption: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.
· If the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL if applicable, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs 
· FFS: Whether additional options are needed (e.g. to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI) 
Agreement
For a UE supporting reception with two different beams, support identifying two QCL-TypeD properties for multiple overlapping CORESETs
· FFS: How to enhance existing QCL-TypeD priority rules for overlapping CORESETs
· Note: The primary goal of this enhancement for the purpose of this sub-AI is to support time-overlapping PDCCH repetitions in FR2.

Agreement
When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, for the purpose of BD counting and interpretation of a detected DCI, select one option among the following in RAN1#105-e:
· Option 1: The individual candidate is not counted for monitoring 
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· Option 2: The candidate in a higher SS set ID is not counted for monitoring
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· Option 3: The candidate associated with SS set(s) with lower priority is not counted for monitoring, where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· FFS: Whether a max limit on number of such overlaps is needed.
Additional specification support may be introduced for the purpose of resolving ambiguity (if any) for interpretation of the detected DCI. For example,
· Distinguished by different RNTIs defined for the linked candidate versus the individual candidate
· Distinguished by aggregation level restrictions that can be expected by the UE in the case of overlap

Agreement
For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped), select one option from Options 1 and 2 in RAN1#105-e:
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at 
· least one of them is dropped)
· FFS: Which of the following Rel. 15/16 rules are applicable for this purpose:
· Case 1: Overlap with SSB
· Case 2: Overlap with rate matching resources: RateMatchPattern, lte-CRS-ToMatchAround, or LTE-CRS-PatternList-r16, availableRB-SetPerCell-r16
· Case 3: Due to TDD DL/UL related conflicts: Overlap with semi-static / dynamic UL symbols or overlap with PRACH
· Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· Case 5: Overbooking results in one of the linked candidates not being monitored
· Case 6: Overlap with reserved PRB(s) and OFDM symbol(s) indicated by DCI format 2_1 where UE may assume no transmission intended for the UE
· Other cases are not precluded
· FFS: Whether there is an impact to BD count 



