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1. Introduction
In RAN1#104b-e meeting, several agreements were made mainly on multi-TRP based PDCCH/PUSCH/PUCCH. In this contribution, we further discuss the related details under each category and make some proposals.
2. Enhancement on PUSCH
2.1. Dynamic switching between STRP and MTRP operation 
Regarding the indication of dynamic switching between single-TRP and multi-TRP operation, the following working assumption was achieved in the RAN1#104-e meeting: 
	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


In the last meeting, using one or more reserved entries of the second SRI or the second TPMI filed was discussed. However, the SRI field and TPMI filed may not be present. In addition, if the fields are present, there is not always reserved entries. Therefore, introducing a new field in DCI to indicate dynamic switching between single-TRP and multi-TRP operation is a simple and clean solution. In other words, we agree to confirm the working assumption. Regarding the FFS point, the field with 2 bits can indicated one of the following three schemes, i.e. single-TRP based PUSCH repetition with the first TRP, single-TRP based PUSCH repetition with the second TRP and multi-TRP based PUSCH repetition.
Proposal 1: Regarding the dynamic switching between single-TRP and multi-TRP operation, the working assumption should be confirmed and the field with 2 bits can indicated one of the following three schemes, i.e., TRP1, TRP2 and multi-TRP.
2.2. Power control enhancement
In RAN1 #104b-e meeting [1], following agreement was achieved on power control in multi-TRP based PUSCH repetition.
	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 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.


In the last meeting, to support TPR specific PHR reporting, five alternatives were discussed. Since two sets of PC parameters are configured for different TRPs, the PHR calculated based on different PC parameters are different and two PHRs based on different beams are reported to notify the UE remaining power status. Regarding Option 1, even though two PC parameter sets towards different TRPs are configured, it cannot support TPR specific PHR reporting. Regarding Option 2, since only one of the two PHRs is reported, the PHR should be reported associated with the corresponding TRP indication. Regarding Option 4, the PHR per TRP can be reported and it can manage power for multi-TRP PUSCH more efficiently. Therefore, Option 4 is the best solution.
Proposal 2: For PHR reporting related to M-TRP PUSCH repetition, Option 4 is preferable.
In Rel-16, power boosting URLLC transmissions by modifying P0 is defined to control the open loop power in case of collision. However, for multi-TRP based PUSCH repetitions, it is possible that URLLC traffic collides with eMBB traffic only at one of the two TRPs, hence, power boosting of the two TRPs can be controlled separately. To support independent open loop power control for two TRPs, a second open-loop power control parameter set indication field can be added in DCI, where the first and second open-loop power control parameter set indication fields correspond to the first and second SRI fields respectively. If the value of open-loop power control parameter set indication field is ‘1’, the P0 value for open loop power control is determined by the P0 value in p0-PUSCH-Set-r16. To provide P0 value for two TRPs independently, the p0-PUSCH-Set-r16/p0-PUSCH-SetList-r16 can be enhanced to provide two P0 values based on the two SRI fields. In addition, the bit width of the two open-loop power control parameter set indication fields can be determined separately. 
Proposal 3: To support independent open loop power control for two TRPs, a second open-loop power control parameter set indication field can be added and p0-PUSCH-Set-r16/p0-PUSCH-SetList-r16 can be enhanced to provide two P0 values for two TRPs.
Since TRP specific PC parameter set is agreed, the values of PC parameters for two TRPs can be default when two SRI fields are absent in DCI. If two sri-PUSCH-MappingToAddModList are configured, the PL-RS corresponding to the first TRP is indicated by the sri-PUSCH-PowerControlId being equal to 0 in the first sri-PUSCH-MappingToAddModList and the PL-RS corresponding to the second TRP is indicated by the sri-PUSCH-PowerControlId being equal to 0 in the second sri-PUSCH-MappingToAddModList.

Proposal 4: When two SRI fields are absent in DCI, the default PL-RSs for the two TRPs should be designed.

