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1. Introduction
In RAN1#106b-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 PDCCH
2.1. Overbooking
In RAN1 #106b-e meeting [1], following agreement was achieved on PDCCH overbooking.
	Agreement
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support:

· Case 1: 2 BDs are counted for two linked candidates:

· No change (use existing spec)

Agreement 
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select one Alt for each of Case 1 and Case 2 in RAN1 #106-bis-e:

· Case 1: 2 BDs are counted for two linked candidates:

· Alt1: No change (use existing spec)

· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.

· Case 2: 3 BDs are counted for two linked candidates:

· Alt1: Overbooking is per individual SS set as in Rel. 15/16

· Alt1-1: The third BD is counted as a virtual SS set (i.e., the virtual SS set for the third BDs is dopped before dropping the linked SS sets).

· Alt1-2: The third BD is counted as part of the SS set with higher ID.

· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.

· FFS: Inter-span PDCCH repetition for r16monitoringcapablity.


In Rel-15/16, the overbooking rules are defined based on the type of search space set and the index of the search space set. In detail, regarding the type of search space set, the common search space set has a higher priority than UE-specific search space set; in a same type of search space set, the search space set with a lower index has a higher priority. With the rules mentioned above, UE monitors the search space set until the BD/CCE limit is exceeded. 
In the last meeting, for the overbooking in the PCell for USS with two linked SS sets in the same slot/span, Case 1 and Case 2 are discussed and Alt1 was agreed for Case 1, where 2 BDs are counted for Case 1 and 3 BDs are counted for Case 2.
Since the intention of PDCCH repetition is to improve the reliability, if one of the linked PDCCH candidates is monitored while the other linked PDCCH candidate is not monitored, it is against the motivation of PDCCH repetition. To enhance the overbooking rule, the explicit linkage between two PDCCH candidates can be exploited to consider the SS set pair together. For example, if one of the linked PDCCH candidates is decoded, the linked PDCCH candidate is monitored with higher priority. In other words, the linkage between PDCCH candidates wouldn’t be broken due to overbooking. By this way, the linked candidates have the same opportunities to be decoded or dropped. Compared with Alt1, Alt2 can achieve the requirement of reliability for PDCCH. Therefore, regarding Case 2 of overbooking in the PCell for USS with two linked SS sets, Alt2 is preferred.
Proposal 1: Support Alt2 for the Case 2 of overbooking in the PCell for USS with two linked SS sets.
2.2. Ambiguity issue between AL8 and AL16
In RAN1 #106b-e meeting, regarding the ambiguities for interpretation of a detected DCI, the following four cases are discussed.
For RAN1#107-e:

Study whether/how to resolve ambiguities for interpretation of a detected DCI for the following cases:

· Case a: SS sets 1 and 2 are linked, and SS set 3 is individual: 

· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2

· SS set 3 has a AL8 candidate with the same start CCE as the AL16 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)

· Case b: SS sets 1 and 2 are linked, and SS set 3 is individual: 

· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2

· SS set 3 has a AL16 candidate with the same start CCE as the AL8 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)

· Case c1: SS sets 1 and 2 are linked, and SS set 3 and 4 are linked

· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2

· AL16 candidate in SS set 3 is linked with AL16 candidate in SS set 4

· AL8 candidate in SS set 1 has the same start CCE as the AL16 candidate in SS set 3 (associated with a same CORESET with 1-symbol duration)

· Case c2: SS sets 1 and 2 are linked: 

· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2, 

· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2

· AL8 candidate and AL16 candidate in at least one of the SS sets have the same start CCE (in a CORESET with 1-symbol duration)

In Rel-15, if two PDCCH candidates with AL8 and AL16 have the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol, the issue is only limited to rate matching around scheduling DCI. If a detected PDCCH scheduling the PDSCH has AL8, the resources corresponding to the AL16 PDCCH candidate are not available for the PDSCH. In Rel-17, for PDCCH repetition in multi-TRP scenario, the rate matching and timeline issues should be resolved.

For Case a and b, timeline issue can be resolved based on the Rel-17 PDCCH repetition rules (w.r.t reference PDCCH candidate). For Case c1, there is ambiguity to determine reference candidate. Therefore, Case c1 can be considered as error case. For Case c2, since they are linked SS sets, Rel-17 PDCCH repetition rules can be used and timeline issue can be resolved. For the rate matching issue, the Rel-15 based rate matching behavior can be applied, i.e., rate matching is based on AL16.
Proposal 2: For the cases of the ambiguities for interpretation of a detected DCI, the Rel-17 timeline rule and Rel-15 rate matching rule can be applied.
3. Enhancement on PUSCH
3.1. A-SRS triggering
In RAN1 #106b-e meeting [1], following agreement was achieved on minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS.
	Agreement

For NCB based mTRP PUSCH repetition, on the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, select one from the below in RAN1 #107-e meeting,

· Alt. 1: If both SRS resource sets are triggered in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets), the UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less than 42 + d OFDM symbols, where d indicates the number of overlapped symbols for the two pairs of associated NZP-CSI-RS and aperiodic SRS for NCB.