In previous meetings, it was agreed that if TCI field is not present in DCI, and the scheduling offset is equal to or larger than timeDurationForQCL if applicable, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs, which supports default beam for S-TRP PDSCH. It is also beneficial to support default beams for M-TRP PDSCH schemes to save beam indication overhead. When M-TRP PDSCH scheme is enabled by higher layer signaling, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and if the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL, two TCI states of the two linked CORESETs can be used as two default beams for PDSCH to support M-TRP PDSCH schemes.
Proposal 2-1:
· When M-TRP PDSCH scheme is enabled by higher layer signaling, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and if the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL, two TCI states of the two linked CORESETs can be used as two default beams for PDSCH.
In previous meetings, it was agreed that UE can report required number of BDs for two PDCCH candidates linked for PDCCH repetition. And whether a reported value implies that UE supports soft combining is to be further discussed. From our perspective, if UE reports required number of BDs as 3, it implies that UE supports the decoding assumption that UE decodes each PDCCH candidate individually and decodes the combined candidate. Thus, at least when UE reports required number of BDs as 3, it implies that UE supports soft combining. Furthermore, RRC configuration based on reported UE capability is to be further discussed. From our perspective, if UE reports required number of BDs as 3, UE could also support decoding assumptions with number of BDs as 2, thus, RRC can configure number of BDs as 2 or 3.
Proposal 2-2:
· At least when UE reports required number of BDs as 3, it implies that UE supports soft combining.
Proposal 2-3:
· When UE reports required number of BDs as 3, RRC can configure number of BDs as 2 or 3.
In previous meetings, priority rules among PDCCH candidates/CORESETs/SS sets were discussed for the following issues.
· QCL-typeD collision handling
· Overbooking
· BD counting of two PDCCH candidates with same set of CCE, same DCI size, scrambling, CORESET
In Rel-16, for QCL-typeD collision handling, CSS has higher priority than USS, a serving cell with lower cell ID has higher priority than higher cell ID, and a SS set with lower SS set ID has higher priority than higher SS set ID. In overbooking, CSS has higher priority than USS, and a SS set with lower SS set ID has higher priority than higher SS set ID. For BD counting of two PDCCH candidates with same set of CCE, same DCI size, scrambling, CORESET, a SS set with lower SS set ID has higher priority than higher SS set ID. It can be observed that consistent rules are applied for these issues, so that it can be avoided that a PDCCH candidate can be monitored with one rule, while cannot be monitored with another. In Rel-17, priority rules need to be enhanced considering M-TRP PDCCH repetition, it is also beneficial to define consistent rules for these issues.
Proposal 2-4:
· With Rel-17 M-TRP PDCCH repetition, consistent rules should be applied to determine priority among PDCCH candidates/CORESETs/SS sets for the following issues.
· QCL-typeD collision handling
· Overbooking
· BD counting of two PDCCH candidates with same set of CCE, same DCI size, scrambling, CORESET
For QCL-typeD collision handling, the priority rule is applied for time overlapping CORESETs. Enhancement of priority rule for time overlapping PDCCH repetition should be discussed first. In the following analysis and proposal, we focus on time overlapping PDCCH repetition. For overbooking and BD counting, BD is counted toward maximum number per slot/span. Enhancement of priority rule for intra-slot/span PDCCH repetition should be discussed first. In the following analysis and proposal, we focus on intra-slot/span PDCCH repetition.
Considering M-TRP PDCCH repetition, from our perspective, the priority rules need to be enhanced to increase the probability that two linked PDCCH candidates can be both monitored to benefit from M-TRP PDCCH repetition. Following alternatives of enhancement can be considered.
· Alternative 1: a linked SS set has higher priority than an individual SS set. Among linked SS sets, a pair of SS sets with lower SS set ID has higher priority than higher SS set ID where priority of a pair of linked SS sets is according to one of the SS sets with lower SS set ID. Among individual SS sets, a SS set with lower SS set ID has higher priority than higher SS set ID. For example, in the case in Fig. 2-1, the priority is {SS set #1, SS set #3} > SS set#0 > SS set#2
· Alternative 2: a SS set with lower SS set ID has higher priority than higher SS set ID. Priority of a pair of linked SS sets is according to one of the SS sets with lower SS set ID. For example, in the case in Fig. 2-1, the priority is SS set#0 > {SS set#1, SS set#3} > SS set#2
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Figure 2-1: example of linked SS sets
Between alt.1 and alt.2, alternative 1 is preferred so that monitoring of M-TRP PDCCH repetition can be guaranteed. Meanwhile, independent from whether a SS set is linked or not, CSS should have higher priority than USS so that the monitoring of CSS can be guaranteed.
Based on the above analysis, we have following proposals of enhancement for priority rules among PDCCH candidates/SS sets/CORESETs.
Proposal 2-5:
· For QCL-typeD collision handling, apply following priority rule for time-overlapping PDCCH repetition. 
· CSS > USS; serving cell with lower cell ID > higher cell ID; linked SS set > individual SS set; Among linked SS sets, a pair of SS sets with lower SS set ID > higher SS set ID where priority of a pair of linked SS sets is according to one of the SS sets with lower SS set ID. Among individual SS sets, SS set with lower SS set ID > higher SS set ID 
Proposal 2-6:
· For overbooking, apply following priority rule for intra-slot/span PDCCH repetition.
· CSS>USS; linked SS set > individual SS set; Among linked SS sets, a pair of SS sets with lower SS set ID > higher SS set ID where priority of a pair of linked SS sets is according to one of the SS sets with lower SS set ID. Among individual SS sets, SS set with lower SS set ID has > higher SS set ID 
· Two linked SS sets are counted and allocated together.
Proposal 2-7:
· For BD counting of two PDCCH candidates with same set of CCE, same DCI size, scrambling, CORESET, apply following priority rule for intra-slot/span PDCCH repetition.
· When one of the linked PDCCH candidates and one individual PDCCH candidate overlap, the individual candidate is not counted
· When one of the linked PDCCH candidates and one of another pair of PDCCH candidates overlap, the candidate associated with SS set(s) with lower priority is not counted for monitoring; the priority follows lower SS set ID >higher SS set ID where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID

