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Background
At RAN#86, a new work item on “Further enhancements on MIMO for NR” was agreed [1] and the revised WID was agreed at RAN#89-e [2]. In the WID, the following objectives were agreed for multi-TRP enhancement.
	1. 
1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
1. 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 
1. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
1. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
1. Enhancement to support HST-SFN deployment scenario:
3. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
3. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
 



In this contribution, we share our views on PUSCH enhancement for MTRP operation.

Discussions
In the last meeting, the following agreements were made.
	Agreement
For the case of multi-TRP, to support per-TRP power control in FR1, the linking of PUCCH resource with [one or] two power control parameter sets, the following is supported
· MAC-CE indicates RRC IE that configures power control parameter sets (p0, pathloss RS ID, and a closed-loop index).
· The exact design of RRC IE is up to RAN2 but from RAN1 point of view, one possible example is to reuse PUCCH-SpatialRelationInfo except for the referenceSignal 
Note: It is common understanding in RAN1 that one PUCCH resource can be linked to one power control parameter set.

Conclusion
With reference to the normative work on NR-feMIMO:
Related to the support of switching gap between UL transmissions towards two TRPs in RAN1 specifications, there is no consensus in RAN1 to specify symbol gap(s) for the following cases
· PUSCH Type A 
· PUCCH scheme 1
· PUSCH Type B
· PUCCH scheme 3
The above applies for the case included in the LS from RAN4 in R1-2102297.

Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1#105-e meeting,  
· Option 1
· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
· Option 2: 
· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)
· Option 3:
· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 
 
Agreement
When SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2, for linking SRI fields to two power control parameters, it is up to RAN2 to finalize the RRC details related to linking. RAN1 identified that the following options could be used. 
· 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
 
Agreement
For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· Option 1:  Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting 
 
Agreement
When MAC-CE indicates a PL-RS ID for one or more SRI IDs, it also indicates whether the SRI IDs are associated with the first or the second SRS resource set.
 
Agreement
For multiplexing A-CSI on two PUSCH repetitions in the case of multi-TRP PUSCH repetition,
· For S-DCI based multi-TRP PUSCH repetition Type B, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the first (X = 1) PUSCH repetition corresponding to the second beam.
· The UE is expected to follow the above operation for multiplexing A-CSI on two PUSCH repetitions only if 
· the first actual repetition corresponding to the first beam and the first actual repetition corresponding to the second beam have the same number of symbols, and 
· 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.
· The content for the two A-CSI should be the same
· Note: RAN1 has the assumption on CSI timelines are followed as rel-15/16, including UE shall expect the timeline for the first A-CSI meets Z and Z’ requirement
· FFS: For s-DCI based multi-TRP PUSCH repetition Type A and B, support multiplexing of 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. 
· 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).
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Working Assumption
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
· FFS: Whether the new field is 1 bit or 2 bits

Working Assumption
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 the indication of open-loop power control parameter (OLPC) in DCI format 0_1/0_2, support enhanced open-loop power control parameter (OLPC) set indication by indicating per-TRP OLPC set.
· FFS: Details of indication.

Agreement
For CB based M-TRP PUSCH repetition, the first TPMI field is used to determine the entry of the second TPMI field which only contains TPMIs corresponding to the indicated rank (number of layers) of the first TPMI field. The second TPMI field’s bit width, M2, is determined by the maximum number of TPMIs per rank among all ranks associated with the first TPMI field. For each rank y, the first Ky codepoint(s) of the second TPMI field are mapped to Ky TPMI(s) of rank y associated with the first TPMI field in increasing order codepoint index, the remaining (2M2-Ky) codepoint(s) are reserved.
1. How to describe/capture this in 38.212 is up to the editor.


Agreement 
Confirm the following Working Assumption:
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
1. FFS: Applicability of mapping patterns for different beam switching gaps
1. The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
1. Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 
2. Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 
2. Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.

Agreement 
Confirm the following Working Assumption (with small correction of typo and clarification on UE capability in RED):
1. For beam mapping /power control parameter set mapping for PUCCH repetitions,
0. For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).
0. For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource parameter set mapping to sub-slots.
0. The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 

Agreement
Confirm the following working assumption (with removing the last bullet):
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
1. The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
1. FFS: Support of half-half mapping. 
1. FFS: Additional considerations on mapping patterns (including required beam switching gaps) 

Agreement
For single DCI based M-TRP PUSCH Type B repetition, the indication of PTRS-DMRS association for maxRank > 2 is supported, down select one of the following options in RAN1 #105-e meeting, 
1. The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
1. Option 1 (4 bits): with a second PTRS-DMRS association field (similar to the existing field), and each field separately indicating the association between PTRS port and DMRS port for two TRPs. 
1. Option 2 (2 bits): using the existing PTRS-DMRS association field in DCI for the first TRP, and using reserved entries/bits in DM-RS port indication field for the second TRP.
1. Option 3 (2 bits): 1 bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1 bit LSB is used to indicate PTRS-DMRS association for the second TRP
10. if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
10. if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.

Agreement
For type 1 or type 2 CG based multi-TRP PUSCH repetition, 
1. Introduce the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ 
1. For type 1 CG based m-TRP PUSCH repetition, introduce the second fields of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers' in 'rrc-ConfiguredUplinkGrant'.
1. For type 2 CG based M-TRP PUSCH, two SRIs/TPMIs are indicated via the activating DCI.
1. FFS1: UL PT-RS port(s) and DM-RS port(s) for CG type 1
1. FFS3: Details on RV mapping. 
1. FFS4: Possible transmission occasion for initial transmission
1. FFS5: Other TRP specific parameters in 'rrc-ConfiguredUplinkGrant', e.g., 'dmrs-SeqInitialization'.




Regarding PHR reporting, our preference is option 2 or option 4, because option 1 is too restrictive and option 5 is also similar to option 1. Our preference is option 2 or option 4. From these options, we slightly prefer option 4.
Proposal 1: For PHR reporting for MTRP PUSCH, option 2 or option 4 is preferred.

Regarding the following working assumptions, we are OK to confirm these working assumptions.
	Working Assumption
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
· FFS: Whether the new field is 1 bit or 2 bits

Working Assumption
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.



Proposal 2: Confirm the working assumptions

Conclusion
In this contribution, we have the following proposal:
Proposal: For PHR reporting for MTRP PUSCH, option 2 or option 4 is preferred.
Proposal 2: Confirm the following working assumptions
	Working Assumption
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
· FFS: Whether the new field is 1 bit or 2 bits

Working Assumption
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.
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