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Introduction
In the plenary RAN#92 meeting, the following objectives on the enhancements on NR-MIMO were laid out regards to multi-TRP deployment [1]:
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. 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 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

This contribution discusses various issues regarding PUSCH and PDCCH reliability enhancements for multi-TRP deployments.
PDCCH reliability enhancements
In RAN1#104-bis-e [2], the following agreements were made with regard to MTRP enhancements for PDCCH.

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, and option 2 is supported
· Option 2: The one with the lowest SS set ID is applied.
· FFS: Support of Option 2 does not mean PDCCH repetition based on two linked search space set within one CORESET is supported

Agreement
For PDSCH rate matching around the scheduling DCI in the case of PDCCH repetition, the previous agreement for FR1 also applies to FR2.

R1-2103820	Summary #2 of email discussions [104b-e-NR-feMIMO-02] for mTRP PDCCH enhancements	Moderator (Qualcomm)

Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, support
· UE reports one [or more] number(s) as required number of BDs for the two PDCCH candidates
· Candidate values: 2, 3.
· FFS: Default behaviour
· FFS: Whether one of the candidate values imply that UE supports soft combining
· FFS: Whether additional candidate values are supported (e.g. non-integer numbers)
· FFS: RRC configuration based on reported UE capability

Agreement
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition
· For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV (when UE is configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving the PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0), a reference candidate is used. Select one among the following:
· Alt1: The candidate that starts later in time
· Alt3: The candidate that starts earlier in time
· FFS: How to define d1,1 for PDSCH processing time in this case

Agreement
If a PDSCH is scheduled by a DCI in PDCCH candidates (the first PDCCH candidate associated with a first CORESET and the second PDCCH candidate associated with a second CORESET) that are linked for repetition, 
· Working assumption: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.
· If the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL if applicable, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs 
· FFS: Whether additional options are needed (e.g. to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI) 

R1-2103915	Summary #3 of email discussions [104b-e-NR-feMIMO-02] for mTRP PDCCH enhancements	Moderator (Qualcomm)

Agreement
For a UE supporting reception with two different beams, support identifying two QCL-TypeD properties for multiple overlapping CORESETs
· FFS: How to enhance existing QCL-TypeD priority rules for overlapping CORESETs
· Note: The primary goal of this enhancement for the purpose of this sub-AI is to support time-overlapping PDCCH repetitions in FR2.

Agreement
When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, for the purpose of BD counting and interpretation of a detected DCI, select one option among the following in RAN1#105-e:
· Option 1: The individual candidate is not counted for monitoring 
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· Option 2: The candidate in a higher SS set ID is not counted for monitoring
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· Option 3: The candidate associated with SS set(s) with lower priority is not counted for monitoring, where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· FFS: Whether a max limit on number of such overlaps is needed.
Additional specification support may be introduced for the purpose of resolving ambiguity (if any) for interpretation of the detected DCI. For example,
· Distinguished by different RNTIs defined for the linked candidate versus the individual candidate
· Distinguished by aggregation level restrictions that can be expected by the UE in the case of overlap

Agreement
For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped), select one option from Options 1 and 2 in RAN1#105-e:
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at least one of them is dropped)
· FFS: Which of the following Rel. 15/16 rules are applicable for this purpose:
· Case 1: Overlap with SSB
· Case 2: Overlap with rate matching resources: RateMatchPattern, lte-CRS-ToMatchAround, or LTE-CRS-PatternList-r16, availableRB-SetPerCell-r16
· Case 3: Due to TDD DL/UL related conflicts: Overlap with semi-static / dynamic UL symbols or overlap with PRACH
· Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· Case 5: Overbooking results in one of the linked candidates not being monitored
· Case 6: Overlap with reserved PRB(s) and OFDM symbol(s) indicated by DCI format 2_1 where UE may assume no transmission intended for the UE
· Other cases are not precluded
· FFS: Whether there is an impact to BD count 

In this section, proposals related to PDCCH reliability enhancements are discussed.

