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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
· PUCCH resource determination
	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. Down-select one of the following options in RAN1 #104-bis-e
· Option 1: The one with the lowest CORESET ID is applied 
· Option 2: The one with the lowest SS set ID is applied.



In the last meeting, there are two options for PUCCH resource determination. In our understanding, both options can be used to determine PUCCH resource ID. Since PDCCH related enhancements are aimed for multi-TRP scenario as described in WID, the two CORESETs for PDCCH repetitions are always with different CORESETs towards different TRPs. We slightly prefer Option1 because PUCCH resource ID determination is based on CORESET related information, e.g. number of CCEs of the CORESET, starting CCE index. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Proposal 1：When DL DCI is transmitted via PDCCH repetition, the lowest CORESET ID is applied for PUCCH resource determination.

· 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




Last meeting, it has been agreed that the two linked SS sets can be configured by RRC signalling. In our understanding, it is enough to use RRC signalling for linkage. In Rel-15/16, PDCCH monitoring behavior is only based on SS sets which is configured by RRC signalling. In Rel-17, we also think the PDCCH repetition behavior can be only based on RRC signalling, and there is no strong need of introducing any operation of activation/deactivation by MAC CE.
Proposal 2: For PDCCH repetition, not support MAC-CE for linking two SS sets.

· 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




Last meeting, there were five options for BD counter. Both option 4 and option5 always assume the specific number of BDs irrespective of UE’s decoding assumption. Comparing with option4, option5 will consume more BD numbers, which will limit the remaining number of BDs for other PDCCH candidates. Thus, we choose option4 between option4 and option5. For option1, 2, and 3, they all involve UE capabilities. In our understanding, it is unnecessary for UE to report the decoding assumption because it is up to UE implement schemes. Thus, we tend not to support Option2 and Option3. Instead, UE can report the required number of BDs irrespective of decoding assumption. Thus, from our perspectives, option1 can be considered. In same degree, assumption 4 can not be supported if the BD counter is based on option4. Thus, we prefer option1 between option1 and option4 slightly because it can support more UE implement schemes.
Proposal 3: For number of BDs corresponding to two linked PDCCH repetitions, support that UE reports one or more numbers as required number of BDs for the two PDCCH candidates.

· Potential issues
	Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.




For issue1, when the UE is schedule with DCI 1_2 with K0=0 and is configured with ReferenceofSLIV-ForDCIFormat1_2, the reference SLIV is based on the starting symbol of  PDCCH monitor occasion where the DCI is detected.
For non-SFN based PDCCH repetition, the two linked PDCCH candidates belong to different monitor occasions. To avoid ambiguity, a reference PDCCH monitor occasion need to be determined. Since the two PDCCH candidates have linked together, we prefer to use the second PDCCH monitor occasion as a reference in case that the first one is failed in decoding.
Proposal 4: For issue 1, support to use the PDCCH monitor occasion that ends later in the time domain among the two monitor occasions as a reference. 
In Rel-16, M-DCI based multi-TRP operation, the PDCCHs from two CORESTEs with different CORESETPoolindex schedule different PDSCHs or PUSCHs. However, PDCCH repetitions from different TRPs intend to schedule single PDSCH or PUSCH transmission. Thus, we don't support PDCCH repetition used with M-DCI based Multi-TRP.
Proposal 5: Not support PDCCH repetition used for M-DCI based multi-TRP.
The PDCCH repetition enhancement for intended for multi-TRP. For issue4, it is out of the scope from our understanding. 
Proposal 6: Not support single TRP PDCCH repetition.

PUSCH enhancement
· SRI/TPMI indication
	Agreement
For single-DCI based M-TRP PUSCH repetition schemes, up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2. 
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK1][bookmark: OLE_LINK2]FFS1: Details on linking SRI fields to two power control parameters, 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
· Alt. 3: Let RAN2 handle this
· Alt.4: Add second sri-PUSCH-PathlossReferenceRS-Id/sri-P0-PUSCH-AlphaSetId/sri-PUSCH-ClosedLoopIndex in SRI-PUSCH-PowerControl.
· FFS2: Enhancements on open-loop power control parameter set indication
· FFS3: Consideration on srs-PowerControlAdjustmentStates
· FFS4: Impact of multi-TRP PUSCH repetition on PHR reporting
· FFS5: Enhancement on power control parameters per TRP when SRI(s) indication of two SRS resource sets is absent.




