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Introduction
As approved in RAN #86, improvement of reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel was identified in the WID on further enhancement of MIMO in Rel-17 [1]: 
Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· 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.
In this contribution, the potential enhancements on PDCCH, PUSCH and PUCCH are discussed.
Enhancements on PDCCH
Linkage between PDCCH candidates
	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


In last meeting, it was agreed to support linking two SS sets by RRC configuration. Whether MAC-CE can be used additionally is FFS. If MAC-CE is used additionally, the linkage of SS sets can be updated dynamically. Correspondingly, resources with better link quality can be selected for PDCCH transmission.
The following two updating methods can be considered. In one method, more than two SS sets are linked by RRC signaling, and MAC-CE can activate two of them to perform PDCCH repetition. When PDCCH repetition is monitored in the two activated SS sets, the other SS sets are not linked with any of them. With this method, gNB can dynamically adjust physical resources used for PDCCH repetition based on channel quality and scheduling. For example, three SS sets are related to two TRPs, and MAC-CE can achieve dynamic switching between single-TRP based PDCCH repetition and multi-TRP based PDCCH repetition. In the other method, gNB can configure two linked SS sets by RRC signaling, and indicate one SS set for single PDCCH transmission in some slots. This method applies to the case that channel quality of one TRP (SS set) is good enough to ensure reliability of PDCCH. Then the resources of the other SS set can be used for other PDCCHs or other users to reduce PDCCH blocking probability. This method also achieves dynamic switching between single-PDCCH transmission and PDCCH repetition. Both methods can increase scheduling flexibility of gNB. Therefore, we propose that MAC-CE can be used additionally to update linkage of SS sets.
Proposal 1: 
· MAC-CE can be used additionally to update linkage of SS sets. The following updating methods can be considered,
· More than two SS sets are linked by RRC signaling, and MAC-CE can activate/update two of them to perform PDCCH repetition.
· Two SS sets are linked by RRC signaling, and MAC-CE can activate/update one of them to perform single PDCCH transmission.
For intra-slot PDCCH repetition, it was agreed that 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. If a UE is configured with per span PDCCH monitoring (r16monitoringcapability), n-th monitoring occasions of two SS sets may be located in different spans. Whether to support this case should be discussed. If this case is not allowed, gNB should always configure two linked monitoring occasions in one span. However, spans are divided based on all monitored SS sets and each slot may have its own division method, it is hard to ensure that two linked monitoring occasions are always in one span. The special case is that monitoring occasions in two linked SS sets are exactly the same, which will restrict scheduling flexibility of gNB. Therefore, we prefer to support the case that n-th monitoring occasions of two SS sets can be located in different spans, i.e. inter-span repetition.
If inter-span PDCCH repetition is supported, inter-slot repetition can also be supported to reduce PDCCH blocking probability. Both repetition methods have similar solutions for BD limit and overbooking.
Observation: 
· Agreed monitoring occasion linking method may lead to inter-span PDCCH repetition.
Proposal 2: 
· Inter-span PDCCH repetition can be supported.
Proposal 3: 
· Inter-slot PDCCH repetition can be supported.
BD limit and overbooking
	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



In last meeting, five options related to the number of BDs are agreed for further down-selection. In option 1, UE needs to report one or more numbers as required number of BDs for the two PDCCH candidates, but decoding assumption(s) is not needed. In option 2, UE reports whether it supports soft-combining or not. If soft-combining is supported, one or more numbers as required number of BDs still needs to be reported (similar to option 1). In option 3, UE reports one or more decoding assumptions, while the number of BDs for the supported decoding assumption(s) can be predefined. In these three options, UE capability (decoding assumption(s) and/or the number of required BDs) is required to report. In option 4 and option 5, the number of BDs for the two PDCCH candidates is predefined in the specification, and UE capability is not required to report.
In this section, decoding assumptions and the number of required BDs will be discussed separately. Note that whether to support UE capability (decoding assumption(s) and/or the number of required BDs) reporting is another issue. 
Among these decoding assumptions, Assumption 1 is related to soft-combining, and it can be supported due to good decoding performance. Assumption 2 is corresponding to independent decoding, which is a commonly used decoding assumption in Rel-15 and Rel-16. Simulation results in Fig. 1 and Fig. 2 show that independent decoding achieves similar performance to soft combining (Assumption 1) in FR2 with blockage. Therefore, Assumption 2 can also be supported. In Assumption 3 and 4, more advanced decoding algorithms (e.g., decoding the first PDCCH candidate and the combined candidate, or decoding each PDCCH candidate individually and also decoding the combined candidate) and higher complexity are needed. Considering that Assumption 3 and 4 achieve lower BLER bound of Assumption 1 and 2 which have similar performance in FR2 with blockage, there is no need to consider Assumption 3 and 4 explicitly (e.g., report Assumption 3/4 as decoding assumptions or report/ assume more than 2 BDs for the two PDCCH candidates). If UE has large decoding capability, it can perform Assumption 3 or 4 by UE implementation.
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Figure 1 BLER, AL=4, CDL with blockage                     Figure 2 BLER, AL=8, CDL with blockage
The number of required BDs needs to be defined for Assumption 1 and 2. Obviously, 2 BDs are required for Assumption 2. For Assumption 1, candidate values are 2 BDs, and a value between 1 and 2 BDs. From the complexity point of view, the required number of BDs in Assumption 1 shall be fewer than that in Assumption 2. Therefore, a value between 1 and 2 BDs is more reasonable. Among these options, option 3 is preferred and only Assumption 1 and 2 can be further considered.
Proposal 4: 
· For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, option 3 is supported. 
· Assumption 1 and 2 can be further considered.
· For Assumption 1, Alt 2 is preferred, i.e. the required number of BDs is a value between 1 and 2 BDs.
According to Rel-15 overbooking rule, there is a possibility that one PDCCH candidate can be monitored and the linked PDCCH candidate (e.g., in a SS set with higher index) cannot be monitored. This case is not expected by UE, especially when soft-combining is performed. Therefore, overbooking rule should be enhanced for PDCCH repetition to ensure that two linked PDCCH candidates can be monitored together. For example, two linked PDCCH candidates can be treated as one unit to judge whether this unit can be monitored or not. The unit can be two linked SS sets, two linked monitoring occasions, two linked aggregation levels, or even just two linked PDCCH candidates. In Rel-15, one SS set is a unit, and SS sets with lower indices can be monitored. If two linked SS sets are treated as a unit, there is a large possibility that both two SS sets cannot be monitored due to the large number of PDCCH candidates (twice as many as before). Therefore, the unit can be smaller than two SS sets. Two linked monitoring occasions, two linked aggregation levels, or two linked PDCCH candidates can be considered as the unit.
Proposal 5: 
· Two linked PDCCH candidates can be treated as one unit to judge whether this unit can be monitored or not. 
· Besides, the unit can be two linked monitoring occasions, two linked aggregation levels, or two linked PDCCH candidates.
Issues in PDCCH repetition
	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.

