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1. Introduction 
In RAN#86 meeting [1], it is agreed that the work item aims to identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline. SDM, TDM, and FDM based PDSCH enhancements have been specified in Rel-16 to improve reliability and robustness for multi-TRP transmission. The enhancements for other channels, including PDCCH, PUSCH, and PUCCH, are discussed in this contribution. 
2. Enhancements on multi-TRP for PDCCH
2.1 PDCCH BD limit enhancement
In RAN1#104b-e meeting [2], the following agreement was made for PDCCH BD limit.

	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


As for the required number of BDs for the two PDCCH candidates, if UE could report two different kinds of candidates, the network might take 2 or 3 as required number of BDs adaptively, which might bring unnecessary ambiguity between network and UE in terms of PDCCH overbooking. Therefore, to make the required number of BDs for the two PDCCH candidates clearer, we think UE can only report single candidate value.
Besides, if UE don’t report any candidate value as required BD number, to make full use of PDCCH capacity, considering that gNB could configure as more PDCCH candidates as possible, network could take that UE don’t support soft combining and will take 2 as required number of BDs for the two PDCCH candidates.
Proposal 1: UE could only report single candidate value as required number of BDs for two PDCCH candidates that are linked for PDCCH repetition.

Proposal 2: Network could take 2 as required number of BDs for the two PDCCH candidates when UE don’t report any candidate value.
2.2 Reference PDCCH candidate for PDSCH mapping type B
In RAN1#104b-e meeting [2], the following agreement was made for PDSCH mapping type B.

	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


In Rel-15, the existing restrictions about PDSCH mapping type B are copied below:

	The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol than the first symbol indicated in the PDSCH time domain resource allocation.


Considering the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV, choosing the candidate that starts later in time (Alt1) is more aligned with the existing approach in Rel-15/16. Besides, Alt 1 could also give UE more time to buffer PDSCH scheduled by the linked PDCCH candidates and force all the two PDCCH is before the scheduled PDSCH in time domain, which guarantee UE more chance to decode PDCCH successfully and properly receive the scheduled PDSCH accordingly.
Proposal 3: Support using the candidate that starts later in time as the reference PDCCH candidate for PDSCH type B (Alt1).

2.3 QCL-TypeD property enhancement for multiple overlapping CORESETs
In RAN1#104b-e meeting [2], the following agreement was made for QCL-TypeD property enhancement for multiple overlapping CORESETs.

	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.


In Rel-15, if multiple time-overlapping CORESETs in some monitoring occasions have different QCL-Type D properties, UE have to identify one reference CORESET and receive PDCCH based on the QCL-Type D property of this reference CORESET. However, in Multi-TRP PDCCH repetition scheme, if a UE support reception with two different beams and is configured with FDM or SFN based PDCCH transmission, UE should be allowed to monitor PDCCHs with at least two different QCL-Type D. After determining the 1st priority CORESET following Rel-15 rules, considering the linkage of the SS sets could be a simple way to enhance the existing QCL-Type D prioritization. If one of two linked SS sets are associated with the CORESET with highest priority, UE can monitor PDCCHs in two CORESETs which the two linked SS sets are respectively associated with, nevertheless the two CORESETs have same QCL-Type D property or not. 
Proposal 4: Consider the linkage of SS sets when identifying two QCL-Type D properties for multiple overlapping CORESETs.

2.4 Overlapping a linked candidate with an individual candidate 
In RAN1#104b-e meeting [2], the following agreement was made for the case when a linked candidate is overlapped with an individual candidate.
	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


In Rel.15, there is no difference which of overlapping candidates is counted for monitoring when multiple PDCCH candidates are time-overlapped. However, in this case, there might be different BD counting number and different interpretation of detected DCI based on the SS set ID configurations in Option 2 and 3. For example, if the individual candidate is counted, these overlapped candidates are only counted as 1 BD number based on Rel. 15/16 rules; if the linked candidate is counted, these overlapped candidates are counted as 2 or 3 BD number based on Rel. 17 PDCCH repetition rules. Therefore, the unnecessary flexibility in Option 2 and 3 might bring some extra UE complexity. 
On the other hand, if the individual candidate is not counted for monitoring, Rel.17 PDCCH repetition rules will be used for interpretation of detected DCI. However, if the linked candidate is not counted for monitoring, how to treat the other linked candidate is another issue. If one of the linked candidates is not counted for monitoring, the required number of BDs for the two linked PDCCH candidates should be zero, one or the reported value? Besides, the DCI detected in the other linked PDCCH candidate should be interpreted based on Rel.17 PDCCH repetition rules or not? All these issues need be studied if Option 2 or 3 is supported. Considering less UE complexity and less standardization impact, we think Option 1 could be supported when a linked candidate is overlapped with an individual candidate.
Proposal 5: The individual candidate might not be counted for monitoring (Option 1) when a linked candidate is overlapped with an individual candidate.
2.5 When one of linked PDCCH candidates is dropped
In RAN1#104b-e meeting [2], the following agreement was made for the case when one of linked PDCCH candidates is dropped.