For multi-TRP operation, the wireless channels of the two links are not relevant and two sets of power control parameters for the two links are introduced. In last meeting, there are four options on details of linking SRI fields to two power control parameters. Anyway, all of Alt.1, Alt.2 and Alt.4 can work. In our understanding, the signaling details should be decided by RAN2. Thus, we prefer Alt.3.  
Proposal 7: For multi-TRP operation, support to let RAN2 handle the details on linking SRI fields to two power control parameters.
The actual PHR of the two links may be different. In general, there are two options for reporting PHR.
· Option1: reporting 2 PHRs towards different TRPs
· Option2: reporting one PHR
For option1, it will increase MAC CE signalling overhead. For Option2, if UE report one larger PHR, then the network adjusts the power considering the reported PHR, which may exceed the power headroom of the link corresponding to the smaller PHR. Thus, for simplicity, we prefer to report the smaller PHR, which is a conservative way for UE without introducing extra signalling. 
Proposal 8: For multi-TRP operation, support to report the smaller PHR.

· 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 9：For single-DCI based PUSCH with maxRank>2, a new MAC CE can be considered  for the enhancement on PTRS-DMRS association.

· TPC related
In RAN1 #103-e meeting, we have the following agreement for PUSCH enhancement: 
	Agreement
Further study following alternatives to support per TRP closed-loop power control for PUSCH , select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 0_1 / 0_2.
Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.


[bookmark: OLE_LINK19][bookmark: OLE_LINK20]
For multi-TRP operation, there are four options for TPC related enhancement. For Option1, a single TPC value is applied for both PUSCH beams, which is not suitable because wireless channels of the two links are not relevant. That means the power control parameters for two links should be independent. For Option2, the TPC value can only apply for one of the PUSCH. The UE can’t adjust power for both PUSCHs simultaneously. Both Option3 and Option4 can provide two TPC values for UE to adjust power for two PUSCH beams at the same time. For Option3, it will enlarge DCI size, which will bring blind detection complexity. Thus, we slightly prefer Option4 for the unchanged DCI size.
Proposal 10: For PUSCH power control in multi-TRP operation, support to use a single TPC field to indicate two TPC values applied to two PUCSH beams, respectively.

· CSI multiplexing on PUSCH issue related
The following agreements were achieved during latest meeting for PUSCH enhancement:
	
Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam.
· For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam) 
· For PUSCH repetition Type B, the first actual PUSCH repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are considered, 
· The UE does not expect the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam to have a single symbol duration (similar restriction as in Rel-16 NR for the single TRP case).
· The first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are expected to have the same number of symbols
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]FFS: X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam
· FFS: Any further restrictions/enhancements needed on supporting A-CSI multiplexing on PUSCH repetitions
· FFS: whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.




For multi-TRP operation, it has supported that the A-CSI can be multiplexed on the PUSCHs towards multi-TRP for the benefit of diversity and reliability. There is a restriction for PUSCH mapping type B that the both PUSCH corresponding to multi-TRP should have the same duration. For PUSCH repetition type B, the A-CSI is multiplexed in the first actual PUSCH corresponding to the first beam. Regarding the FFS about the actual repetition corresponding to the second beam, we prefer X=1. For the X= the first actual repetition of second beam that contains the same number of symbols as the first repetition, it need extra work for both UE and network to determine which actual PUSCH that the AP-CSI can be multiplexed on. On the one hand, the actual PUSCH may be affected by dynamic SFI. If the UE miss the DCI with dynamic SFI, there will be a misunderstanding between UE and network side. For example, considering the dynamic SFI, the network may decode the second actual PUSCH based on the assumption that the PUSCH contains AP-CSI because the second actual PUSCH of the second beam contains the same number of symbols as the first actual PUSCH. Once the UE miss the DCI, the UE will not multiplexing the AP-CSI on the second PUSCH. On the other hand, the PUSCH is scheduled by DCI. Thus, in our understanding, it is possible for network to ensure that the first actual beams from the two TRPs have a same duration. 
Proposal 11: For PUSCH repetition Type B, if the DCI schedules aperiodic CSI, support multiplexing A-CSI on the first actual PUSCH repetitions corresponding to two beams.
For the last FFS, we prefer not to multiplex SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs because the reliability of transmission can be guaranteed due to the transmission is periodic compared with A-CSI transmission. Namely, we have no strong need to support the feature. In addition, network can ensure that PUCCH/PUSCH transmissions from different TRP is TDM-ed in Rel-16. That means when collision between PUCCH and PUSCH happens, the PUCCH and PUSCH are towards same TRPs. Then, the multiplexing rules in Rel-15 can be applied directly. In Rel-17, we prefer to reuse Rel-15/Rel-16 mechanism without any spec effort. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK18]Proposal 12: Not support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.