Agreement
For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:
· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.
· To extend the definition of in-order for PDCCH-PDSCH and PDCCH-PUSCH, i.e. PDCCH ending symbol is the last symbol of the reference PDCCH candidate in at least the following restrictions in 38.214. 
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.
· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.
· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.

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.



In last meeting, several issues in PDCCH repetition were discussed or identified, including overlapping of PDCCH candidates, implicit PUCCH resource determination for >8 PUCCH resources in the resource set, slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS in inter-slot PDCCH repetition, starting symbol for PDSCH mapping type B as well as reference symbol for SLIV, determination of PDSCH beam when TCI field is not present in DCI,  whether PDCCH repetition can be applied to the scenario of multi-DCI based multi-TRP and single-TRP. In this section, these issues will be discussed.
With regard to overlapping of linked PDCCH candidates, two options were discussed in last meeting. One option is that UE does not expect the linked PDCCH candidates to be overlapping in resources. The second option is that UE is not required to decode the linked PDCCH candidates if they are overlapping in resources. It was also clarified that overlapping in resources is for the two PDCCH candidates that are linked, and not the resources of their SS sets overall, or resources of another individual candidate / SS set. The main difference between these two options is whether overlapping of linked PDCCH candidates is an error case or not. If two CORESETs don’t overlap in frequency, two linked PDCCH candidates will not overlap. If two CORESETs overlap in frequency, it is hard to guarantee that there is no overlapping in every slot unless dynamic signaling is allowed to update the linkage of SS sets (as shown in section 2.1). Therefore, the second option is slightly preferred.
Proposal 6: 
· UE is not required to decode the linked PDCCH candidates if they are overlapping in resources.
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 are applied. As for one of the linked PDCCH candidates, two options were agreed in last meeting for further down-selection. In option 1, the PDCCH candidate with the lowest CORESET ID is used to determine PUCCH resource. In option 2, the PDCCH candidate with the lowest SS set ID is used to determine PUCCH resource. If two PDCCH candidates are in different SS sets and different CORESETs, both two options can be applied. If single-TRP based PDCCH repetition is supported, both two PDCCH candidates might be transmitted in one CORESET. In this case, option 1 cannot be applied since both PDCCH candidates have the same CORESET ID. It is unclear which PDCCH candidate is the reference PDCCH candidate. However, option 2 can always be used to differentiate two PDCCH candidates. Therefore, option 2 is preferred. 
Proposal 7:
· For PUCCH resource determination when the corresponding PUCCH resource set has a size larger than eight, option 2 (i.e. the one with the lowest SS set ID is applied) is preferred.
In inter-slot PDCCH repetition, gNB transmits DCI repeatedly in two slots to schedule the same PDSCH/PUSCH/ CSI-RS/SRS. Fig. 3 takes PDSCH scheduling as an example. In this figure, gNB transmits DCI repeatedly in slot n and slot n+1 to schedule PDSCH in slot n+2. If the signaling contents in two DCIs are exactly the same (e.g., K0=1), UE may think two PDSCHs are transmitted in two slots (slot n+1 and slot n+2) respectively. To avoid ambiguity, a straightforward method is that K0=2 and K0=1 are carried by DCIs in slot n and slot n+1, respectively (i.e. option 3, multi-chance scheme). Besides, the slot of a reference PDCCH candidate can be used as the reference slot to determine slot offset. Similar to scheduling offset agreed in last meeting, the reference PDCCH candidate can be defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain.


Figure 3 PDSCH scheduling with inter-slot PDCCH repetition
Proposal 8: 
· To solve slot offset issue for scheduling the same PDSCH/PUSCH/CSI-RS/SRS in inter-slot repetition, the following alternatives can be considered,
· Alt 1: Support Option 3 (multi-chance) to ensure two DCIs schedule the same PDSCH/PUSCH/CSI-RS/SRS.
· Alt 2: The slot of a reference PDCCH candidate can be used as the reference slot to determine slot offset.
· The reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain.
When ReferenceofSLIV-ForDCIFormat1_2 is configured, reference symbol for SLIV is the PDCCH monitoring occasion where DCI format 1_2 is detected. Fig. 4 shows an example where PDCCH repetition is performed. In this figure, gNB transmits DCI repeatedly in symbol 3 and symbol 4 to schedule PDSCH starting from symbol 6 in the same slot. If the signaling contents in two DCIs are exactly the same (e.g., S=2), UE may think two PDSCHs are transmitted starting from two symbols (symbol 5 and symbol 6) respectively. To avoid ambiguity, a straightforward method is that S=3 and S=2 are carried by DCIs in symbol 3 and symbol 4, respectively (i.e. option 3, multi-chance scheme). Besides, the starting symbol (first symbol) of a reference PDCCH candidate can be used as the reference symbol to determine starting symbol of PDSCH. Similar to slot offset in inter-slot PDCCH repetition, the reference PDCCH candidate can be defined as the PDCCH candidate that ends later in time among the two linked PDCCH candidates in the time domain.


Figure 4 PDSCH mapping type B scheduled by intra-slot PDCCH repetition
Proposal 9: 
· To solve reference symbol for SLIV when ReferenceofSLIV-ForDCIFormat1_2 is configured in PDCCH repetition, the following alternatives can be considered,
· Alt 1: Support Option 3 (multi-chance) to ensure that two DCIs indicate the same starting symbol of PDSCH.
· Alt 2: The starting symbol of a reference PDCCH candidate can be used as the reference symbol to determine SLIV.
· The reference PDCCH candidate can be defined as the PDCCH candidate that ends later in time among the two linked PDCCH candidates in the time domain.
In Rel-15, if TCI field is not present in DCI, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell. Fig. 5 shows an example where PDCCH repetition is performed. In this figure, PDSCH is scheduled by PDCCH1 and PDCCH2. There is a case that two PDCCHs are transmitted in two different CORESETs. In this case, the CORESET used for PDCCH transmission is unclear to UE. To avoid ambiguity, a reference PDCCH candidate can be defined for UE to determine a proper CORESET. For example, the PDCCH candidate with lowest CORESET ID can be used as the reference PDCCH candidate. In some scenarios, in order to improve reliability for URLLC traffic, PDSCH can also be transmitted by two TRPs. Therefore, both PDCCH candidates can be used as the reference PDCCH candidates, and two TCI states of two CORESETs can be assumed for PDSCH.