UE capability and blind decoding attempts for various decoding methods

In the case of Option 2 + Case 1, the bit pattern of each PDCCH candidate is repeated which makes it suitable for soft-combining. Therefore, if Option 2 + Case 1 is the only supported non-SFN transmission method, the UE can use any decoding method that is transparent to the gNB. However, if in addition to Option 2 + Case 1, a transmission scheme that is not suitable for soft-combining is supported, e.g., the gNB may transmit the DCI on only one of the two PDCCH candidates, the UE cannot use soft-combining for decoding. Hence, either the UE is aware of the gNB’s selection, or depending on UE’s decoding capabilities, gNB’s selection has to be enabled or disabled for the PDCCH transmissions. If a UE is capable of only soft-combining for DCI repetition, the gNB has to adapt the PDCCH transmission method to Option 2, and no other option can be used. From the above discussion, the following conclusions can be made:

	PDCCH transmission scheme
	gNB selection (i.e., the gNB may choose to transmit the PDCCH in only one of the PDCCH candidates)
	Can soft-combining at the UE be transparent to the gNB?

	Option 2 + Case 1 only
	Enabled
	No: the gNB needs to know that the UE can perform selection decoding when only one of the PDCCHs comprises the DCI.

	
	Disabled
	Yes: the UE may use any decoding method – selection, soft-combining, or hybrid – and the gNB does not need to know the decoding method.

	Option 2 + Case 1 and other transmission method
	Enabled/Disabled
	No: the gNB needs to know if the UE can perform selection decoding if the transmission method does not support soft-combining.



From the above table, it can be observed that soft-combining can be transparent to the gNB only when option 2 is the only transmission option available, and the gNB selection is disabled. In our opinion, the use of option 2 + case 1 is enough for non-SFN scenarios and no other schemes are necessary. Even in this case, the enabling of gNB selection, which may be spec. transparent, requires that the gNB is aware of the UE’s soft-combining capability. 

It has been agreed that BD count values of 2 and/or 3 can be reported by the UE as its capability. Along with the reporting of the BD count it can be explicitly reported if the UE supports soft-combining or not. If not, depending on the reported values, it could be implicitly conveyed that the UE supports soft-combining.

Proposal 1: The UE’s capability of soft-combining when decoding DCI transmitted on multiple PDCCH candidates shall be reported to the gNB explicitly, or implicitly via the value(s) reported for BD count.

PDCCH repetitions associated with different CORESETPoolIndex values

The support of PDCCH repetitions with different CORESETPoolIndex values enables multi-TRP-based DCI repetitions when multi-DCI-based multi-TRP-based PDSCH transmissions is used. So far, multi-TRP-based DCI repetition is possible only across CORESETs without any CORESETpoolIndex values configured, or only across CORESETs configured with the same CORESETpoolIndex value. This would mean that in a CC either only single-TRP-based DCI repetition or multi-DCI-based repetition of PDCCH without multi-DCI-based multi-TRP PDSCH is possible. Enabling DCI repetitions across CORESETS associated with different CORESETpoolIndex values provides a higher scheduling flexibility for PDCCH and PDSCH. We therefore have the following proposal. 

Proposal 2: Support PDCCH repetitions with PDCCH candidates associated with different CORESETpoolIndex values.

When the CORESETs in which the two PDCCH candidates associated with a single DCI are present belong to two different CORESETpoolIndex values, the PUCCH resource determination can be based on the lowest CORESETpoolIndex among the two PDCCH candidates instead of the lowest CORESET ID, thereby associating with the default TRP.

Proposal 3: When the DCI is transmitted via PDCCH repetition with the PDCCH candidates associated with two different CORESETpoolIndex values, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, the starting CCE index and number of CCEs in the CORESET of the PDCCH candidate associated with the lowest CORESETpoolIndex are used.

Similarly, the PDSCH scrambling and CRS-rate-matching pattern to be used in the same case need to be decided. The lowest CORESETpoolIndex value among the associated PDCCH candidates can be taken in the case of PDSCH scrambling ID and the CRS-rate-matching pattern determination as well.

Proposal 4: When DCI is transmitted via PDCCH repetition with the PDCCH candidates associated with two different CORESETpoolIndex values, the PDSCH scrambling and CRS-rate-matching pattern may be determined based on the lowest CORESETpoolIndex value associated with the PDCCH candidates.