If PUSCH-PathlossReferenceRS is not configured, the PL-RS can be determined by the PL-RS for the SRS resource set. Specifically, the PL-RS corresponding to the first TRP is the same as the PL-RS for the SRS resource set indicated by the SRI of the first SRI field, where the SRS resource set includes a SRS resource associated with the PUSCH transmission targeting the first TRP. The PL-RS corresponding to the second TRP is the same as the PL-RS for the SRS resource set indicated by the SRI of the second SRI field, where the SRS resource set includes a SRS resource associated with the PUSCH transmission targeting the second TRP.
Proposal 5: When PUSCH-PathlossReferenceRS is not configured, the PL-RS for each TRP can be determined by the PL-RS for the corresponding SRS resource set.
2.3. CSI report on PUSCH
In RAN1 #104b-e meeting [1], following agreement was achieved on aperiodic CSI report on multi-TRP based PUSCH repetition.

	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).


Based on the existing specifications, when a UE receives a DCI that schedules A-CSI report(s) on single-TRP based PUSCH repetition Type B with no TB, the first nominal repetition is expected to be the same as the first actual repetition. When a UE receives a DCI that schedules A-CSI report(s) on PUSCH with no TB, it is beneficial to transmit A-CSI on two repetitions with different beams to improve the reliability of A-CSI. In detail, for PUSCH repetition Type A and B, when a UE receives a DCI that schedules A-CSI report(s) on multi-TRP based PUSCH repetition with no TB, the number of repetitions is always assumed to be 2, and the A-CSI is transmitted on the first repetition corresponding to the first beam and the first repetition corresponding to the second beam. To be more specific, for PUSCH repetition Type B, both the first nominal repetitions are not expected to be segmented into multiple actual repetitions.
Proposal 6: For multi-TRP based PUSCH repetition Type A and B, when a UE receives a DCI that schedules A-CSI report(s) on PUSCH with no TB, the A-CSI is transmitted on the first repetition corresponding to the first beam and the first repetition corresponding to the second beam.
In Rel-15/16, when the UE is scheduled to transmit a PUSCH repetition with semi-persistent CSI by a CSI request field on a DCI, the SP CSI is only transmitted on the first PUSCH repetition. In Rel-17, for the case of multi-TRP PUSCH repetition, the SP CSI reporting on PUSCH with repetition can benefit from the increased diversity and reliability. Therefore, when a UE receives a DCI that schedules SP CSI report(s) on PUSCH repetition by a CSI request field on a DCI, the SP CSI is transmitted on the first repetition corresponding to the first beam and the first repetition corresponding to the second beam. For PUSCH repetition type B, both the first nominal repetitions are expected to be the same as the corresponding first actual repetition.
Proposal 7: When a UE receives a DCI that schedules SP CSI report(s) on PUSCH repetition by a CSI request field on a DCI, the SP CSI is transmitted on the first repetition corresponding to the first beam and the first repetition corresponding to the second beam.
2.4. Multi-TRP CG PUSCH
In RAN1 #104b-e meeting [1], following agreement was achieved on CG based multi-TRP PUSCH repetition.
	Agreement
For type 1 or type 2 CG based multi-TRP PUSCH repetition, 

· Introduce the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ 

· For type 1 CG based m-TRP PUSCH repetition, introduce the second fields of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers' in 'rrc-ConfiguredUplinkGrant'.

· For type 2 CG based M-TRP PUSCH, two SRIs/TPMIs are indicated via the activating DCI.

· FFS1: UL PT-RS port(s) and DM-RS port(s) for CG type 1

· FFS3: Details on RV mapping. 

· FFS4: Possible transmission occasion for initial transmission

· FFS5: Other TRP specific parameters in 'rrc-ConfiguredUplinkGrant', e.g., 'dmrs-SeqInitialization'.


In the last meeting, it was agreed to further study RV mapping in CG based multi-TRP PUSCH repetition. To provide two RV sequences for the PUSCH repetitions towards two TRPs, following two alternatives can be discussed.
•Alt-1: Introduce a new field indicating the RV offset.
•Alt-2: Introduce a new field indicating the second RV sequence.