Figure 5 PDSCH scheduled by DCI without TCI field
Proposal 10: 
· For Determination of PDSCH beam when TCI field is not present in DCI, the following reference PDCCH candidate(s) can be considered,
· Alt 1: The PDCCH candidate with the lowest CORESET ID.
· Alt 2: Both linked PDCCH candidates.
Another open issue is whether PDCCH repetition can be used with multi-DCI based multi-TRP. Although multi-DCI framework is tailored for non-ideal backhaul, it can also be applied to ideal backhaul scenario if necessary. Similarly, multi-DCI framework should also be applied to ideal backhaul scenario with PDCCH repetition. Actually, it would be better if these two features can be combined. The number of CORESETs can be larger than 3 to ensure that PDCCHs from two TRPs can be transmitted by two CORESETs. Besides, overbooking rule in Rel-16 with multi-DCI framework can be reused for two TRPs. Therefore, we propose that PDCCH repetition can be used with multi-DCI based multi-TRP.
In multi-DCI framework in Rel-16, two PDCCHs may schedule two PDSCHs. If PDCCH repetition is used, how many or how PDSCHs can be scheduled by two same PDCCHs should be clarified. For this issue, there might be three understandings,
· Understanding 1: One PDSCH with one TCI state can be scheduled.
· Understanding 2: Two same PDSCHs with one or two TCI states can be scheduled.
· Understanding 3: Two different PDSCHs with one or two TCI states can be scheduled.
With regard to understanding 3, it is aligned with multi-DCI framework, but it is hard to be implemented with PDCCH repetition. Besides, the motivation to perform this method is unclear. Therefore, understanding 3 can be precluded. Understanding 1 is against the framework of multi-DCI where two PDSCHs can be scheduled, but it is aligned with the operation in PDCCH repetition (i.e. one PDSCH is scheduled by two PDCCHs). Understanding 2 is aligned with multi-DCI framework. However, compared with PDCCH repetition, PDSCH transmission is also enhanced. For example, two repeated PDSCHs can be scheduled by each PDCCH (TRP), and two PDSCHs can be TDM, FDM or SFN which may depend on the position of PDCCHs. This method can increase reliability of URLLC traffic, which achieves similar goal to PDCCH repetition. In our opinion, the methods in both understanding 1 and understanding 2 can be further considered.
In multi-DCI based multi-TRP, scrambling sequence of PDSCH depends on the CORESET schedules PDSCH. If one PDSCH is scheduled, a reference PDCCH candidate (e.g., the one with the lowest CORESET ID) or a reference scrambling identity (dataScramblingIdentityPDSCH or dataScramblingIdentityPDSCH2) can be defined to avoid ambiguity. If two same PDSCHs are scheduled, it is expected that scrambling sequences of these two PDSCHs are the same. Therefore, a reference scrambling identity or a reference PDCCH candidate can also be defined.
In CRS rate matching, two CRS patterns can be configured if the UE is also configured with crs-RateMatch-PerCoresetPoolIndex. If one PDSCH is scheduled, a reference PDCCH candidate (e.g., the one with the lowest CORESET ID) or a reference CRS pattern (lte-CRS-PatternList1-r16 or lte-CRS-PatternList2-r16) can be defined to avoid ambiguity. If two PDSCHs are scheduled, there is no ambiguity.
In multi-DCI based multi-TRP, HARQ-ACK of two PDSCHs can be reported jointly or separately. If PDCCH repetition is performed, one PDSCH or two same PDSCHs can be scheduled. There is no need to report more than one HARQ-ACK. A simple fix is that UE does not expect to be configured with parameter ackNackFeedbackMode. If one PDSCH is scheduled, UE behavior is the same as that in PDCCH repetition with single-DCI framework. If two same PDSCHs are scheduled, HARQ-ACK feedback can refer to HARQ-ACK feedback in PDSCH repetition.
Proposal 11: 
· PDCCH repetition can be used with multi-DCI based multi-TRP. In this case, the following methods can be considered for PDSCH transmission:
· Two PDCCHs schedule one PDSCH with one TCI state.
· Two PDCCHs schedule two same PDSCHs with one or two TCI states.
Proposal 12:
·  For PDSCH scrambling, a reference PDCCH candidate (the one with the lowest CORESET ID) or a reference scrambling identity can be defined to avoid ambiguity.
Proposal 13: 
· For CRS rate matching,
· If one PDSCH is scheduled, a reference PDCCH candidate (the one with the lowest CORESET ID) or a reference CRS pattern can be defined to avoid ambiguity.
· If  two same PDSCHs are scheduled, there is no ambiguity.
Proposal 14: 
· For HARQ-ACK feedback in PDCCH repetition with multi-DCI framework, UE does not expect to be configured with parameter ackNackFeedbackMode.
The last issue is whether single-TRP PDCCH repetition can be supported by reusing the agreed PDCCH repetition framework. In multi-TRP PDCCH repetition, two PDCCHs are transmitted in two SS sets which are associated with two CORESETs or two TRPs. In single-TRP PDCCH repetition, with the same framework, two PDCCHs can also be transmitted in two CORESETs. Note that transmitting two PDCCHs in one CORESET is not within the agreed framework. Compared with multi-TRP PDCCH repetition, although less performance gain is expected, this feature can at least be supported transparently to increase scheduling flexibility of the network. If higher layer parameter CORESETPoolIndex is not provided (i.e. Rel-16 single-DCI framework is assumed), UE will not know the association between CORESETs and TRPs. Therefore, this feature can be supported transparently. If PDCCH repetition is used with multi-DCI framework (CORESETPoolIndex is provided), PDSCH scrambling and CRS rate matching might not be issues (i.e. different from multi-TRP PDCCH repetition). In this case, single-TRP PDCCH repetition cannot be supported transparently. Therefore, whether/how to support single-TRP PDCCH repetition can be for further study.
Proposal 15: 
· Single-TRP PDCCH repetition can be supported by reusing the agreed framework.
· If PDCCH repetition can be used with multi-DCI based multi-TRP, whether/how to support single-TRP PDCCH repetition is for further study.
Enhancements on PUCCH
Maximum repetition number
	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). 


According to the agreements in last meeting, for M-TRP PUCCH transmission, each TRP is expected to be associated with half of the repetition numbers.  In Rel-16, the maximum repetition number for PUCCH formats 1/3/4 is 8 and repetition for PUCCH format 0/2 is not supported. Since the motivation of M-TRP PUCCH transmission is to improve reliability and robustness, the maximum repetition number for each TRP is expected to be no less than that for Rel-16, i.e. repetition number of 16 for PUCCH format 1/3/4 and 1 for PUCCH format 0/2 should be supported. PUCCH format 0 and 2 are mainly designed for scenarios with low latency, so they are not expected to have large repetition numbers. Therefore, more than 2 repetitions for PUCCH format 0 and 2 are not preferred. 
Proposal 16: 
· For the repetition number of M-TRP PUCCH scheme 1, 
· 16 is supported for PUCCH format 1/3/4.
Power control and switching of S-TRP/M-TRP transmission
	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)
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.
Working assumption
For beam mapping /power control parameter set mapping for PUCCH repetitions,
· 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).
· 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 set mapping to sub-slots.
· This working assumption is also subjected to the RAN4 LS R1-2009807 and confirmed based on the RAN4 reply. 