Issues related to reference PDCCH(s)

CPU occupation time for CSI report (TS 38.214, Section 5.2.1.6)

The CPU occupation timing for aperiodic CSI reporting or semi-persistent CSI reporting, when the report quantity is not set to ‘none’, is determined with respect to the first symbol of the PDCCH triggering the CSI report. In both cases, it would be preferable to consider the occupation timing with reference to the PDCCH starting later in time. The reason is that the CPU occupation may start only after all the PDCCH candidates associated with the CSI report indication are received. The occupation of the CSI report with the first candidate is not advised as in the case of gNB selection wherein the DCI is transmitted on the second PDCCH candidate, the UE would not know that the CSI report trigger was received until it receives the second PDCCH candidate. Hence, it is preferred to have the PDCCH starting later in time as a reference for this purpose. This may also apply to the CPU occupation when the report quantity is set to ‘none’ for aperiodic CSI report.

Proposal 5: For the determination of the CPU occupation timing for the following cases, the PDCCH starting later in time is used as a reference: 
· Aperiodic or semi-persistent CSI report CPU occupation when the CSI report quantity is not set to ‘none’
· Aperiodic CSI report CPU occupation when the CSI report quantity is set to ‘none’

PUSCH scheduling (TS 38.214, Section 6.1.1.1 and 6.1.1.2)

When PUSCH is scheduled by a PDCCH comprising an SRI indication, the SRI refers to the SRS transmission prior to the PDCCH carrying the SRI. With PDCCH repetition, the reference PDCCH should be the one that starts earlier in time so that both PDCCHs may refer to the same SRI. If the PDCCH that starts later is considered, in the case of inter-slot PDCCH transmissions, for example, it is possible that an SRS transmission occurs between the two PDCCH transmissions, which may result in the two PDCCHs referring to two different SRS transmissions. To avoid such conflict and have uniformity in the reference SRS, the PDCCH that starts earlier in time shall be chosen. 

Proposal 6: When PUSCH is scheduled by a PDCCH comprising an SRI indication, the SRI refers to the SRS resource(s) transmitted prior to the PDCCH starting earlier in time.

PSSCH preparation time (TS 38.214, Section 8.6)

It was agreed that for the purpose of PUSCH preparation time (N2), the reference PDCCH used will be the one that ends later in time among the two linked PDCCH candidates. In our view, the same may apply for the PSSCH as well. The offset value for the starting symbol of the sidelink transmissions (PSSCH and the associated PSCCH) are determined based on the last symbol of the PDCCH carrying the DCI scheduling the sidelink transmission. If multiple PDCCH candidates are linked to the DCI scheduling the sidelink transmission, then the PDCCH candidate that ends later in time shall be used for the determination of the transmission offset.

Proposal 7: For the purpose of determination of the offset value for sidelink transmissions scheduled by a DCI associated with multiple PDCCH candidates, the PDCCH candidate that ends later in time shall be taken as the reference PDCCH candidate.

Random access order for PDSCH (TS 38.214, Section 5.1)

The following is specified in TS 38.214 regarding RACH association:
When receiving a PDSCH scheduled with RA-RNTI in response to a random access procedure triggered by a PDCCH order which triggers contention-free random access procedure for the SpCell [10, TS 38.321], the UE may assume that the DM-RS port of the received PDCCH order and the DM-RS ports of the corresponding PDSCH scheduled with RA-RNTI are quasi co-located with the same SS/PBCH block or CSI-RS with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.





It must be clarified whether the PDCCH order that triggers contention-free random access procedure for the SpCell can be received in more than one PDCCH candidate or not. If possible, it should be specified how the QCL assumptions for the PDCCH candidates associated with the PDCCH order are determined or if the PDCCH candidates are QCL-ed with the SSB used for the RACH association.
Proposal 8: The reception of a PDCCH order that triggers contention-free random access procedure for SpCell in multiple PDCCH candidates must be clarified.