· FFS: value of d

· Alt. 2: UE is not expected to support overlapping precoding calculation for different associated NZP-CSI-RS within a CC, i.e., the UE is not expected to get triggering for two SRS resource sets in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets).

· The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.

· Alt.3: Introduce a UE capability on UE support simultaneous precoding calculation for different associated NZP-CSI-RS within a CC.

· The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.

· Alt. 4: There is nothing wrong with the legacy procedures and capability indication to handle this issue. No changes to spec.


In Rel-15, for the non-codebook based PUSCH in single TRP scenario, since channel reciprocity is exploited, UE can apply the precoder for the SRS transmission based on the measurement of the associated CSI-RS resource. The UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less than 42 OFDM symbols.

For the multi-TRP/panel based scenario in Rel-17, since two pairs of associated CSI-RS and aperiodic SRS resource set may overlap in time, UE may not be able to calculate the precoder for SRS transmission in time. In the last meeting, regarding the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, four alternatives were discussed. Regarding the Alt. 1, since d is determined by the number of overlapped symbols for the two pairs of associated NZP-CSI-RS and aperiodic SRS for NCB, d may have different values in different transmission occasions. In other word, Alt. 1 may lead to frequent calculation of d. Regarding the Alt. 2, if overlapping precoding calculation for different associated NZP-CSI-RS is not supported, the scheduling flexibility may be limited. Regarding the Alt. 3, UE can support simultaneous precoding calculation for different associated NZP-CSI-RS with less spec impact. Therefore, if two pairs of associated CSI-RS and aperiodic SRS resource set overlap in time, we support Alt. 3.
Proposal 3: If two pairs of associated CSI-RS and aperiodic SRS resource set overlap in time, we support Alt. 3.
In Rel-15, the aperiodic SRS resource set is triggered by the SRS request field in DCI. In detail, the triggered aperiodic SRS resource set is the SRS resource set with aperiodicSRSResourceTrigger set to the value indicated by the SRS request field or an entry in aperiodicSRS-ResourceTriggerList set to the value indicated by the SRS request field.
For the multi-TRP/panel based scenario in Rel-17, SRS transmission targeting towards different TRPs can enhance the reliability and improve the coverage. To schedule the two aperiodic SRS transmissions flexibly, a second SRS request field can be added in the DCI to trigger the second aperiodic SRS resource set toward the second TRP.
In detail, among the aperiodic SRS resource sets for the first TRP, the first aperiodic SRS resource set is the SRS resource set with aperiodicSRSResourceTrigger set to the value indicated by the first SRS request field or an entry in aperiodicSRS-ResourceTriggerList set to the value indicated by the first SRS request field. Among the aperiodic SRS resource sets for the second TRP, the second aperiodic SRS resource set is the SRS resource set with aperiodicSRSResourceTrigger set to the value indicated by the second SRS request field or an entry in aperiodicSRS-ResourceTriggerList set to the value indicated by the second SRS request field. Therefore, a second SRS request field can be added in the DCI and the first and second SRS request fields are used to trigger the first and second aperiodic SRS resource sets toward the first and second TRPs respectively.
Proposal 4: A second SRS request field can be added in the DCI and the first and second SRS request fields are used to trigger the first and second aperiodic SRS resource sets toward the first and second TRPs respectively.
3.2. Power control enhancement
In Rel-16, if the single TRP based PUSCH is not scheduled by DCI 0_0 and PUSCH-PathlossReferenceRS is not configured, the PL-RS can be determined by the PL-RS for the SRS resource set with an SRS resource associated with the PUSCH. For the M-TRP based PUSCH repetition, since there are two SRS resource sets and each corresponds to a TRP, the PL-RS for the two TRPs should be determined.
For multi-TRP based PUSCH repetition, when the PUSCH transmission is not scheduled by DCI format 0_0 (e.g., DCI 0_1, DCI 0_2) and is not provided PUSCH-PathlossReferenceRS, the PL-RS for PUSCH targeting the first TRP is the same as the PL-RS of SRS resource in the first SRS resource set, where the SRS resource is associated with the PUSCH transmission targeting the first TRP; the PL-RS for PUSCH targeting the second TRP is the same as the PL-RS of SRS resource in the second SRS resource set, where the SRS resources in the first and second sets are associated with the PUSCH transmission targeting the second TRP.
Proposal 5: When PUSCH-PathlossReferenceRS is not configured, the PL-RS for PUSCH targeting the first TRP is the same as the PL-RS of SRS resource in the first SRS resource set and the PL-RS for PUSCH targeting the second TRP is the same as the PL-RS of SRS resource in the second SRS resource set, where SRS resources in the first and second sets are associated with the first and second PUSCHs targeting the first and second TRPs.
For a CG PUSCH in single-TRP deployment, if the higher layer parameter 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 for two TRPs. For multi-TRP based type 2 CG PUSCH repetition scheme configured by ConfiguredGrantConfig that does not include rrc-ConfiguredUplinkGrant, if two SRI fields are included in a DCI activating the CG PUSCH transmission, the PL-RS for PUSCH targeting the first TRP is provided by PUSCH-PathlossReferenceRS-Id that is mapped to sri-PUSCH-PathlossReferenceRS-Id, where the sri-PUSCH-PathlossReferenceRS-Id is mapped to the SRI of the first SRI field; the PL-RS for PUSCH targeting the second TRP is provided by PUSCH-PathlossReferenceRS-Id that is mapped to sri-PUSCH-PathlossReferenceRS-Id, where the sri-PUSCH-PathlossReferenceRS-Id is mapped to the SRI of the second SRI field.
Proposal 6: For multi-TRP based type 2 CG PUSCH repetition configured by ConfiguredGrantConfig that does not include rrc-ConfiguredUplinkGrant, if two SRI fields are included in a DCI activating the CG PUSCH, the PL-RS for the first TRP is provided by PUSCH-PathlossReferenceRS-Id that is associated to the first SRI and the PL-RS for the second TRP is provided by PUSCH-PathlossReferenceRS-Id that is associated to the second SRI.
When rrc-ConfiguredUplinkGrant is not included in ConfiguredGrantConfig, for type 1 CG PUSCH repetition or type 2 CG PUSCH repetition activated by a DCI that does not include an SRI field, the PL-RS for the two TRPs should be determined. In detail, the PL-RS for PUSCH targeting the first TRP is provided by PUSCH-PathlossReferenceRS-Id that is mapped to sri-PUSCH-PathlossReferenceRS-Id being 0; the PL-RS for PUSCH targeting the second TRP is provided by PUSCH-PathlossReferenceRS-Id that is mapped to sri-PUSCH-PathlossReferenceRS-Id being 1.
Proposal 7: When rrc-ConfiguredUplinkGrant is not included in ConfiguredGrantConfig, for type 1 CG PUSCH repetition or type 2 CG PUSCH repetition activated by a DCI that does not include an SRI field, the PL-RS for PUSCH targeting the first TRP is provided by PUSCH-PathlossReferenceRS-Id that is mapped to sri-PUSCH-PathlossReferenceRS-Id being 0; the PL-RS for PUSCH targeting the second TRP is provided by PUSCH-PathlossReferenceRS-Id that is mapped to sri-PUSCH-PathlossReferenceRS-Id being 1.
4. Enhancement on PUCCH
In the previous meetings, the following agreement was achieved on PUCCH transmission scheme.
	Agreement 
Confirm the working assumption with removing brackets on [consecutive] and adding UE capability.

