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Introduction
This contribution provides our views on the topic involving PDCCH enhancement, PUCCH enhancement, and PUSCH enhancement for multi-TRP case. 

Discussion
PDCCH enhancement
· BD counter
	Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 2: UE reports whether it supports soft-combining or not
· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X. 
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2 BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumption 2: 2
· Number of BDs for decoding assumption 3: 2
· FFS: Other values
· Number of BDs for decoding assumption 4: 3
· FFS: Other values
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
· FFS: Network configuration based on the above UE capabilities for options 1-3
Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation
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


For the two PDCCH candidates linked for PDCCH repetitions, value 2 for is sufficient which can almost cover all four assumptions. First, it will not reveal UE’s capability of soft combining which majority companies prefer. Besides, a smaller value is not costly in terms of BD count. From our view, RRC configuration should base on reported UE capability.
Proposal 1: Only value 2 is supported for the number of BDs for the two PDCCH candidates.
· Linkage of two SS sets
	Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.
· The two linked SS sets have the same SS set type (USS/CSS) 
· The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration
· For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set



It has been agreed that the two linked SS sets can be configured via RRC signaling. In Rel-15/16, PDCCH monitoring behavior is only based on SS sets configured by RRC signaling. In Rel-17, we also think the PDCCH repetition behavior can only resort to RRC signaling, and there is no strong need of introducing any operation of activation/deactivation by MAC CE.
Besides, if there are multiple monitor occasions associated with two linked SS sets within one slot, we prefer the monitor occasions for different SS sets are placed in a time domain interlaced pattern. Interlaced pattern is beneficial for saving the soft buffer overhead from UE perspective.
Proposal 2: For PDCCH repetition, not support MAC-CE for linking two SS sets.
Proposal 3: The monitor occasions for linked SS sets are placed in a time domain interlaced pattern within one slot.

· Reference PDCCH candidate
	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


From our perspective, the two linked PDCCH candidates should be regarded as a whole. Any operations attempting to isolate them seems to contradict with the intention of PDCCH repetitions. Therefore, Alt.1 seems to be a natural choice which set the candidate starting later in time as the reference candidate.
In Rel-15/16, d1,1 depends on the time duration of PDSCH. Specifically, if the time duration is 2 or 3 symbols, d1,1 is also related to another parameter d defined as the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH. For PDSCH scheduled by two linked PDCCH candidates, PDSCH may overlap with one or two scheduling PDCCHs. Therefore, we can modify the definition of d by simply adding the possibility of plurality for scheduling PDCCH.
Proposal 4：The reference candidate is the one stars later in time for deciding the reference symbol for SLIV.
Proposal 5：d is defined as the number of overlapping symbols of the scheduling PDCCH(s) and the scheduled PDSCH.
· CORESET configurations and default QCL assumption
	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) 


Since the contents of two linked PDCCH candidates are required to be identical, network should guarantee the consistency of each DCI field, e.g., TCI field. Therefore, the high layer signaling concerning presence of TCI field of the two linked CORESET concerning should be the same. Besides, we also support default QCL assumption based on the CORESET with lower ID among the first and second CORESETs.
Proposal 6：Confirm the working assumption below:
· 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) 
· Simultaneous reception with two different beams
	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.


It is beneficial to support simultaneously reception with two different beams, especially for high capability UEs. In Rel-15/16, only CORESETs with same QCL-typeD can be monitored. The rules for choosing reference CORESET are CSS’s priority>USS’s priority and finding the lowest index in the cell with the lowest index containing in CSS/USS. However, extension from one reference CORESET to two reference CORESETs based on Rel-15/16 rules is already very complicated. Different cases exist, e.g., two CORESETs associated with CSS, two CORESETs associated with USS, one CORESET associated with CSS and one CORESET associated with USS. Besides, such extension does not consider the linked PDCCH candidates, which is not favourable for M-TRP scenario. 
Instead, we propose the following simple alternative:
· the 1st reference CORESET determined by Rel-15/16 rules among unlinked PDCCH repetitions
· the 2nd reference CORESET determined by Rel-15/16 rules among linked PDCCH repetitions
Proposal 7：For reception with two different beams, we have the following options:
· the 1st reference CORESET determined by Rel-15/16 rules among unlinked PDCCH repetitions
· the 2nd reference CORESET determined by Rel-15/16 rules among linked PDCCH repetitions
· Counting for overlapping CCEs 
	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


From our view, it is unfair to introduce priority between the linked candidates and the unlinked candidates. Thus, option-1 should not be supported. Besides, option-2 derived from legacy rules can be directly applied for the collision case between link and unlink candidates. Further, it can still work for the overlapping case between multiple linked candidates.
Proposal 8：Support option-2 where the candidate in a higher SS set ID is not counted for monitoring.