For the single-TRP based PUSCH transmission, one of the three RV sequences (i.e. {0,0,0,0}, {0,3,0,3}, {0,2,3,1}) can be configured by the higher layer parameter of repK-RV in the ConfiguredGrantConfig. For CG based multi-TRP PUSCH repetition, two RV sequences can be determined to be applied to two sets of transmission occasions toward two TRPs.
Regarding the Alt-1, by introducing a new field indicating the RV offset, the configured RV sequence (e.g. repK-RV) can be applied to transmission occasions associated to the first TRP and the RV sequence associated to the second TRP is determined by the RV offset from that configured RV sequence. Regarding the Alt-2, by introducing a new field indicating the second RV sequence, the first configured RV sequence (e.g. repK-RV1) can be applied to transmission occasions associated to the first TRP and the second configured RV sequence (e.g. repK-RV2) can be applied to transmission occasions associated to the second TRP. By providing two RV sequences, Alt-2 is more flexible compared with Alt-1. In addition, a unified solution for PUSCH repetition with a type 1 CG and a type 2 CG can be designed.
Proposal 8: For CG based multi-TRP PUSCH repetition, a new field can be introduced to indicate the second RV sequence.
Based on the existing specifications, for the single-TRP based PUSCH transmission, if the higher layer parameter of startingFromRV0 is set to 'off', the initial transmission of a transport block may only start at the first transmission occasion of the repetitions. Since there are two sets of transmission occasions associated with two UL beams respectively, if the initial transmission of a transport block start at the first transmission occasions associated with different UL beams, it can reduce the potential latency.
Therefore, if startingFromRV0 is set to 'off', for all the transmission occasions associated with the first UL beam, the initial transmission of a transport block may only start at the first transmission occasion of all the repetitions associated with the first UL beam (i.e. the first TRP); while for all the transmission occasions associated with the second UL beam, the initial transmission of a transport block may only start at the first transmission occasion of all the repetitions associated with the second UL beam (i.e. the second TRP), as is shown in Figure 1.
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Figure 1: The initial transmission occasions of CG based multi-TRP PUSCH repetition
Proposal 9: For CG based multi-TRP PUSCH repetition, if startingFromRV0 is set to 'off', the initial transmission of a TB may start at the first transmission occasions associated with different UL beams.
For the single-TRP based PUSCH transmission, if startingFromRV0 is set to 'on', the initial transmission of a transport block may start at any of the transmission occasions of the repetitions that are associated with RV=0. Since there are two sets of transmission occasions associated with different UL beams respectively, if the initial transmission of a transport block start at these two sets of transmission occasions that are associated with RV=0, it can reduce the potential latency.
Therefore, if startingFromRV0 is set to 'on', for all the transmission occasions associated with the first UL beam, the initial transmission of a transport block may start at any of transmission occasions of the repetitions that are associated with RV=0. For all the transmission occasions associated with the second UL beam, the initial transmission of a transport block may start at any of transmission occasions of the repetitions that are associated with RV=0. For the cases of CG PUSCH repetition with cyclic beam mapping pattern, an example is shown in Figure 2.
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Figure 2: The initial transmission occasions of CG based multi-TRP PUSCH repetition
Proposal 10: If startingFromRV0 is set to 'on', for each of the two sets of the transmission occasions associated with different UL beams, the initial transmission of a TB may start at any of transmission occasions with RV=0.
If the channel between UE and one of the two TRPs may be blocked, UE only transmits PUSCH to the TRP in good condition. In this case, CG based single-TRP PUSCH repetition is applied. If the channels between UE and the two TRPs are good enough, CG based multi-TRP PUSCH repetition is applied to benefit from the increased diversity and reliability. Therefore, the support of CG based single-TRP PUSCH repetition or CG based multi-TRP PUSCH repetition can be indicated to UE. To indicate single-TRP based PUSCH repetition or multi-TRP based PUSCH repetition, a new field can be introduced in ConfiguredGrantConfig to indicate one of the following three schemes, i.e. CG based single-TRP PUSCH repetition with the first TRP, CG based single-TRP PUSCH repetition with the second TRP and CG based multi-TRP PUSCH repetition.
Proposal 11: For CG based PUSCH repetition, a new field can be introduced in ConfiguredGrantConfig to indicate single-TRP based PUSCH repetition or multi-TRP based PUSCH repetition.
For a CG PUSCH in single-TRP deployment, if the higher layer parameter of rrc-ConfiguredUplinkGrant is not included in ConfiguredGrantConfig, the PL-RS resource index is determined by PUSCH-PathlossReferenceRS-Id, which is mapped to a SRI in a DCI activating the PUSCH transmission. Since there are two SRI fields corresponding to two TRPs respectively, it is preferable to use these two SRIs to indicate the two PL-RS resources. In addition, for a CG type 1 PUSCH repetition or a CG type 2 PUSCH repetition activated by a DCI that does not include an SRI field, the PL-RS for two TRPs can be default. Therefore, for CG based multi-TRP PUSCH repetition, if the higher layer parameter of rrc-ConfiguredUplinkGrant is not included in ConfiguredGrantConfig, the PL-RS resource index for two TRPs should be determined.
Proposal 12: For CG based multi-TRP PUSCH repetition, if the higher layer parameter of rrc-ConfiguredUplinkGrant is not included in ConfiguredGrantConfig, the PL-RS resource index for two TRPs should be determined.
3. Enhancement on PUCCH
3.1. PUCCH spatial relation info
For PUCCH in multi-TRP scenario, PUCCH repetitions are transmitted towards different TRPs and the spatial relation of each PUCCH repetition is configured corresponding to different TRPs. If two spatial relations are activated per PUCCH resource via MAC CE, the PUCCH spatial relation activation MAC CE should be enhanced. For the enhancement of the existing activation MAC CE, two statuses can be activated to indicated the two spatial relations. In addition, a new PUCCH spatial relation activation MAC CE can be designed to support two spatial relations with a single PUCCH resource.
Proposal 13: For the support of two PUCCH spatial relations with a single PUCCH resource, the existing PUCCH spatial relation activation MAC CE can be enhanced.
By using multiple PUCCH resources where different PUCCH resources are transmitted toward different TRPs, the PUCCH resource can be flexibly allocated across PUCCH repetition. The different PUCCH resources can be adapted to different TRP-UE link and avoid collision. In the existing PUCCH spatial relation activation MAC CE, only a single PUCCH resource with the corresponding spatial relation info can be activated/deactivated by the MAC CE. The PUCCH spatial relation activation MAC CE can be enhanced to apply multiple PUCCH resources for PUCCH repetitions. In addition, since a PDCCH transmission can be configured with two TCI states, the default spatial relation for PUCCH transmission in multi-TRP scenario should be determined when the spatial relation of a PUCCH resource is not configured.
Proposal 14: For configuration/activation of multiple PUCCH spatial relation info, multiple PUCCH resources for PUCCH transmission can be supported.
3.2. Intra-slot PUCCH repetition
In RAN1 #104-e meeting [1], following working assumption was achieved on PUCCH transmission scheme.
	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. 