	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 


For Option 2, dropping both the two linked candidates is unnecessary since it might result in some extra latency and PDCCH resource wasting. Though comparing with Multi-TRP PDCCH repetition transmission, Option 1 doesn’t provide any additional reliability benefit since one of the linked candidates is dropped, Option 1 could still provide better PDCCH transmission flexibility and low transmission latency than dropping both two candidates as indicated in Option 2. So, based on the above analysis, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped), UE should still monitor the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate).
Proposal 6: If due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped), UE should still monitor the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate) (Option 1).
3. Enhancements on multi-TRP for PUCCH 
3.1 Default beam for PUSCH when two spatial relation info’s are configured for a PUCCH resource 
In RAN1#104-e meeting [3], the following agreement was made for some issues on PUCCH repetition scheme.

	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


In Rel-15/16, when PUSCH is scheduled by DCI format 0_0, the PUSCH need to apply the same beam as the corresponding PUCCH resource. However, in Multi-TRP PUCCH repetition scheme, the PUCCH resource is configured with two spatial relation info. Therefore, considering two spatial relation info are configured, the reference beam is needed to be clarified for unambiguous determination. Hence, one of the two spatial relation info in a PUCCH resource could be applied as the reference default beam for PUSCH scheduled by DCI format 0_0 when the PUCCH resource is configured with two spatial relation info.

Proposal 7: One of the two spatial relation info in a PUCCH resource could be applied as the reference default beam for PUSCH scheduled by DCI format 0_0 when the PUCCH resource is configured with two spatial relation info.
3.2 PUCCH resource grouping enhancement
In RAN1#105-e meeting [4], the following conclusion was made for PUCCH resource grouping enhancement.

	For future meetings:

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


In Rel-16, PUCCH resources could be grouped and the spatial relation info of these PUCCH resources within one group can be updated simultaneously by MAC CE. Up to 4 PUCCH resource groups are supported in RRC and each PUCCH resource group is configured with one beam. This feature could help save MAC CE overhead effectively. Therefore, the group based spatial relation update in FR2 should be introduced for Multi-TRP PUCCH repetition transmission as well.
Proposal 8: Support group based PUCCH resource spatial relation update in FR2 for Multi-TRP PUCCH repetition.

4. Enhancements on multi-TRP for PUSCH 
4.1 Default power control parameters for Multi-TRP PUSCH
In RAN1#105-e meeting [4], the following agreement was made for default power control parameters in Multi-TRP PUSCH repetition scheme.

	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.


For Alt.1, when sri-PUSCH-PowerControl is not provided to the UE, only one default power control parameter set can be used be both two TRPs. Therefore, in this case, Alt.1 can’t provide separate default P0, alpha, PL-RS, and closed loop index for these two TRPs. This might bring improper power control for Multi-TRP PUSCH transmission and the interference between these two TRPs is also uncontrollable. However, Alt.2 and Alt.3 in the agreement have covered this case, UE could have separate power control parameter sets for these two TRPs in any cases even if sri-PUSCH-PowerControl is not provided to the UE. Therefore, Alt.2 and Alt.3 could be supported for default power control parameters enhancement in Multi-TRP PUSCH repetition scheme.
Proposal 9: Support Alt.2 and Alt.3 for default power control parameters enhancement in Multi-TRP PUSCH repetition scheme.

5. Conclusions

Based on the above discussions, the proposals are as follows:
Proposal 1: UE could only report one candidate value as required number of BDs for two PDCCH candidates that are linked for PDCCH repetition.

Proposal 2: Network could take 2 as required number of BDs for the two PDCCH candidates when UE don’t report any candidate value.

Proposal 3: Support using the candidate that starts later in time as the reference PDCCH candidate for PDSCH type B (Alt1).

Proposal 4: Consider the linkage of SS sets when identifying two QCL-Type D properties for multiple overlapping CORESETs.

Proposal 5: The individual candidate might not be counted for monitoring (Option 1) when a linked candidate is overlapped with an individual candidate.

Proposal 6: If due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped), UE should still monitor the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate) (Option 1).
Proposal 7: One of the two spatial relation info in a PUCCH resource could be applied as the reference default beam for PUSCH scheduled by DCI format 0_0 when the PUCCH resource is configured with two spatial relation info.
Proposal 8: Support group based PUCCH resource spatial relation update in FR2 for Multi-TRP PUCCH repetition.

Proposal 9: Support Alt.2 and Alt.3 for default power control parameters enhancement in Multi-TRP PUSCH repetition scheme.
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