PUSCH repetition over multiple TRPs
In previous meetings, following agreements were made for MTRP for PUSCH.
	Agreement
For indicating per-TRP OLPC set in DCI format 0_1/0_2, if two SRI fields present in the DCI, 
· Use the existing field (1 bit) for OLPC set indication and a second p0-PUSCH-SetList-r16. 
· if value of the field equals to ‘0’, the UE determine value of P0 from SRI-PUSCH-PowerControl with a sri-PUSCH-PowerControlId value mapped to the SRI field value corresponding to each TRP. 
· if value of the field equals to ‘1’, the UE determine value of P0 from a first value in P0-PUSCH-Set with a p0-PUSCH-SetId value mapped to the SRI field value corresponding to each TRP.
Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, support transmitting A-CSI on the first PUSCH repetition corresponding to the first beam and the first PUSCH repetition corresponding to the second beam when there is no TB carried in the PUSCH. 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· The UE is expected to follow the above operation for transmitting A-CSI on two PUSCH repetitions only if 
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
· For PUSCH repetition Type A and B, UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE transmits A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· Note: The scheduling offset for the first A-CSI should meet the Z and Z’ requirement
Agreement
For s-DCI based multi-TRP PUSCH repetition Type A, the UE is expected to multiplex A-CSI on two PUSCH repetitions only if UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE multiplexes A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
Agreement
For multi-TRP PUCCH (scheme 1 and 3) and PUSCH (Type A and B) repetition, when the number of repetitions is equal to two, the first and second transmission occasion shall be associated with two TRPs, respectively (two UL beams or Power control parameter sets), regardless of the configured mapping pattern. 
· Note: For M-TRP PUSCH type B, the number of repetitions refers to ‘nominal’ repetition.
Agreement
The following working assumption is confirmed. 
For non-codebook based multi-TRP PUSCH, the first SRI field is used to determine the entry of the second SRI field which only contains the SRI(s) combinations corresponding to the indicated rank (number of layers) of the first SRI field. The number of bits, N2, for the second SRI field is determined by the maximum number of codepoint(s) per rank among all ranks associated with the first SRI field. For each rank x, the first Kx codepoint(s) are mapped to Kx SRIs of rank x associated with the first SRS field, the remaining (2N2-Kx) codepoint(s) are reserved.
Agreement
For type 2 CG based multi-TRP PUSCH repetition:
· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.
· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.
· Applying the first, second, or both first and second RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ is determined from the new DCI field (for dynamic switching) of the activating DCI similar to the case of DG-PUSCH.
Agreement
Confirm the Working Assumption (with supporting two bits for the new field). 
· For indicating STRP/MTRP dynamic switching for non-CB/CB based MTRP PUSCH repetition, 
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation. 
· The new field is 2 bits
Agreement
For the new field in the DCI for dynamic switching, support Alt.1 (modified).
Alt.1
· Support 2 bits with the following combinations. 
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	1st SRI/TPMI field (2nd field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields

	11
	m-TRP mode with (TRP2,TRP1 order)
1st SRI/TPMI field: FFS
2nd SRI/TPMI field: FFS
	Both 1st and 2nd SRI/TPMI fields


· The SRS resource set with lower ID is the first SRS resource set, and the other SRS resource set is the second SRS resource set. 
· For codebook and non-codebook usage, respectively
Agreement
For SP-CSI report on mTRP PUSCH repetition Type A and B activated by a DCI, further study the use of a similar mechanism to A-CSI multiplexing on M-TRP PUSCH without a TB, which includes the following,
· When SP-CSI multiplexed on m-TRP PUSCH, SP-CSI multiplexed on the two repetitions associated with the two TRPs, and the number of repetitions is always assumed to be 2, regardless of the value indicated.
· Reuse similar conditions (e.g. UCIs other than the A-CSI are not multiplexed, same number for first actual repetitions, the content of the CSI is the same) to support SP-CSI multiplexing on m-TRP PUSCH as defined in A-CSI multiplexing on M-TRP PUSCH.
Agreement
· To support per TRP closed-loop power control for PUCCH with DCI formats 1_1 / 1_2, a second TPC field can be configured via RRC.
· When the second field is configured by RRC, a second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2 (option 3).
· Each TPC field is for each closed-loop index value respectively
· FFS: Whether or not the mapping between the TPC field and the PUCCH transmissions is needed
· When the second field is not configured by RRC, a single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for the closed loop index(es) for the scheduled PUCCH
· To support per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2, adopt the same solution as with M-TRP PUCCH schemes.
· FFS: any additional considerations
· Support UE to report the capability on whether it supports the second TPC field 
· Note1: Per TRP closed-loop power control is only applicable when the “closedLoopIndex” values are not the same for TRPs.
Agreement
For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), default P0, alpha, PL-RS, and closed loop index is defined per TRP. Select one from the following in RAN1 #106-e meeting,
· Alt.1
· The first P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the first SRS resource set.
· The second P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the second SRS resource set.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2. 
· Alt.2
· The first set of values {the first value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 0 and closed-loop index l = 0} can be used for TRP1, and the second set of values 
· {the second value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.
· Alt.3
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControlassociated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.