· Codebook and non-codebook PUSCH 
	Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH, 
· Support two SRI fields corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the SRI field based on Rel-15/16 framework
· Support dynamic switching between multi-TRP and single-TRP operation 
· FFS: Support dynamic switching the order of two TRPs
Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH,
· Two TPMI fields are indicated in DCI formats 0_1/0_2.
· The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only containsindicates the second TPMI index. The same number of layers are applied as indicated in the first TPMI field.
· FFS: Details of second TPMI field interpretation including changes expected in Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212
· FFS: Interpreting TPMI fields when multi-TRP and single-TRP PUSCH repetition is applied.
· FFS: whether to support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.
· FFS: The size of the second TPMI field can be equal to or smaller than the size of the first TPMI field




For codebook based PUSCH for multi-TRP, it has been agreed to support two SRI fields, with each SRI field indicating SRI per TRP, where the SRI field is based on Rel-15/16 framework. For TPMI fields, the second TPMI index is relied on the first TPMI index. Regarding the issue of switching between multi-TRP and single TRP, in general, there are the following options:
· Option1: Reusing the reserved entry in SRI/TPMI fields.
· Option2: Adding a new bit in DCI.
For option1, there is no reserved entry in some case. Considering the legibility of specification, we prefer a unified design considering all cases. Thus, we prefer Option2 for simplicity.
Proposal 13: For codebook based PUSCH, support to add one bit in DCI for dynamic switching between multi-TRP and single TRP.

	Agreement
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH, 
· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, 
· Support the same number of layers applied over repetitions
· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.
· Support dynamic switching between multi-TRP and single-TRP operation
· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations
· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.
· FFS: Support dynamic switching the order of two TRPs
· Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any




For non-codebook based PUSCH for multi-TRP operation, we prefer not to change the specification on Table 7.3.1.1.2-28/29/30/31 for the second SRI field considering the specification effort.  
Proposal 14: For Non-codebook based PUSCH, support the second SRI field is the same as the first SRI field.
For dynamic switching from multi-TRP to single TRP, in general, there are following options:
· Option1: Reusing the second SRI field by reserved entry
· Option2: Reusing the second SRI field by indicating a different layers from the first SRI field.
· Option3: Adding a new bit.
For option1, it may not work on some cases because there is no reserved entry in the table. 
 For Lmax=1, the option2 can not work because the table for Lmax=1 only includes the single layer case. A new bit needs to be introduced for switching from multi-TRP to single TRP operation. It can be allocated in a new field or in the second SRI field.
For Lmax=2/3/4, both Option2 and Option3 can work. We prefer Option2 for less spec impact. When the two SRI fields indicate different number of layers, it can be assumed to switch to single TRP operation. Then a default behavior can be assumed that the first SRI field is valid or the SRI field with less layers is valid. 
Proposal 15: Support the following for dynamic switching between multi-TRP and single TRP:
· For Lmax=1, one bit needs to be introduced  for switching from multi-TRP to single TRP operation.
· For Lmax=2/3/4, when the indicated two SRI fields are with different layers, it is assumed to switch to single TRP operation.
Regarding the FFS on supporting dynamic switching the order of two TRPs in both codebook based and non-codebook based PUSCH, we don’t see a strong need of supporting it and the benefit is unclear for us. Thus we prefer not support it.
Proposal 16: Not support dynamic switching the order of two TRPs.