[bookmark: _Hlk67867916][bookmark: _Hlk67866931]For a S-TRP PUCCH transmission, if a UE is provided with PUCCH-SpatialRelationInfo, the UE determines P0 and pathloss RS through the linkage between PUCCH-SpatialRelationInfo and P0 and the linkage between PUCCH-SpatialRelationInfo and pathloss RS, respectively; if the UE is not provided with PUCCH-SpatialRelationInfo, UE determines pathloss RS according to PUCCH-PathlossReferenceRS with index 0, if PUCCH-PathlossReferenceRS is provided, and determines P0 according to the P0-PUCCH with minimum index for the PUCCH. For M-TRP PUCCH transmission, it was agreed in last meeting that a PUCCH resource can be activated with one or two spatial-relation-info if PUCCH-SpatialRelationInfo is provided; for FR 1, 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. 
For the details on how a PUCCH resource is linked to one or both of the two sets of power control parameters in FR 1, there are several candidate solutions: 
· Alt 1: Two sets of power control parameters are RRC configured, a PUCCH resource is configured to be associated with one or two sets of power control parameters by RRC.
· Alt 2: Two sets of power control parameters are RRC configured, a PUCCH resource is activated to be associated with one or two sets of power control parameters by a newly introduced MAC-CE signaling,
· The pathloss RS of a power control parameters set is the PUCCH-PathlossReferenceRS with minimum index value in the set, P0 of a set is P0-PUCCH with minimum index in the set, the close-loop index of a set is explicitly indicated.
· Alt 3: Using the same RRC/MAC-CE mechanism as FR 2 to indicate the power control parameters for a PUCCH resource (i.e. PUCCH-SpatialRelationInfo is used to indicate the power control parameters of FR1) except that an indication to disable referenceSignal in PUCCH-SpatialRelationInfo is added. 
· Alt 4: Two sets of power control parameters are RRC configured, and DCI indicates whether the transmission of the PUCCH resource is associated to one set of power control parameters or 2 sets of power control parameters.
For Alt 1, a PUCCH resource is RRC configured to be S-TRP transmission or M-TRP transmission. If the maximum number of PUCCH resource is not enhanced in Rel-17, it restricts the number of PUCCH resource that can be configured for S-TRP transmission. 
Both Alt 2 and Alt 3 can achieve MAC-CE-based switching between S-TRP transmission and M-TRP transmission for a PUCCH resource. For Alt 2, a PUCCH configured with 2 sets of power control parameters can be activated by  1 bit in MAC-CE to indicate whether the PUCCH resource is associated to one set or two sets, or by 2 bits in MAC-CE to indicate which set(s) the PUCCH resource is associated to. According to TS 38.321, a bit sequence with 6/8bits is used to indicate the Spatial Relation Info ID that the PUCCH resource is associated to. Therefore for Alt 3,at least 6/8 bits are needed on indicating Spatial Relation Info ID that the PUCCH resource is associated to. In order to disable  referenceSignal in PUCCH-SpatialRelationInfo, a new type of “null” can be added for referenceSignal, or one bit in MAC-CE is used to disable the referenceSignal in PUCCH-SpatialRelationInfo. Compared to Alt 2, Alt 3 has less RAN1 spec impact but requires higher MAC-CE overhead. 
Alt 4 can realize dynamic switching of S-TRP or M-TRP but may increase the overhead of DCI.
Considering the maximum number of PUCCH available for S-TRP and the overhead of DCI, Alt 2 and Alt 3 are more preferred than Alt 1 and Alt 4. 
Proposal 17: 
· One of the following solutions is supported to indicate power control parameter for PUCCH in FR 1:
· Option 1: Two sets of power control parameters are RRC configured, a PUCCH resource is configured/activated to be associated with one or two sets of power control parameters by RRC/MAC-CE,
· The pathloss RS of a power control parameters set is the PUCCH-PathlossReferenceRS with minimum index value in the set, P0 of a set is P0-PUCCH with minimum index of the set, the close-loop index of a set is explicitly indicated.
· Option 2: PUCCH-SpatialRelationInfo is used to indicate the power control parameters for both FR1 and FR2, wherein the referenceSignal in PUCCH-SpatialRelationInfo can be disabled for FR1. 
In last meeting, it was agreed to select one out of the following solutions to support per TRP closed-loop power control for PUCCH:
· 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 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.
Option 1 is not preferred since it can’t realize TRP-specific TPC adjustment. 
For option 2, only one PUCCH beam adjusts its power according to TPC command at one time. The TPC value of two PUCCH beams can be adjusted by indicating TPC command for each beam alternately. So the convergence rate of beam power of option 2 is slower than option 3 and option 4. However, option 2 has smaller overhead than option 3 and option 4 since only one TPC value is indicated. When a PUCCH resource is associated with two beams, which beam adjusts its power according to the TPC field can be indicated by adding 1 bit in appended to current 2 bits of TPC field or be determined by some predefined rules. If a PUCCH resource is associated with one beam, the beam indication can be omitted. 
Since four TPC values can be indicated to one beam, the overhead of TPC field is the same for option 3 and option 4, i.e. 2 additional bits compared to Rel-16 is needed. Option 2 is slightly preferred since it has less DCI overhead.
Proposal 18: 
· For per TRP close-loop power control for PUCCH, 
· Option 2, option 3 or option 4 is supported. 
Beam mapping and frequency hopping
	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
Working assumption
For beam mapping /power control parameter set mapping for PUCCH repetitions,
· 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).
· 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 set mapping to sub-slots.
· This working assumption is also subjected to the RAN4 LS R1-2009807 and confirmed based on the RAN4 reply. 
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-16, if a PUCCH repetition can’t be transmitted due to invalid UL symbols, the PUCCH repetition would be delayed or dropped. In our view, for each PUCCH repetition, same delaying and dropping rule as that in Rel-16 can used. 
For beam mapping of Rel-17 M-TRP PUCCH, the following two candidate solutions can be considered:
- Alt 1: Slot/sub-slot based beam mapping;
- Alt 2: Repetition index based beam mapping.
Alt 1 means that beam mapping is associated to the index of slot/sub-slot. Take a scheme 1 based PUCCH resource with cyclical beam mapping as an example, for alt 1, odd slots would be associated to a beam and even slots would be associated to the other beam. For alt 2, beam mapping is based on the repetition index. Then for cyclical beam mapping, PUCCH repetitions with odd indexes would be associated to a beam and PUCCH repetitions with even indexes would be associated to the other beam. Fig. 6 shows the comparison of the two alternatives for a scheme 1 PUCCH resource with cyclical beam mapping and 8 repetitions. In the figure, we assume the PUCCH resource is activated to be started at slot n. We also assume that slot n+1 and slot n+5 are slots without enough valid UL symbols for a PUCCH repetition. According to current specs, a slot without enough valid UL symbol is not be counted for PUCCH repetition. Hence slot n+1 and slot n+5 are not counted for PUCCH repetition. It can be seen from the figure that more PUCCH repetitions are associated to beam 1 in Alt 1, and the same number of PUCCH repetitions are associated to the two beams. For better balance on the number of repetitions for each beam, Alt 2 is preferred.
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Figure 6 Comparison of different beam mapping schemes for cyclical beam mapping
Proposal 19: 
· For M-TRP PUCCH, repetition index based beam mapping is supported.
[image: ]
Figure 7 Comparison of different frequency hopping schemes for inter-slot PUCCH repetition
There are two alternatives for frequency hopping of M-TRP PUCCH transmission:
· [bookmark: _Hlk68386483]Alt 1: frequency hopping is performed among the repetitions with the same beam. 
· Alt 2: frequency hopping is performed among all repetitions (as in Rel-15).
Fig. 7 shows the comparison of different frequency hopping schemes for inter-slot PUCCH repetition. In the figure, a PUCCH resource with 4 repetitions is considered. It can be seen from figure that 
· For sequential beam mapping, Alt 1 is equivalent to Alt 2.
· For cyclical beam mapping, 
· Both Alt 1 and Alt 2 can achieve frequency hopping. 
· With cyclic mapping, Alt 2 achieves frequency hopping one slot earlier than Alt 1.  
· Frequency hopping inner a beam is supported by Alt 1 and is not supported by Alt 2.
Note that although frequency hopping can be achieved for all schemes in Fig. 7, if the repetition number is 2, frequency hopping can’t be achieved by cyclical beam mapping + Alt 1. Therefore, if the repetition number is 2, Alt 2 should be supported. When the repetition number is larger than 2, supporting frequency hopping for each TRP is preferred, i.e. Alt 1 is supported for cyclical beam mapping when the repetition number is 4.
Proposal 20: 
· For frequency hopping of M-TRP PUCCH transmission, the following scheme is supported:
· When the repetition number of a PUCCH resource is 2, frequency hopping is performed among all repetitions;
· When the repetition number of a PUCCH resource is larger than 2, frequency hopping is performed among the repetitions with the same beam.
Enhancements on PUSCH
Dynamic switching of S-TRP/M-TRP transmission and SRI/TPMI indication
[bookmark: _Hlk68476028]Codebook based PUSCH
For codebook based M-TRP PUSCH transmission, the following agreements were achieved in last meeting: 
	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
· [bookmark: _Hlk68465819]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