In last meeting, new DCI field for dynamic S-TRP and M-TRP switching was agreed as below. The interpretation of codepoint “11” was to be further discussed. 
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	1st SRI/TPMI field (2nd field is unused)

	10
	m-TRP mode with (TRP1, TRP2 order)
1st SRI/TPMI field: 1st SRS resource set   
2nd SRI/TPMI field: 2nd SRS resource set  
	Both 1st and 2nd SRI/TPMI fields

	11
	m-TRP mode with (TRP2, TRP1 order)
1st SRI/TPMI field: FFS
2nd SRI/TPMI field: FFS
	Both 1st and 2nd SRI/TPMI fields



There are following options of codepoint “11”.
· Option1. 1st SRI field: 1st SRS resource set; 2nd SRI field: 2nd SRS resource set 
· Option2. 1st SRI field: 2nd SRS resource set; 2nd SRI field: 1st SRS resource set
Option1 is preferred since if two SRS resource sets may have different number of SRS resources, option2 will result in larger overhead because maximum number of SRS resources between two SRS resource sets needs to be assumed to determine the size of SRI field.
Proposal 3-1:
· For codepoint “11” of new DCI field for dynamic S-TRP and M-TRP switching, 1st SRI field correspond to 1st SRS resource set, 2nd SRI field correspond to 2nd SRS resource set.
Considering that when PUSCH repetition Type A is configured and repetition number is larger than 1, the number of layers is limited to 1, it was agreed to further study minimizing DCI overhead for PUSCH repetition type A. For non-codebook PUSCH, when PUSCH repetition Type A is configured, the size of two SRI fields can be determined assuming Lmax=1. When repetition number is indicated as larger than 1, each SRI field indicates an entry from SRI table for Lmax=1. When repetition number is equal to 1, there is no limitation on number of layers. Hence, when repetition number is indicated as 1, combination of two SRI fields, e.g., first SRI field as MSB and second SRI field as LSB, can indicate an entry from SRI table for Lmax configured by higher layer parameter which can be larger than 1. For example, when NSRS is configured as 4 and Lmax is configured as 4, the size of each SRI field can be 2-bit. Assuming first SRI field indicates “10” and second SRI field indicates “01”, when number of repetitions is indicated as larger than 1, SRI table as in Fig. 3-1 is applied; when number of repetitions is indicated as 1, SRI table in Fig. 3-2 is applied.
[image: ]
Figure 3-1. SRI indication when number of repetitions is larger than 1.

[image: ]
Figure 3-2. SRI indication when number of repetitions is 1.