· Default beam for PUSCH scheduled by DCI 0_0
	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, when PUSCH is scheduled by DCI 0_0, the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the dedicated PUCCH resource with the lowest ID. For Rel-17 multi-TRP operation, it is confused for UE to apply the default beam when two spatial relation info’s are configured for the PUCCH resource with lowest ID. To avoid ambiguity, a pre-defined rule can be used to define the default beam. For example, we can restrict that only PUCCH resource with single spatial relation can be used for determination of default beam for PUSCH scheduled by DCI format 0_0.
Proposal 17: Support that only PUCCH resource with single spatial relation info can be used for determination of default beam for PUSCH scheduled by DCI format 0_0.

PUCCH enhancement 
· PUCCH repetition scheme
Regarding the PUCCH repetition scheme, the following agreements were achieved during RAN1#104e meeting for PUCCH enhancement:
	Agreement
For M-TRP PUCCH scheme 1,  
· Support PUCCH formats 0 and 2 (in addition to agreed PUCCH formats 1,3,4)
Agreement
For M-TRP PUCCH scheme 1, 
· For PUCCH formats 1/3/4, values for the total number of repetitions at least contain values 2, 4, and 8.  
· FFS: maximum repetition number can be extended to 16.
· For PUCCH formats 0/2, the total number of repetitions at least contain 2.  
· FFS: other values.
· RRC configured number of slots (repetitions) are applied across both TRPs (e.g if the number of repetitions given by nrofSlots in PUCCH-config is 8, per TRP limit is 4). 




In last meeting, a following working assumption was made for multi-TRP intra-slot repetition (Scheme 3):
	Working Assumption
For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats. 
· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 
· Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT
Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.



Since sub-slot based repetition can enhance the reliability and was agreed to support for single-TRP transmission in Rel-17 eIIoT, it is reasonable also to support sub-slot based repetition for multi-TRP transmission, so we propose to confirm the working assumption. 
Proposal 18: Confirm the working assumption.
In addition, to further increase the reliability and reduce latency by replacing sub-slot with slot, we think there is no necessity to constraint the repetition number to be 2. In addition, it has been agreed to support sub-slot based PUCCH repetition in Rel-17 eIIoT and reuse the Rel-16 slot-based PUCCH schemes as much as possible. To keep consistence with Rel-17 eIIoT, repetition numbers larger than 2 can be supported for multi-TRP scheme 3. In addition, crossing slot transmission can also be considered, especially for 7-symbol sub-slot case.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 19: Support repetition number being larger than 2 for multi-TRP scheme 3 transmission. 
Proposal 20: Crossing slot transmission of multi-TRP scheme 3 can be considered, especially for 7-symbol sub-slot case. 

· Power control for FR1 
Regarding the power control for FR1, the following agreement/conclusion were achieved during RAN1#104e meeting for PUCCH enhancement:
	Agreement
To support per TRP power control for multi-TRP PUCCH schemes in FR1, 
· Two sets of power control parameters are used, and each set has a dedicated value of p0, pathloss RS ID and a closed-loop index. 
· FFS: details on how a PUCCH resource can be linked to one or both of the two sets of power control parameters.
· FFS: whether PUCCH resource group can be linked to power control parameter sets.

Conclusion
For Multi-TRP PUCCH Scheme 1/3 at least containing HARQ ACK, supporting dynamic switching between multi-TRP PUCCH scheme and single-TRP PUCCH transmission is not restricted, and can be done by associating, 
· a PUCCH resource activated with one or two spatial-relation-info and PRI bit-field indicating a PUCCH resource,
· or a PUCCH resource with one or two power control parameter sets and PRI bit-field indicating a PUCCH resource
FFS: Support of dynamic switching for Scheme 2 (if the schemes supported)
· FR2：A PUCCH resource activated with one or two spatial-relation-info and PRI bit-field indicating a PUCCH resource.