If the multiple PUCCH repetitions of one PUCCH are transmitted in different sub-slots within one slot, the latency can be reduced. For the services that require low feedback latency and high reliability, support of intra-slot repetition in addition to inter-slot repetition is critical. Regarding the two intra-slot PUCCH transmission schemes, the intra-slot beam hopping (Scheme 2) may not be applicable to the short PUCCH formats with a small number of symbols (e.g. format 0, 2). In addition, Scheme 2 may suffer worse performance in the FR2 blockage scenario. Regarding the intra-slot PUCCH transmission schemes, intra-slot PUCCH repetition (Scheme 3) can improve the reliability and robustness in more cases, i.e., we agree to confirm the working assumption.
Proposal 15: For the intra-slot PUCCH transmission schemes, Scheme 3 should be supported.
In Rel-15, a PUCCH transmission in each of the repetitions has a same starting symbol, as provided by high layer parameter startingSymbolIndex in the corresponding PUCCH format. Regarding the starting symbol for inter-slot PUCCH repetitions, the beginning of the slot is used as the reference point. However, for intra-slot PUCCH repetitions, the PUCCH would repeat within one slot. If the multiple sub-slots within a slot is consecutive, it may not have enough time to switch beam for two adjacent repetitions with different beams, especially when the symbol length of sub-slot is 2. Hence, a gab between the two adjacent repetitions is preferable. In detail, for the first repetition of intra-slot PUCCH repetitions, the starting symbol is startingSymbolIndex symbols from the beginning of the slot. Regarding the reference point for the starting symbol of the second and the remaining repetitions, the end of the last repetition can be regarded as the reference point, as is shown in the Figure 3. The starting symbol of the second repetition is M symbols from the end of the first repetition. 
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Figure 3: The starting symbol of each PUCCH repetition
Proposal 16 For the two adjacent repetitions with different beams, a gab between the two adjacent repetitions can be designed to provide more switch time. 
In Rel-15, if two overlapping PUCCHs include a UCI type with the same priority, the transmission priority is determined based on the starting time of these two PUCCHs. When intra-slot PUCCH repetition is introduced, the PUCCH transmission of intra-slot PUCCH repetitions may overlap with other PUCCH. 
If multiple PUCCH transmissions of intra-slot PUCCH repetitions overlap with a same PUCCH in multiple sub-slots and the overlapping PUCCHs include a UCI type with the same priority, as is shown in Figure 4, the transmission priority should be studied. In the multiple overlapping PUCCHs of intra-slot PUCCH repetitions, only the PUCCH with an earlier starting symbol is taken into account when compared with other PUCCH in the starting symbol. The transmission priority of these different PUCCHs is determined based on the starting symbols of the PUCCHs. In detail, the PUCCH starting at an earlier symbol is transmitted and the PUCCH starting at a later symbol is dropped.
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Figure 4: UCI type with same priority