Proposal 3-2:
· For non-codebook PUSCH, when PUSCH repetition Type A is configured, the size of two SRI fields is determined assuming Lmax=1. 
· When repetition number is indicated as larger than 1, each SRI field indicates an entry from SRI table for Lmax=1. 
· When repetition number is indicated as 1, combination of two SRI fields, e.g., first SRI field as MSB and second SRI field as LSB, indicates an entry from SRI table for Lmax configured by higher layer parameter which can be larger than 1.
In Rel-16, when SRI field is absent, or if SRI-PUSCH-PowerControl is not provided, default power control parameters are used for PUSCH power control. In M-TRP PUSCH, to support separate power control for different TRPs, different default power control parameters can be determined for different TRPs. It was agreed to down-select from following alternatives. 
· Alt.1   
· The first P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the first SRS resource set.
· The second P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the second SRS resource set.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2. 
· Alt.2  
· The first set of values {the first value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.
· Alt.3  
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.
Among the above alternative, in our view, Alt.2 is preferred. A drawback of Alt.1 is that Alt.1 only applies for the case where SRI field is absent, while does not apply for the case where SRI-PUSCH-PowerControl is not provided for which default power control parameters also need to be determined. Alt.3 is more complicated, in addition, it is not necessary to define two different rules. 
Proposal 3-3:
· For single-DCI based M-TRP PUSCH repetition schemes, when two SRI fields are absent in DCI, or when SRI-PUSCH-PowerControl is not provided, default P0, alpha, PL-RS, and closed loop index is defined per TRP with following rule.
· Alt.2: The first set of values {the first value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
In last meeting, it was agreed that for indicating per-TRP OLPC set, if two SRI fields are present in DCI, exiting field and a second p0-PUSCH-SetList-r16 is used. For the case where two SRI fields are not present in DCI, similar mechanism can be used, that is, for per-TRP OLPC set indication, if two SRI fields are not present in DCI, use existing 1 or 2 bit for OLPC indication and a second p0-PUSCH-SetList-r16.
· If value of the field equals to ‘1’ or ‘01’, the UE determines value of P0 from a first value in P0-PUSCH-Set with the lowest p0-PUSCH-SetId value corresponding to each TRP.
· If value of the field equals to ‘10’, the UE determines value of P0 from a second value in P0-PUSCH-Set with the lowest p0-PUSCH-SetId value corresponding to each TRP.
· If value of the field equals to ‘0’ or ’00’, UE determines value of P0 with same rules as when SRI field is not present and there is no OLPC indication.
Proposal 3-4:
· For per-TRP OLPC set indication, if two SRI fields are not present in DCI, use existing 1 or 2 bit for OLPC indication and a second p0-PUSCH-SetList-r16.
· If value of the field equals to ‘1’ or ‘01’, the UE determines value of P0 from a first value in P0-PUSCH-Set with the lowest p0-PUSCH-SetId value corresponding to each TRP.
· If value of the field equals to ‘10’, the UE determines value of P0 from a second value in P0-PUSCH-Set with the lowest p0-PUSCH-SetId value corresponding to each TRP.
· If value of the field equals to ‘0’ or ’00’, UE determines value of P0 with same rules as when SRI field is not present and there is no OLPC indication.

PUCCH repetition over multiple TRPs
In previous meetings, following agreements were made for MTRP for PUCCH.
	Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols
· Whether frequency hopping is performed among the repetitions with the same beam
· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource

For future meetings:
Further study the enhancements needed on grouping of PUCCH resources for Rel-17 multi-TRP PUCCH repetition


In Rel-15/16, for PUSCH scheduled by DCI format 0_0, UE shall transmit the PUSCH according to spatial relation of PUCCH resource with lowest ID. It was agreed in RAN1#103e that for M-TRP PUCCH, up to two spatial relation info can be activated per PUCCH resource. If the PUCCH resource with lowest ID is activated with two spatial relation info, one of the spatial relation info, e.g., the spatial relation info with lower ID, can be used as default beam of PUSCH.
Proposal 4-1:
· If the PUCCH resource with lowest ID is activated with two spatial relation info, one of the spatial relations, e.g., the spatial relation info with lower ID, is used as default beam for PUSCH scheduled by DCI format 0_0.
In Rel-16 the spatial relation of a group of PUCCH resources can be updated simultaneously to save beam indication overhead, i.e., if the beam of one PUCCH resource in the group is updated by MAC CE, beams of all PUCCH resources in the same group are updated simultaneously. In Rel-17 M-TRP PUCCH, this feature is also beneficial. When PUCCH resource grouping for simultaneous spatial relation update across PUCCH resources is configured, if a PUCCH resource in the group is indicated with two spatial relations by MAC CE, the two spatial relations are applied to all the PUCCH resources in the same group.
Proposal 4-2
· When PUCCH resource grouping for simultaneous spatial relation update across PUCCH resources is configured, if a PUCCH resource in the group is indicated with two spatial relations by MAC CE, the two spatial relations are applied to all the PUCCH resources in the same group.