Besides, it was agreed in RAN 1 #103 meeting that the number of SRS ports for all PUSCH transmissions towards two TRPs are same. 
For SRI fields for codebook based M-TRP PUSCH transmission, the following alternatives can be considered:
- Alt 0: SRI field is not used for dynamic switching of M-TRP and S-TRP, both SRI fields are the same as that for Rel-16.
- Alt 1: SRI field is used for dynamic switching of M-TRP and S-TRP with both SRI fields are enhanced.
· The association of SRI field and TRP is fixed, i.e. the SRI index indicated by the first SRI field is always for the SRS resource set associated with the first TRP and the SRI index indicated by the second SRI field is always for the SRS resource set associated with the second TRP;
· In additional to the states for SRI index indication, one state in each SRI field is used to indicate that the PUSCH is not transmitted to the TRP corresponding to the SRI field.
- Alt 2: SRI field is used for dynamic switching of M-TRP and S-TRP with the first SRI filed the same as that for Rel-16, and the second SRI field used to indicate which TRP the PUSCH is transmitted to.
· Alt 2-1: The association of SRI field and TRP is fixed; the second SRI field is used to indicate the SRI index for the second TRP and which TRP(s) the PUSCH is transmitted to.
· Alt 2-2: The first SRI field is used to indicate the SRI index associated to a TRP. In additional to the states for SRI index indication, two states in the second SRI field are used to indicate S-TRP transmission and the TRP that the first SRI field is associated to.
For the cases with reserved state in the SRI field in Rel-16, each SRI field for Alt 1 has same bitwidth as that for Rel-16; For the cases without reserved state in the SRI field in Rel-16, each SRI field for Alt 1 requires one more bit than that for Rel-16.
For Alt 2-1, the bitwidth of the first SRI field is the same as that for Rel-16. For the second SRI field, if there are N candidate SRI index indication for a TRP, 2N+1 states are needed for the second SRI field, with N sates on indicating M-TRP transmission and SRI index for the second TRP, N sates on indicating S-TRP transmission to the second TRP and SRI index for the second TRP, one state on indicating S-TRP transmission to the first TRP. When there is only one SRS resource for each SRS resource set, 3 states are needed for the second SRI field on indicating which TRP(s) the PUSCH is transmitted to.
For Alt 2-2, the bitwidth of the first SRI field is the same as that for Rel-16. For the second SRI field, if there are N candidate SRI index indication for a TRP, N+2 states are needed for the second SRI field, with N states on indicating M-TRP transmission and SRI index for the second TRP, one state on indicating S-TRP transmission to the first TRP, and one state on indicating S-TRP transmission to the second TRP. When there is only one SRS resource for each SRS resource set, 3 states are needed for the second SRI field on indicating which TRP(s) the PUSCH is transmitted to, i.e. 2 bits are needed.
In Rel-16, up to 4 SRS resources can be configured in an SRS resource set for codebook based PUSCH transmission. Table 1 shows the number of bits and the number of reserved states for the Rel-16 SRI filed under different number of SRS resources in the SRS resource set. It can be seen from the table that only when NSRS = 3 is configure, there is one reserved state; for other values of NSRS, there is no reserved state. It means that there is no reserved state for most cased. Table 2 shows the total number of bits for the two SRI fields for the provided alternatives. It can be seen from the table that if SRI field is used for dynamic switching of M-TRP and S-TRP, at least 1 more bit is needed.
Table 1 The number of bits and the number of reserved states for the Rel-16 SRI field
	-
	Number of SRS resources (NSRS)

	
	NSRS=1
	NSRS=2
	NSRS=3
	NSRS=4

	Bitwidth/bits
	0
	1
	2
	2

	Number of reserved bits
	-
	0
	1
	0



Table 2 Number of bits that needed for each alternative
	-
	Number of SRS resources (NSRS)