Overlapping PDCCH candidates and PDCCH dropping

When the CCEs of two different PDCCH candidates overlap, wherein one of them is linked with another PDCCH candidate, the dropping of one of the PDCCH candidates has to be resolved. In our view, the PDCCH dropping criteria shall follow the PDCCH priority. In the case of two linked PDCCH candidates, the priority for the PDCCH can be determined based on the SS set with lower ID. For a straight-forward solution, if the candidate associated with the lower SS ID among the linked PDCCH candidates is dropped, then the other candidate may also be dropped. Opting to detect the other PDCCH candidate may prove to be a complex solution because, if one of the PDCCH candidates among the two linked PDCCH candidates is dropped, then a new priority may have to be assigned to the remaining PDCCH candidate and then decoded according to the newly assigned priority. On the other hand, if the candidate associated with the higher SS ID among the linked PDCCH candidates is dropped, then the priority of the two linked PDCCH candidates is not altered and the other PDCCH candidate may still be detected. Essentially, the PDCCH candidate that is associated with the lower SS set ID is the reference candidate that determines priority of the linked PDCCH candidates. In a simpler solution to the aforementioned one, the UE may drop all the linked PDCCH candidates if one of them is dropped. 
Considering three PDCCH candidates  and  associated with three different search space sets with IDs  and , respectively, wherein the PDCCH candidates  and  are linked. Then, the rules from the following table may apply for the dropping of the PDCCH candidates with regards to the two solutions described above: 



	Relationship between the search space set IDs
	PDCCH candidates with overlapping CCEs
	PDCCH candidate(s) dropped
	PDCCH candidate(s) detected or counted towards UE BD capability

	
	
	
	Solution 1 (drop all linked candidates if PDCCH with lower SS set ID among the linked PDCCHs is dropped)
	Solution 2 (drop all linked candidates if any one of the linked PDCCHs is dropped)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



[bookmark: _GoBack]From the above table, the two alternatives for the dropping of the linked PDCCH candidates are as follows:
· Alt-1:
· If the PDCCH candidate dropped among the linked PDCCH candidates is associated with the lower SS set ID, then the other PDCCH candidate is also dropped.
· If the PDCCH candidate dropped among the linked PDCCH candidates is associated with the higher SS set ID, the other PDCCH candidate may still be detected.
· Alt-2: If any one of the PDCCH candidates among the linked PDCCH candidates is associated is dropped, then the other PDCCH candidate is also dropped.

Alt-2 is a simpler and straight-forward solution among the two alternatives and hence it is preferred.
Proposal 9: When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, for the purpose of BD counting and interpretation of a detected DCI, choose option 3:
· Option 3: The candidate associated with SS set(s) with lower priority is not counted for monitoring, where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· If any one of the PDCCH candidates among the linked PDCCH candidates is associated is dropped, then the other PDCCH candidate is also dropped.

The dropping rule for linked PDCCH candidates when one of the candidates is overlapping with some other channel or signal (due to Rel. 15/16 procedures), can be reused from the one used for the aforementioned scenario.
Proposal 10: For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped), 
· Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at least one of them is dropped)

PUSCH and PUCCH reliability enhancements
In RAN1#105-e, the following agreement was reached with respect to PUSCH and PUCCH reliability enhancements [2]:

Agreement
For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), default P0, alpha, PL-RS, and closed loop index is defined per TRP. Select one from the following in RAN1 #106-e meeting,
· Alt.1   
· The first P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the first SRS resource set.
· The second P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the second SRS resource set.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2. 
· Alt.2  
· The first set of values {the first value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.
· Alt.3  
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControlassociated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.

Default power control parameters for MTRP PUSCH
When only one SRS resource per set is configured in the two SRS resource sets for MTRP PUSCH, the power control parameters to be used for the SRS transmission are to be decided. In Rel. 16, MAC-CE based pathloss reference RS update of PUSCH was specified to lower the latency of PL RS indication. It has been agreed that when an SRI is indicated with a PL RS in Rel. 17, it shall also be indicated whether the PL RS is indicated with the first or the second SRS resource set. Therefore, it is advantageous to use any alternative that exploits MAC-CE-based PL RS update and doesn’t rely on RRC reconfiguration.

In the case of Alt-1, the PC settings in the first sri-PUSCH-PowerControl associated with the two SRS resource sets are used for the PUSCH transmitted to the two TRPs. It is to be noted that this would require that sri-PUSCH-PowerControl is always configured. In Rel. 16, when sri-PUSCH-PowerControl is not configured, the PC parameters would be individually obtained from the first P0-AlphaSet, PUSCH-PathlossReferenceRS-Id = 0 and closed-loop index l = 0 (something similar to Alt-2). Alt-3 provides a compromise between the two alternatives. When MAC-CE based update of PL-RS is possible (enablePL-RS-UpdateForPUSCH-SRS is configured), the power control parameters can be obtained from sri-PUSCH-PowerControl  and when it’s not, the PC parameters may be individually obtained from the respective RRC configurations.