Proposal 17: If multiple PUCCHs of intra-slot PUCCH repetitions overlap with a same PUCCH in multiple sub-slots, only the PUCCH with an earlier starting symbol is taken into account when compared with other PUCCH in the starting symbol.
4. Conclusion
In this contribution, we discuss the issues need to be clarified in Rel-17 NR MIMO. The proposals are summarized below:
Proposal 1: Regarding the dynamic switching between single-TRP and multi-TRP operation, the working assumption should be confirmed and the field with 2 bits can indicated one of the following three schemes, i.e., TRP1, TRP2 and multi-TRP.
Proposal 2: For PHR reporting related to M-TRP PUSCH repetition, Option 4 is preferable.
Proposal 3: To support independent open loop power control for two TRPs, a second open-loop power control parameter set indication field can be added and p0-PUSCH-Set-r16/p0-PUSCH-SetList-r16 can be enhanced to provide two P0 values for two TRPs.
Proposal 4: When two SRI fields are absent in DCI, the default PL-RSs for the two TRPs should be designed.

Proposal 5: When PUSCH-PathlossReferenceRS is not configured, the PL-RS for each TRP can be determined by the PL-RS for the corresponding SRS resource set.
Proposal 6: For multi-TRP based PUSCH repetition Type A and B, when a UE receives a DCI that schedules A-CSI report(s) on PUSCH with no TB, the A-CSI is transmitted on the first repetition corresponding to the first beam and the first repetition corresponding to the second beam.
Proposal 7: When a UE receives a DCI that schedules SP CSI report(s) on PUSCH repetition by a CSI request field on a DCI, the SP CSI is transmitted on the first repetition corresponding to the first beam and the first repetition corresponding to the second beam.

Proposal 8: For CG based multi-TRP PUSCH repetition, a new field can be introduced to indicate the second RV sequence.
Proposal 9: For CG based multi-TRP PUSCH repetition, if startingFromRV0 is set to 'off', the initial transmission of a TB may start at the first transmission occasions associated with different UL beams.
Proposal 10: If startingFromRV0 is set to 'on', for each of the two sets of the transmission occasions associated with different UL beams, the initial transmission of a TB may start at any of transmission occasions with RV=0.
Proposal 11: For CG based PUSCH repetition, a new field can be introduced in ConfiguredGrantConfig to indicate single-TRP based PUSCH repetition or multi-TRP based PUSCH repetition.
Proposal 12: For CG based multi-TRP PUSCH repetition, if the higher layer parameter of rrc-ConfiguredUplinkGrant is not included in ConfiguredGrantConfig, the PL-RS resource index for two TRPs should be determined.
Proposal 13: For the support of two PUCCH spatial relations with a single PUCCH resource, the existing PUCCH spatial relation activation MAC CE can be enhanced.
Proposal 14: For configuration/activation of multiple PUCCH spatial relation info, multiple PUCCH resources for PUCCH transmission can be supported.

Proposal 15: For the intra-slot PUCCH transmission schemes, Scheme 3 should be supported.
Proposal 16 For the two adjacent repetitions with different beams, a gab between the two adjacent repetitions can be designed to provide more switch time. 
Proposal 17: If multiple PUCCHs of intra-slot PUCCH repetitions overlap with a same PUCCH in multiple sub-slots, only the PUCCH with an earlier starting symbol is taken into account when compared with other PUCCH in the starting symbol.
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