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Introduction
According to current 38.213[1], if SRI-PUSCH-PowerControl is not provided by RRC or SRI is not included in a DCI, only single close loop index [image: ] can be assumed by UE for the PUSCH, .and the UE determines P0 and alpha from the value of the first P0-PUSCH-AlphaSet in p0-AlphaSets. Furthermore, a default pathloss RS, the pathloss RS with PUSCH-PathlossReferenceRS-Id=0 configured by RRC, will be used for pathloss measurement of the PUSCH. In this case, for PUSCHs scheduled for different TRPs, e.g. PUSCHs associated with different values of CORESETPoolindex, the same default P0, alpha, pathloss RS and closed loop index will be applied. Similar issues exist for PUCCH when the UE is not provided PUCCH-SpatialRelationInfo, e.g. for FR1.
Observation 1: The default power control parameters (e.g. P0, alpha and close loop index) are the same for PUSCH/PUCCH associated with different values of CORESETPoolIndex (e.g. for different TRPs).
Observation 2: The same downlink signal (from one TRP) is used as default pathloss RS of PUSCH/PUCCH associated with different values of CORESETPoolIndex (e.g. for different TRPs) when spatial relation information is not configured.
In Rel-17, for enhancements on Multi-TRP for PUSCH, default P0, alpha, PL-RS, and closed loop index was agreed to be defined per TRP as agreed in RAN1#105 meeting below:
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.
Similar enhancement should also be considered for multiple DCI based M-TRP for PUSCH transmission. 
Discussion
Default close loop index for different CORESETPoolIndex
The UE features list for Rel-16 NR [2] includes a feature group 16-2a-3 to support of out-of-order operation for PDCCH to PUSCH for multi-DCI based M-TRP transmission. To reduce the UE complexity for close loop power control, a note was added as below to introduce the restriction that same closed loop index for PUSCHs associated with different CORESETPoolIndex is not supported by a UE supporting UL out-of-order. That is, for a UE supporting this FG, different close loop indexes should be configured for PUSCHs associated with different CORESETPoolIndex.
	16-2a-3
	Out-of-order operation for UL
	1. Support out-of-order operation for PDCCH to PUSCH
	16-2a
	Yes
	N/A
	
	Per band
	No
	No
	
	Note: “Same closed loop index for power control across PUSCHs associated with different CORESETPoolIndex values is not supported by a UE indicating the support of this feature”
	Optional with capability signalling



For a UE indicating support of FG 16-2a-3, additional scheduling restriction will be introduced for the following cases:
· Once DCI format 0_0 is scheduled for CORESETPoolIndex=0 (l=0), the DCI format can’t be scheduled by CORESETPoolIndex=1, and only close loop index l=1 can be configured for PUSCH associated with CORESETPoolIndex=1.
· If UE reports capability of single SRS resource in the SRS resource set for codebook (maxNumberSRS-ResourcePerSet equal to 1), SRI will not be included in any UL grant. In this case, only PUSCH associated with one value of CORESETPoolIndex can be scheduled, which means multi-DCI based M-TRP transmission can’t be supported for uplink. 
· In FR1, gNB is not likely to configure SRI-PUSCH-PowerControl or multiple SRS resources for beam selection in the SRS resource set for codebook. Without SRI in DCI or SRI-PUSCH-PowerControl, only PUSCH associated with one value of CORESETPoolIndex can be scheduled by gNB.
In a summary, for a UE supporting out-of-order operation for uplink, PUSCHs scheduled by different CORESETPoolIndex can hardly be supported especially in FR1, since the same default close loop index is defined for different CORESETPoolIndex. There is not such restriction for UEs not supporting this FG. The restriction makes the FG 16-2a-3 meaningless and support of it becomes a block to support PUSCH scheduled with different CORESETPoolIndex. To avoid such unreasonable restriction on scheduling, different default close loop indexes should be defined for different CORESETPoolIndex. That is, if SRI-PUSCH-PowerControl is not provided or SRI is not included in a DCI, close loop index l=0 and l=1 should be respectively applied to PUSCHs associated with CORESETPoolIndex=0 and CORESETPoolIndex=1.It also avoids the same close loop index for PUSCHs targeting different TRPs and allows TRP specific closed loop power control. The mechanism can be directly extended to PUCCH to avoid similar issue considering PUCCH-SpatialRelationInfo is optional.
Proposal 1: Support TRP specific default close loop index for PUSCH and PUCCH associated with different values of CORESETPoolIndex.
· If the PUSCH is scheduled by a DCI format that does not include an SRI field, or if an SRI-PUSCH-PowerControl is not provided to the UE, close loop index l = 0 and 1 are respectively applied to PUSCHs scheduled by PDCCHs associated with CORESETPoolIndex=0 and CORESETPoolIndex=1.
· If the UE is not provided PUCCH-SpatialRelationInfo, close loop index l = 0 and 1 are respectively applied to PUCCHs scheduled by PDCCHs associated with CORESETPoolIndex=0 and CORESETPoolIndex=1.
1.1. Default pathloss RS, P0 and alpha for different CORESETPoolIndex
Based on 38.213 [1], if SRI-PUSCH-PowerControl is not provided to a UE or SRI is not included in a DCI, a default pathloss RS, the pathloss RS with PUSCH-PathlossReferenceRS-Id=0 configured by RRC, will be used for pathloss measurement of PUSCH. If multiple values of CORESETPoolIndex are configured, PUSCHs targeting different TRPs will share the same pathloss RS, which would lead to mismatched pathloss estimation for PUSCH. Similar issue should also be considered for PUCCH associated with different CORESETPoolIndex when PUCCH-SpatialRelationInfo is not configured and for open loop power control parameters {P0, alpha}. Considering that a PUSCH without indication of SRI-PUSCH-PowerControl or SRI and a PUCCH without PUCCH-SpatialRelationInfo are common cases in FR1, we propose to support TRP specific pathloss RS, P0 and alpha for PUSCH/PUCCH, e.g. apply two pathloss RS with different PUSCH-PathlossReferenceRS-Id for different TRPs (CORESETPoolIndex), as shown in Fig.1.


Fig.1: Default pathloss RS for different TRPs
Proposal 2: Support TRP specific default pathloss RS, P0 and alpha for PUSCH associated with different values of CORESETPoolIndex.
Proposal 3: Support TRP specific default pathloss RS and P0 for PUCCH associated with different values of CORESETPoolIndex.
Conclusion
In this contribution, we propose some further enhancement on uplink power control to better support multi-DCI based M-TRP for PUSCH/PUCCH transmission. The proposal is summarized below.
Proposal 1: Support TRP specific default close loop index for PUSCH and PUCCH associated with different values of CORESETPoolIndex.
· If the PUSCH is scheduled by a DCI format that does not include an SRI field, or if an SRI-PUSCH-PowerControl is not provided to the UE, close loop index l = 0 and 1 are respectively applied to PUSCHs scheduled by PDCCHs associated with CORESETPoolIndex=0 and CORESETPoolIndex=1.
· If the UE is not provided PUCCH-SpatialRelationInfo, close loop index l = 0 and 1 are respectively applied to PUCCHs scheduled by PDCCHs associated with CORESETPoolIndex=0 and CORESETPoolIndex=1.
Proposal 2: Support TRP specific default pathloss RS, P0 and alpha for PUSCH associated with different values of CORESETPoolIndex.
Proposal 3: Support TRP specific default pathloss RS and P0 for PUCCH associated with different values of CORESETPoolIndex.
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