	
	NSRS=1
	NSRS=2
	NSRS=3
	NSRS=4

	Alt 0
	0
	2
	4
	4

	Alt 1
	2
	4
	4
	6

	Alt 2-1
	2
	4
	5
	6

	Alt 2-2
	2
	3
	5
	5


For TPMI fields for codebook based M-TRP PUSCH transmission, the second field does not indicate the transmission layers of the PUSCH, the following alternatives can be considered:
- Alt 0: TPMI field is not used for dynamic switching of M-TRP and S-TRP, the first TPMI fields is the same as that for Rel-16, the second TPMI field only indicate the TPMI index.
- Alt 1: TPMI field is used for dynamic switching of M-TRP and S-TRP with the first TPMI filed the same as that for Rel-16, and the second TPMI field used to indicate which TRP the PUSCH is transmitted to.
· Alt 1-1: The association of TPMI field and TRP is fixed; the second TPMI field is used to indicate the TPMI index for the second TRP and which TRP(s) the PUSCH is transmitted to.
· Alt 1-2: The first TPMI field is used to indicate the TPMI index associated to a TRP. In additional to the states for TPMI index indication, two states in the second TPMI field are used to indicate S-TRP transmission and the TRP that the first SRI field is associated to.
Similar as the alternatives for the second SRI field for dynamic switching of M-TRP and S-TRP, if N TPMI index indications under the number of the layer indicated by the first TPMI filed is needed for the second TPMI field, 2N+1 states are needed for the second TPMI filed for Alt 1-1 and N+2 states are needed for the second TPMI filed for Alt 1-2. 
Table 3 shows the number of bits and the number of reserved states for the Rel-16 TPMI filed under different conditions. Table 4 shows the number of the bits for the second TPMI field under a maximum layer for codebook based PUSCH for different alternatives. In Table 3 and Table 4, PUSCH transmission with different full power modes have been considered, Nport represents the maximum number of antenna ports for the PUSCH transmission. It is obvious that:
For the number of the bits for the second TPMI field,
- For Alt 1-1, at least one more bit is needed compared to Alt 0;
- For Alt 1-2, at most one more bit is needed compared to Alt 0; except for the highlighted cases, the number of bits of the second TPMI field is the same as that for Alt 0.
Table 3 Number of TPMI index indications for a given layer number for codebook based PUSCH
	PUSCH transmission mode
	layer number
	codebook subset
	Nport=1
	Nport=2
	Nport=4

	PUSCH transmission configured with fullpowerMode2, or fullpower, or ul-FullPowerTransmission is not configured
	L=1
	NC-CBS
	0
	2
	4

	
	
	PC-CBS
	-
	-
	12

	
	
	FC-CBS
	0
	6
	28

	
	L=2
	NC-CBS
	0
	1
	6

	
	
	PC-CBS
	-
	-
	14

	
	
	FC-CBS
	0
	3
	22

	
	L=3
	NC-CBS
	-
	-
	1

	
	
	PC-CBS
	-
	-
	3

	
	
	FC-CBS
	-
	-
	7

	
	L=4
	NC-CBS
	-
	-
	1

	
	
	PC-CBS
	-
	-
	3

	
	
	FC-CBS
	-
	-
	5

	PUSCH transmission with ul-FullPowerTransmission configured to be fullpowerMode1
	L=1
	NC-CBS
	0
	3
	5

	
	
	PC-CBS
	-
	-
	16

	
	L=2
	NC-CBS
	0
	1
	7

	
	
	PC-CBS
	-
	-
	14

	
	L=3
	NC-CBS
	-
	-
	2

	
	
	PC-CBS
	-
	-
	3

	
	L=4
	NC-CBS
	-
	-
	1

	
	
	PC-CBS
	-
	-
	3



Table 4 Number of bits for the second TPMI field for a maximum layer for codebook based PUSCH
[image: ]
According to the comparison of Table 2 and Table 4, in order to have minimum DCI overhead, TPMI field used for dynamic switching of M-TRP and S-TRP is preferred.
Proposal 21: 
· For codebook based M-TRP PUSCH transmission, the second TPMI field is used for dynamic switching of S-TRP/M-TRP transmission.
Non-codebook based PUSCH
For non-codebook based M-TRP PUSCH transmission, the following agreements were achieved in last meeting:
	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


The SRI field(s) for non-codebook based PUSCH transmission can be considered for dynamic switching between M-TRP and S-TRP operation.
For indication of dynamic switching between M-TRP and S-TRP operation for non-codebook based M-TRP PUSCH transmission, the following alternatives can be considered:
- Alt 0: A dedicated DCI filed is used to indicate dynamic switching of M-TRP and S-TRP and which TRP the PUSCH is transmitted to.
- Alt 1: SRI field is used for dynamic switching of M-TRP and S-TRP with both SRI fields are enhanced.
· The association of SRI field and TRP is fixed, i.e. the SRI index indicated by the first SRI field is always for the SRS resource set associated with the first TRP and the SRI index indicated by the second SRI field is always for the SRS resource set associated with the second TRP;
· In additional to the states for SRI index indication, one state in each SRI fields is used to indicate that the PUSCH is not transmitted to the TRP corresponding to the SRI field.
- Alt 2: SRI field is used for dynamic switching of M-TRP and S-TRP with the first SRI filed the same as that for Rel-16, and the second SRI field used to indicate which TRP the PUSCH is transmitted to.
· Alt 2-1: The association of SRI field and TRP is fixed; the second SRI field is used to indicate the SRI index for the second TRP and which TRP(s) the PUSCH is transmitted to.
· Alt 2-2: The first SRI field is used to indicate the SRI index associated to a TRP. In additional to the states for SRI index indication, two states in the second SRI field are used to indicate S-TRP transmission and the TRP that the first SRI field is associated to. 
· If only one SRS resource is configured in the SRS resource set for each TRP, 2 bits are used to indication which TRP(s) the PUSCH is transmitted to.
For Alt 0, 2 bits are needed to indicate which TRP(s) the PUSCH transmission is associated to. One possible scheme is shown in Table 5. 
Table 5 Dedicated DCI field for dynamic switching of M-TRP and S-TRP
	Value of the dedicated DCI field
	Indication of TRP

	0
	TRP 1

	1
	TRP 2

	2
	TRP 1 and TRP 2

	3
	Reserved


For Alt 1, both SRI fields would indicate both SRI index and number of layers. For the cases with reserved state in the SRI field in Rel-16, each SRI field of Alt 1 has same bitwidth as that for Rel-16; For the cases without reserved state in the SRI field in Rel-16, each SRI field of Alt 1 requires one more bit than that for Rel-16, i.e. 2 additional bits are needed.
For Alt 2-1 and Alt 2-2, the bitwidth of the first SRI field is the same as that for Rel-16. In order to reduce the overhead of SRI indication, the second SRI field can only indicate the SRI indications associated to the number of SRS resources (i.e.  layer number) that indicated by the first SRI field. 
Then for Alt 2-1, if there are N candidate SRI index indications for the number of SRS resources indicated by the first SRI field, 2N+1 states are needed for the second SRI field, with N sates on indicating M-TRP transmission and SRI index for the second TRP, N sates on indicating S-TRP transmission to the second TRP and SRI index for the second TRP, one state on indicating S-TRP transmission to the first TRP only. When there is only one SRS resource for each SRS resource set, 3 states are needed for the second SRI field on indicating which TRP(s) the PUSCH is transmitted to.
For Alt 2-2, if there are N candidate SRI index indications for the number of SRS resources indicated by the first SRI field, N+2 states are needed for the second SRI field, with N states on indicating M-TRP transmission and SRI index for the second TRP, one state on indicating S-TRP transmission to the first TRP, and one state on indicating S-TRP transmission to the second TRP. When there is only one SRS resource for each SRS resource set, 3 states are needed for the second SRI field on indicating which TRP(s) the PUSCH is transmitted to.
In Rel-16, up to 4 SRS resources can be configured in an SRS resource set for non-codebook based PUSCH transmission. Table 6 shows the number of SRI indications for a given layer number according to the Rel-16 SRI indication method. Table 7 shows the number of bits for the second SRI field for the provided alternatives under a maximum layer number. 
Compared to Rel-16 SRI field, Alt 1 requires one more state for the first SRI field. According to Rel-16 SRI indication, only for the cases of NSRS=1/2/4, Lmax =1, one more bit is needed; for other cases, the first SRI field of Alt 1 has same number of bits as the SRI field in Rel-16.
It can be seen from Table 7 that Alt 2-1 always requires more SRI bits compared to Alt 2-2. Although it seems Alt 0 always requires the least number of bits for each case, it requires 2 more bits for the new dedicated DCI field to indicate which TRP(s) the PUSCH transmission is associated to, so the total DCI payload of Alt 0 would be the same or larger than other alternatives.
In Table 7, the cases that Alt 1 requires fewer bits for the second SRI field compared to Alt 2-2 are highlight in orange. Note that Alt 1 would increase the bitwidth of the first SRI field for the case with NSRS=1/2/4, Lmax =1. So for NSRS=1/2/4, Alt 1 requires same total SRI bits as Alt 2-2. In Table 7, the cases that Alt 1 requires more SRI bits for the second SRI field compared to Alt 2-2 are highlighted in green. 
Table 6 Number of TPMI index indications for a given layer number for codebook based PUSCH
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Table 7 Number of bits for the second TPMI field for a given maximum layer for codebook based PUSCH
 [image: ]
Proposal 22: 
· For non-codebook based M-TRP PUSCH transmission, SRI field is used for dynamic switching of S-TRP/M-TRP transmission of PUSCH.
Beam mapping and frequency hopping 
	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