· 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.

· This feature is optional. 


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 shown in Figure 1, 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 1: UCI type with same priority

Proposal 8: 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.
5. Conclusion
In this contribution, we discuss the issues need to be clarified in Rel-17 NR MIMO. The proposals are summarized below:
Proposal 1: Support Alt 2 for the Case 2 of overbooking in the PCell for USS with two linked SS sets.

Proposal 2: For the cases of the ambiguities for interpretation of a detected DCI, the Rel-17 timeline rule and Rel-15 rate matching rule can be applied.

Proposal 3: If two pairs of associated CSI-RS and aperiodic SRS resource set overlap in time, we support Alt. 3.

Proposal 4: A second SRS request field can be added in the DCI and the first and second SRS request fields are used to trigger the first and second aperiodic SRS resource sets toward the first and second TRPs respectively.
Proposal 5: When PUSCH-PathlossReferenceRS is not configured, the PL-RS for PUSCH targeting the first TRP is the same as the PL-RS of SRS resource in the first SRS resource set and the PL-RS for PUSCH targeting the second TRP is the same as the PL-RS of SRS resource in the second SRS resource set, where SRS resources in the first and second sets are associated with the first and second PUSCHs targeting the first and second TRPs.

Proposal 6: For multi-TRP based type 2 CG PUSCH repetition configured by ConfiguredGrantConfig that does not include rrc-ConfiguredUplinkGrant, if two SRI fields are included in a DCI activating the CG PUSCH, the PL-RS for the first TRP is provided by PUSCH-PathlossReferenceRS-Id that is associated to the first SRI and the PL-RS for the second TRP is provided by PUSCH-PathlossReferenceRS-Id that is associated to the second SRI.

Proposal 7: When rrc-ConfiguredUplinkGrant is not included in ConfiguredGrantConfig, for type 1 CG PUSCH repetition or type 2 CG PUSCH repetition activated by a DCI that does not include an SRI field, the PL-RS for PUSCH targeting the first TRP is provided by PUSCH-PathlossReferenceRS-Id that is mapped to sri-PUSCH-PathlossReferenceRS-Id being 0; the PL-RS for PUSCH targeting the second TRP is provided by PUSCH-PathlossReferenceRS-Id that is mapped to sri-PUSCH-PathlossReferenceRS-Id being 1.

Proposal 8: 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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