Conclusion
In this contribution, we discussed the reliability and robustness enhancements for simultaneous multi-TRP transmission for PDCCH, PUSCH, and PUCCH. We have following observations and proposals.
Proposal 2-1:
· When M-TRP PDSCH scheme is enabled by higher layer signaling, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and if the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL, two TCI states of the two linked CORESETs can be used as two default beams for PDSCH.
Proposal 2-2:
· At least when UE reports required number of BDs as 3, it implies that UE supports soft combining.
Proposal 2-3:
· When UE reports required number of BDs as 3, RRC can configure number of BDs as 2 or 3.
Proposal 2-4:
· With Rel-17 M-TRP PDCCH repetition, consistent rules should be applied to determine priority among PDCCH candidates/CORESETs/SS sets for the following issues.
· QCL-typeD collision handling
· Overbooking
· BD counting of two PDCCH candidates with same set of CCE, same DCI size, scrambling, CORESET
Proposal 2-5:
· For QCL-typeD collision handling, apply following priority rule for time-overlapping PDCCH repetition. 
· CSS > USS; serving cell with lower cell ID > higher cell ID; linked SS set > individual SS set; Among linked SS sets, a pair of SS sets with lower SS set ID > higher SS set ID where priority of a pair of linked SS sets is according to one of the SS sets with lower SS set ID. Among individual SS sets, SS set with lower SS set ID > higher SS set ID 
Proposal 2-6:
· For overbooking, apply following priority rule for intra-slot/span PDCCH repetition.
· CSS>USS; linked SS set > individual SS set; Among linked SS sets, a pair of SS sets with lower SS set ID > higher SS set ID where priority of a pair of linked SS sets is according to one of the SS sets with lower SS set ID. Among individual SS sets, SS set with lower SS set ID has > higher SS set ID 
· Two linked SS sets are counted and allocated together.
Proposal 2-7:
· For BD counting of two PDCCH candidates with same set of CCE, same DCI size, scrambling, CORESET, apply following priority rule for intra-slot/span PDCCH repetition.
· When one of the linked PDCCH candidates and one individual PDCCH candidate overlap, the individual candidate is not counted
· When one of the linked PDCCH candidates and one of another pair of PDCCH candidates overlap, the candidate associated with SS set(s) with lower priority is not counted for monitoring; the priority follows lower SS set ID >higher SS set ID where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
Proposal 3-1:
· For codepoint “11” of new DCI field for dynamic S-TRP and M-TRP switching, 1st SRI field correspond to 1st SRS resource set, 2nd SRI field correspond to 2nd SRS resource set.
Proposal 3-2:
· For non-codebook PUSCH, when PUSCH repetition Type A is configured, the size of two SRI fields is determined assuming Lmax=1. 
· When repetition number is indicated as larger than 1, each SRI field indicates an entry from SRI table for Lmax=1. 
· When repetition number is indicated as 1, combination of two SRI fields, e.g., first SRI field as MSB and second SRI field as LSB, indicates an entry from SRI table for Lmax configured by higher layer parameter which can be larger than 1.
Proposal 3-3:
· For single-DCI based M-TRP PUSCH repetition schemes, when two SRI fields are absent in DCI, or when SRI-PUSCH-PowerControl is not provided, default P0, alpha, PL-RS, and closed loop index is defined per TRP with following rule.
· Alt.2: The first set of values {the first value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
Proposal 3-4:
· For per-TRP OLPC set indication, if two SRI fields are not present in DCI, use existing 1 or 2 bit for OLPC indication and a second p0-PUSCH-SetList-r16.
· If value of the field equals to ‘1’ or ‘01’, the UE determines value of P0 from a first value in P0-PUSCH-Set with the lowest p0-PUSCH-SetId value corresponding to each TRP.
· If value of the field equals to ‘10’, the UE determines value of P0 from a second value in P0-PUSCH-Set with the lowest p0-PUSCH-SetId value corresponding to each TRP.
· If value of the field equals to ‘0’ or ’00’, UE determines value of P0 with same rules as when SRI field is not present and there is no OLPC indication.
Proposal 4-1:
· If the PUCCH resource with lowest ID is activated with two spatial relation info, one of the spatial relations, e.g., the spatial relation info with lower ID, is used as default beam for PUSCH scheduled by DCI format 0_0.
Proposal 4-2
· When PUCCH resource grouping for simultaneous spatial relation update across PUCCH resources is configured, if a PUCCH resource in the group is indicated with two spatial relations by MAC CE, the two spatial relations are applied to all the PUCCH resources in the same group.
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