On beam mapping and frequency hopping for PUSCH, we have similar view as that for PUCCH. 
Proposal 23: 
· For M-TRP PUSCH, repetition index based beam mapping is supported.
Note that for PUSCH with repetition Type B, repetition index is nominal repetition index in proposal 8.
Proposal 24: 
· For frequency hopping of M-TRP PUCCH transmission, the following scheme is supported:
· When the repetition number of a PUCCH resource is 2, frequency hopping is performed among all repetitions;
· When the repetition number of a PUCCH resource is larger than 2, frequency hopping is performed among the repetitions with the same beam.
In Rel-16, the beam of a PUSCH scheduled by DCI format 0_0 is the same as the spatial relation of the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell, or is determined according to a reference to the RS configured with qcl-Type set to 'typeD' corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell. When M-TRP transmission is configured for a PUSCH, whether it is an S-TRP transmission or a M-TRP transmission is dynamic switched. Similar as that for PDSCH with M-TRP, two default beam of a PUSCH resource should be UE’s capability, and whether one or two default beams are applied to PUSCH should be configured by RRC. 
Proposal 25: 
· A new capability of supporting two default beam for PUSCHs scheduled by DCI format 0_0 is supported.
 Proposal 26: 
· Whether one or two default beams are applied to PUSCH should be configured by RRC.
Power control for PUSCH
	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. 
· 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.
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.


For the alternatives listed in last meeting for per TRP closed-loop power control for PUSCH when the “closedLoopIndex” values are different, option 1 is not preferred since it can’t realize TRP-specific TPC adjustment. 
For option 2, only one PUSCH beam adjusts its power according to TPC command at one time, the TPC value of two PUSCH beams can be adjusted by turns. Hence the convergence rate of beam power of option 2 is slower than option 3 and option 4. However, option 2 has smaller overhead than option 3 and option 4 since only one TPC value is indicated. When a PUSCH resource is associated with two beams, which beam adjusts its power according to the TPC field should be indicated, and an enhancement of TPC field with beam indication is needed. It can be realized by add 1 bit in appended to current 2 bits of TPC field. If a PUCCH resource is associated with one beam, the beam indication can be omitted. 
Since four TPC values can be indicated to one beam, the overhead of TPC field is the same for option 3 and option 4, i.e. two additional bits compared to Rel-16 is needed. Option 2 is slightly preferred since it has less DCI overhead.
Proposal 27: 
· For per TRP close-loop power control for PUSCH, 
· Option 2 , option 3 or option 4 is supported. 
For S-TRP PUSCH transmission scheduled by DCI format 0_1 or 0_2, if a UE is provided SRI-PUSCH-PowerControl and is indicated with SRI, the UE determines the power control parameters of PUSCH according to the power control parameters mapped to the SRI field value. For M-TRP PUSCH, two SRI fields are supported, and each of the two SRI fields indicates the SRI for the corresponding TRP. For the linking of SRI fields and power control parameters, it is straightforward to add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList for the two TRP respectively.
Proposal 28: 
· For the linking of SRI fields and power control parameters for M-TRP PUSCH transmission, Alt. 1(Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList) is supported.
PUSCH with configured grant
In last meeting, the following agreement was achieved on PUSCH with configured grant:
	Agreement
Support CG PUSCH transmission towards M-TRPs using a single CG configuration. 
· Use same beam mapping principals as dynamic grant PUSCH repetition scheme. 
· FFS: Required changes on CG parameters (ConfiguredGrantConfig) 
· The feature is UE optional