Note that PUCCH Spatial Relations cannot be configured for FR1 UEs in Rel-15/16 UE feature, we need to achieve a consensus whether a PUCCH resource of an FR1 UE can be configured with spatial relations or not before further discussion. 
Regarding how a PUCCH resource can be linked to one or both of the two sets of power control parameters if a PUCCH spatial relation cannot be configured for an FR1 UE, the linkage can be built by introducing a new RRC parameter for each PUCCH resource/format to indicate single-TRP or multiple-TRP PUCCH transmission. It also implicitly indicates to associate with one or two sets of power control parameters.
Proposal 21: A new RRC parameter can be added for each PUCCH resource/format to indicate single or multiple TRP scheme.

· TPC for PUCCH 
Regarding the PUCCH power control, the following agreement was achieved during RAN1#104e meeting for PUCCH enhancement:
	Agreement
Further study following alternatives to support per TRP closed-loop power control for PUCCH , select  from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.




For PUCCH TPC related enhancement in FR2, a similar scheme as PUSCH can be applied.  Overall, option 4 employs a single TPC field to indicate two independent TPC values through mapping between a TPC codepoint and a pair of TPC commands, which can provide benefit from the perspective of both performance and DCI overhead, thus we prefer Option 4 here.
Proposal 22: For PUCCH power control in multi-TRP operation, support to use a single TPC field to indicate two TPC values applied to two PUCCH beams, respectively.

· Beam mapping:
A remaining issue of the last meeting 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 23: 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：When DL DCI is transmitted via PDCCH repetition, the lowest CORESET ID is applied for PUCCH resource determination.
Proposal 2: For PDCCH repetition, not support MAC-CE for linking two SS sets.
Proposal 3: For number of BDs corresponding to two linked PDCCH repetitions, support that UE reports one or more numbers as required number of BDs for the two PDCCH candidates.
Proposal 4: For issue 1, support to use the PDCCH monitor occasion that ends later in the time domain among the two monitor occasions as a reference. 
Proposal 5: Not support PDCCH repetition used for M-DCI based multi-TRP.
Proposal 6: Not support single TRP PDCCH repetition.
Proposal 7: For multi-TRP operation, support to let RAN2 handle the details on linking SRI fields to two power control parameters.
Proposal 8: For multi-TRP operation, support to report the smaller PHR.
Proposal 9：For single-DCI based PUSCH with maxRank>2, a new MAC CE can be considered  for the enhancement on PTRS-DMRS association.
Proposal 10: For PUSCH power control in multi-TRP operation, support to use a single TPC field to indicate two TPC values applied to two PUCSH beams, respectively.
Proposal 11: For PUSCH repetition Type B, if the DCI schedules aperiodic CSI, support multiplexing A-CSI on the first actual PUSCH repetitions corresponding to two beams.
Proposal 12: Not support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.
Proposal 13: For codebook based PUSCH, support to add one bit in DCI for dynamic switching between multi-TRP and single TRP.
Proposal 14: For Non-codebook based PUSCH, support the second SRI field is the same as the first SRI field.
Proposal 15: Support the following for dynamic switching between multi-TRP and single TRP:
· For Lmax=1, one bit needs to be introduced  for switching from multi-TRP to single TRP operation.
· For Lmax=2/3/4, when the indicated two SRI fields are with different layers, it is assumed to switch to single TRP operation.
Proposal 16: Not support dynamic switching the order of two TRPs.
Proposal 17: Support that only PUCCH resource with single spatial relation info can be used for determination of default beam for PUSCH scheduled by DCI format 0_0.
Proposal 18: Confirm the working assumption.
[bookmark: _GoBack]Proposal 19: Support repetition number being larger than 2 for multi-TRP scheme 3 transmission. 
Proposal 20: Crossing slot transmission of multi-TRP scheme 3 can be considered, especially for 7-symbol sub-slot case. 
Proposal 21: A new RRC parameter can be added for each PUCCH resource/format to indicate single or multiple TRP scheme.
Proposal 22: For PUCCH power control in multi-TRP operation, support to use a single TPC field to indicate two TPC values applied to two PUCCH beams, respectively.
Proposal 23: Beam mapping pattern should not consider PUCCH/PUSCH dropping due to invalid UL symbols.
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