· Monitoring behavior
	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 



Even if one of the two candidates is dropped, decoding the other candidate is still meaningful for the potential benefit.  On the contrary, option-2 will bring more cost on PDCCH resources from network perspective. Therefore, our preference is option-1. Besides, option-1 can be applied for the six dropping cases used in Rel-15/16.
Proposal 9：Support option-1 where UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate).
Proposal 10: All the dropping cases should be considered for option-1.

PUSCH enhancement
· PT-RS and DMRS association
	Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 
· For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 
· FFS: the indication of PTRS-DMRS association for maxRank > 2.


In Rel-16, PT-RS port is associated with the strongest layer indicated by PTRS-DMRS association field in DCI. For multi-TRP operation, the strongest layer of PUSCH is always different in different links. In the last meeting, it has agreed that the MSB and LSB are used for indicating the association between PTRS port and DMRS port for multi-TRP separately when the maxRank=2. For maxRank>2, we prefer to indicate two associations without any DCI overhead increasing. In details, we prefer to use a single PTRS-DMRS association field in DCI, which can indicate two PTRS-DMRS associations respectively. Then a new MAC-CE could be considered. 
Proposal 11：For single-DCI based PUSCH with maxRank>2, a new MAC CE can be considered  for the enhancement on PTRS-DMRS association.

· Default PC parameters
	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.


From our view, it is straightforward to support both closed-loop index-{0, 1} for UE supporting M-TRP UL transmission. Each closed-loop index can be used for power control of each TRP. Thus, both Alt.2 and Alt.3 can be supported.
Proposal 12: Both alt.2 and alt.3 can be supported.
PUCCH enhancement 
	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.


 As agreed in last meeting, two TPC fields will exist in DCI formats 1_1 / 1_2. The mapping relation between the two TPC field and PUCCH should be clarified. A straightforward solution is to allow the 1st TPC field corresponds first PUCCH beam and the 2nd TPC field corresponds second PUCCH beam.
Proposal 13: The 1st TPC field corresponds first PUCCH beam and the 2nd TPC field corresponds second PUCCH beam.
· Beam mapping:
A remaining issue is how to handle the beam mapping if PUCCH/PUSCH is dropped due to invalid UL symbols. Note that dynamic SFI should be considered since PUCCH/PUSCH transmission would be affected by dynamic SFI, especially for CG PUSCH. If a dynamic SFI is configured, but it is miss detected by a UE, the UE would not change the remaining transmit beam pattern, but gNB would receive UL transmission according to a new beam pattern considering the dynamic SFI indication. Misunderstanding between gNB and UE will cause as a result.  Considering this, we think that the beam mapping pattern should not consider PUCCH/PUSCH dropping due to invalid UL symbols as a unified solution. 
Proposal 14: Beam mapping pattern should not consider PUCCH/PUSCH dropping due to invalid UL symbols.

Conclusion 
In this contribution, we provide our opinions on further enhancements on multi-TRP/panel transmission. Based on the discussions, we have the following proposals:
Proposal 1: Only value 2 is supported for the number of BDs for the two PDCCH candidates.
Proposal 2: For PDCCH repetition, not support MAC-CE for linking two SS sets.
Proposal 3: The monitor occasions for linked SS sets are placed in a time domain interlaced pattern within one slot.
Proposal 4：The reference candidate is the one stars later in time for deciding the reference symbol for SLIV.
Proposal 5：d is defined as the number of overlapping symbols of the scheduling PDCCH(s) and the scheduled PDSCH.
Proposal 6：Confirm the working assumption below:
· 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) 
Proposal 7：For reception with two different beams, we have the following options:
· the 1st reference CORESET determined by Rel-15/16 rules among unlinked PDCCH repetitions
· the 2nd reference CORESET determined by Rel-15/16 rules among linked PDCCH repetitions
Proposal 8：Support option-2 where the candidate in a higher SS set ID is not counted for monitoring.
[bookmark: _GoBack]Proposal 9：Support option-1 where UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate).
Proposal 10: All the dropping cases should be considered for option-1.
Proposal 11：For single-DCI based PUSCH with maxRank>2, a new MAC CE can be considered for the enhancement on PTRS-DMRS association.
Proposal 12: Both alt.2 and alt.3 can be supported.
Proposal 13: The 1st TPC field corresponds first PUCCH beam and the 2nd TPC field corresponds second PUCCH beam.
Proposal 14: Beam mapping pattern should not consider PUCCH/PUSCH dropping due to invalid UL symbols.
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