According to the agreement, a single configure grant configuration (ConfiguredGrantConfig) is used for M-TRP configured grant PUSCH transmission. Since forconfigured grant PUSCH transmission, p0-PUSCH-Alpha is RRC configured, an additional p0-PUSCH-Alpha can be added for M-TRP transmission. 
For configured grant Type 1 PUSCH transmission, SRI and TPMI are RRC configured by srs-ResourceIndicator and precodingAndNumberOfLayers in rrc-ConfiguredUplinkGrant respectively. Similar enhancement of SRI and TPMI indication as that for dynamic grant PUSCH can be used for configured grant Type 1 M-TRP PUSCH transmission, i.e. a second srs-ResourceIndicator and a second precodingAndNumberOfLayers are supported in rrc-ConfiguredUplinkGrant, each srs-ResourceIndicator indicates SRI for a TRP and each precodingAndNumberOfLayers indicates TPMI index for a TRP. Since dynamic switching of S-TRP and M-TRP is not needed for configured grant Type 1 PUSCH transmission, the second precodingAndNumberOfLayers can have the same scheme as that for Rel-15/Rel-16. For configured grant Type 2 M-TRP PUSCH transmission, same enhanced DCI can be used as that for DCI granted PUSCH transmission. 
Proposal 29: 
· For CG M-TRP PUSCH transmission, 
· An additional p0-PUSCH-Alpha is supported, with each p0-PUSCH-Alpha is for one TRP;
· A second srs-ResourceIndicator and a second precodingAndNumberOfLayers are supported in rrc-ConfiguredUplinkGrant, where the second precodingAndNumberOfLayers has the same scheme as that for Rel-15/Rel-16;
· The enhanced DCI format 0_1/0_2 for M-TRP transmission can be used to activate/deactivate a CG Type 2 PUSCH transmission.
Conclusions
In this contribution we provide our views on some aspects need to be considered for supporting multi-TRP/panel-based reliability enhancement for PDCCH/PUCCH/PUSCH in Rel-17. Based on the discussion above, we have the following proposals and observation:
Proposal 1: 
· MAC-CE can be used additionally to update linkage of SS sets. The following updating methods can be considered,
· More than two SS sets are linked by RRC signaling, and MAC-CE can activate/update two of them to perform PDCCH repetition.
· Two SS sets are linked by RRC signaling, and MAC-CE can activate/update one of them to perform single PDCCH transmission.
Observation: 
· Agreed monitoring occasion linking method may lead to inter-span PDCCH repetition.
Proposal 2: 
· Inter-span PDCCH repetition can be supported.
Proposal 3: 
· Inter-slot PDCCH repetition can be supported.
Proposal 4: 
· For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, option 3 is supported. 
· Assumption 1 and 2 can be further considered.
· For Assumption 1, Alt 2 is preferred, i.e. the required number of BDs is a value between 1 and 2 BDs.
Proposal 5: 
· Two linked PDCCH candidates can be treated as one unit to judge whether this unit can be monitored or not. 
· Besides, the unit can be two linked monitoring occasions, two linked aggregation levels, or two linked PDCCH candidates.
Proposal 6: 
· UE is not required to decode the linked PDCCH candidates if they are overlapping in resources.
Proposal 7:
· For PUCCH resource determination when the corresponding PUCCH resource set has a size larger than eight, option 2 (i.e. the one with the lowest SS set ID is applied) is preferred.
Proposal 8: 
· To solve slot offset issue for scheduling the same PDSCH/PUSCH/CSI-RS/SRS in inter-slot repetition, the following alternatives can be considered,
· Alt 1: Support Option 3 (multi-chance) to ensure two DCIs schedule the same PDSCH/PUSCH/CSI-RS/SRS.
· Alt 2: The slot of a reference PDCCH candidate can be used as the reference slot to determine slot offset.
· The reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain.
Proposal 9: 
· To solve reference symbol for SLIV when ReferenceofSLIV-ForDCIFormat1_2 is configured in PDCCH repetition, the following alternatives can be considered,
· Alt 1: Support Option 3 (multi-chance) to ensure that two DCIs indicate the same starting symbol of PDSCH.
· Alt 2: The starting symbol of a reference PDCCH candidate can be used as the reference symbol to determine SLIV.
· The reference PDCCH candidate can be defined as the PDCCH candidate that ends later in time among the two linked PDCCH candidates in the time domain.
Proposal 10: 
· For Determination of PDSCH beam when TCI field is not present in DCI, the following reference PDCCH candidate(s) can be considered,
· Alt 1: The PDCCH candidate with the lowest CORESET ID.
· Alt 2: Both linked PDCCH candidates.
Proposal 11: 
· PDCCH repetition can be used with multi-DCI based multi-TRP. In this case, the following methods can be considered for PDSCH transmission:
· Two PDCCHs schedule one PDSCH with one TCI state.
· Two PDCCHs schedule two same PDSCHs with one or two TCI states.
Proposal 12:
·  For PDSCH scrambling, a reference PDCCH candidate (the one with the lowest CORESET ID) or a reference scrambling identity can be defined to avoid ambiguity.
Proposal 13: 
· For CRS rate matching,
· If one PDSCH is scheduled, a reference PDCCH candidate (the one with the lowest CORESET ID) or a reference CRS pattern can be defined to avoid ambiguity.
· If  two same PDSCHs are scheduled, there is no ambiguity.
Proposal 14: 
· For HARQ-ACK feedback in PDCCH repetition with multi-DCI framework, UE does not expect to be configured with parameter ackNackFeedbackMode.
Proposal 15: 
· Single-TRP PDCCH repetition can be supported by reusing the agreed framework.
· If PDCCH repetition can be used with multi-DCI based multi-TRP, whether/how to support single-TRP PDCCH repetition is for further study.
Proposal 16: 
· For the repetition number of M-TRP PUCCH scheme 1, 
· 16 is supported for PUCCH format 1/3/4.
Proposal 17: 
· One of the following solutions is supported to indicate power control parameter for PUCCH in FR 1:
· Option 1: Two sets of power control parameters are RRC configured, a PUCCH resource is configured/activated to be associated with one or two sets of power control parameters by RRC/MAC-CE,
· The pathloss RS of a power control parameters set is the PUCCH-PathlossReferenceRS with minimum index value in the set, P0 of a set is P0-PUCCH with minimum index of the set, the close-loop index of a set is explicitly indicated.
· Option 2: PUCCH-SpatialRelationInfo is used to indicate the power control parameters for both FR1 and FR2, wherein the referenceSignal in PUCCH-SpatialRelationInfo can be disabled for FR1. 
Proposal 18: 
· For per TRP close-loop power control for PUCCH, 
· Option 2, option 3 or option 4 is supported. 
Proposal 19: 
· For M-TRP PUCCH, repetition index based beam mapping is supported.
Proposal 20: 
· For frequency hopping of M-TRP PUCCH transmission, the following scheme is supported:
· When the repetition number of a PUCCH resource is 2, frequency hopping is performed among all repetitions;
· When the repetition number of a PUCCH resource is larger than 2, frequency hopping is performed among the repetitions with the same beam.
Proposal 21: 
· For codebook based M-TRP PUSCH transmission, the second TPMI field is used for dynamic switching of S-TRP/M-TRP transmission.
Proposal 22: 
· For non-codebook based M-TRP PUSCH transmission, SRI field is used for dynamic switching of S-TRP/M-TRP transmission of PUSCH.
Proposal 23: 
· For M-TRP PUSCH, repetition index based beam mapping is supported.
Proposal 24: 
· For frequency hopping of M-TRP PUCCH transmission, the following scheme is supported:
· When the repetition number of a PUCCH resource is 2, frequency hopping is performed among all repetitions;
· When the repetition number of a PUCCH resource is larger than 2, frequency hopping is performed among the repetitions with the same beam.
Proposal 25: 
· A new capability of supporting two default beam for PUSCHs scheduled by DCI format 0_0 is supported.
 Proposal 26: 
· Whether one or two default beams are applied to PUSCH should be configured by RRC.
Proposal 27: 
· For per TRP close-loop power control for PUSCH, 
· Option 2 , option 3 or option 4 is supported. 
Proposal 28: 
· For the linking of SRI fields and power control parameters for M-TRP PUSCH transmission, Alt. 1(Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList) is supported.
Proposal 29: 
· For CG M-TRP PUSCH transmission, 
· An additional p0-PUSCH-Alpha is supported, with each p0-PUSCH-Alpha is for one TRP;
· A second srs-ResourceIndicator and a second precodingAndNumberOfLayers are supported in rrc-ConfiguredUplinkGrant, where the second precodingAndNumberOfLayers has the same scheme as that for Rel-15/Rel-16;
· The enhanced DCI format 0_1/0_2 for M-TRP transmission can be used to activate/deactivate a CG Type 2 PUSCH transmission.
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