Proposal 11: For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), default P0, alpha, PL-RS, and closed loop index is defined per TRP and obtained as follows (Alt.3):  
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControlassociated with the second SRS resource set and closed-loop index l = 1 if twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.

Configured grant PUSCH
Redundancy version
When MTRP PUSCH is scheduled using higher layer configured grant, the redundancy version mapping method may follow what is performed for dynamic grant based MTRP PUSCH. The first TRP’s RVs are obtained from an RV sequence and the second TRP’s RV values can be determined using an RV offset value with respect to the RV sequence used for the first TRP. 
Proposal 12: For CG MTRP PUSCH, first TRP’s RVs are obtained from an RV sequence and the second TRP’s RV values can be determined using an RV offset value with respect to the RV sequence.

PTRS-DMRS association

In the case of dynamic PUSCH scheduling, the PTRS-DMRS association can be indicated via the DCI with a 1-bit or 2-bit field. In the case of CG MTRP PUSCH, a default value of the association may be assumed (similar to s-TRP CG PUSCH), which would reduce specification effort. The PTRS-DMRS port association defined by a value of ‘0’ for the 1-bit field or a value of ‘00’ for the 2-bit field (as defined in Tables 7.3.1.1.1.2-25/26 in TS 38.212) can be taken as the default association in the case of CG MTRP PUSCH.

Proposal 13: For CG-based MTRP PUSCH, the PTRS-DMRS association defined by a value of ‘0’ for the 1-bit DCI field or a value of ‘00’ for the 2-bit DCI field in case of dynamic grant based PUSCH can be used as default.

Conclusion
The following proposals are made from the discussions above.
Proposal 1: The UE’s capability of soft-combining when decoding DCI transmitted on multiple PDCCH candidates shall be reported to the gNB explicitly, or implicitly via the value(s) reported for BD count.



Proposal 2: Support PDCCH repetitions with PDCCH candidates associated with different CORESETpoolIndex values.

Proposal 3: When the DCI is transmitted via PDCCH repetition with the PDCCH candidates associated with two different CORESETpoolIndex values, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, the starting CCE index and number of CCEs in the CORESET of the PDCCH candidate associated with the lowest CORESETpoolIndex are used.

Proposal 4: When DCI is transmitted via PDCCH repetition with the PDCCH candidates associated with two different CORESETpoolIndex values, the PDSCH scrambling and CRS-rate-matching pattern may be determined based on the lowest CORESETpoolIndex value associated with the PDCCH candidates.

Proposal 5: For the determination of the CPU occupation timing for the following cases, the PDCCH starting later in time is used as a reference: 
· Aperiodic or semi-persistent CSI report CPU occupation when the CSI report quantity is not set to ‘none’
· Aperiodic CSI report CPU occupation when the CSI report quantity is set to ‘none’

Proposal 6: When PUSCH is scheduled by a PDCCH comprising an SRI indication, the SRI refers to the SRS resource(s) transmitted prior to the PDCCH starting earlier in time.

Proposal 7: For the purpose of determination of the offset value for sidelink transmissions scheduled by a DCI associated with multiple PDCCH candidates, the PDCCH candidate that ends later in time shall be taken as the reference PDCCH candidate.

Proposal 8: The reception of a PDCCH order that triggers contention-free random access procedure for SpCell in multiple PDCCH candidates must be clarified.

Proposal 9: When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, for the purpose of BD counting and interpretation of a detected DCI, choose option 3:
· Option 3: The candidate associated with SS set(s) with lower priority is not counted for monitoring, where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· If any one of the PDCCH candidates among the linked PDCCH candidates is associated is dropped, then the other PDCCH candidate is also dropped.

Proposal 10: For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped), 
· Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at least one of them is dropped)

Proposal 11: For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), default P0, alpha, PL-RS, and closed loop index is defined per TRP and obtained as follows (Alt.3):  
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControlassociated with the second SRS resource set and closed-loop index l = 1 if twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.

Proposal 12: For CG MTRP PUSCH, first TRP’s RVs are obtained from an RV sequence and the second TRP’s RV values can be determined using an RV offset value with respect to the RV sequence.

Proposal 13: For CG-based MTRP PUSCH, the PTRS-DMRS association defined by a value of ‘0’ for the 1-bit DCI field or a value of ‘00’ for the 2-bit DCI field in case of dynamic grant based PUSCH can be used as default.
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