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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#86, a new work item named “Further enhancements on MIMO for NR” was agreed. As described in the SID [1], channels other than PDSCH can benefit from multi-TRP transmission (as well as multi-panel reception). One objective to work is to extend specification support for enhancement on multi-TRP deployment, targeting both FR1 and FR2, which includes:
· 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
The following agreements were made for M-TRP PDCCH enhancement in RAN1 #107-e meeting [2]:
Agreement
Confirm the following working assumption in RAN1 #106-bis-e:
When a scheduled CC is configured to be cross-carrier scheduled by a scheduling CC, two PDCCH candidates (with the same AL and candidate index associated with the scheduled CC) are linked only if the corresponding two SS sets in the scheduling CC are linked and two SS sets in the scheduled CC with the same SS set IDs are also linked.
· Note: The PDCCH candidates associated with the scheduled CC are defined as part of SS sets for scheduled CC instead of SS sets for scheduling CC (Same as Rel-15)
Agreement
To address the ambiguity issue between AL8 and AL16 candidates in the presence of PDCCH repetition:
· For two linked AL8 PDCCH candidates in a first and second SS sets and two linked AL16 candidates in a third and fourth SS sets, UE expects different starting CCEs in a CORESET for any of the linked AL8 candidates and any of the linked AL16 candidates if the CORESET spans one OFDM symbol (i.e., Case c1 is not expected by UE) and is non-interleaved
· If two PDCCH candidates with AL8 and AL16 have the same start CCE in a non-interleaved CORESET with one OFDM symbol: 
· When at least one of the AL8 or AL16 candidates is linked with other PDCCH candidate, and UE receives a DCI on any of the AL8 or AL16 candidates, a scheduled PDSCH by the DCI is rate matched around the AL16 candidate and any PDCCH candidate linked with any of the AL8 or AL16 candidates (i.e., rate matching in Cases a, b and c2 is around the union of candidates)
· When one of the AL8 candidate or the AL16 candidate is linked to another PDCCH candidate for PDCCH repetition (i.e., Cases a or b), interpretation of a detected DCI via any of the first or second PDCCH candidates is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· FFS (to be resolved in this meeting): Whether/how to resolve potentially ambiguity for PUCCH resource determination for Case c2
Agreement
To handle UE complexity / memory requirements for linked PDCCH candidates, address the issue by UE capability, where UE indicates a limit (X) associated with the total number of linked candidates of which the first candidate is received and the second one has not been received at any given span. 
· The limit X is indicated as a total count assuming count 1 for AL=1; 2 for AL=2; 4 for AL=4 or 8 or 16. 
· The limit X is indicated per CC and also across all CCs
· Note: “received” and “not been received” is wrt the end of the corresponding span of PDCCH candidate.
· Above is applicable at least for the inter-span case (FFS: intra-span case)
Agreement
Two linked PDCCH candidates are not expected to be associated with different CORESETPoolIndex values.
Agreement
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support:
· Case 2: 3 BDs are counted for two linked candidates:
· Overbooking is per individual SS set as in Rel. 15/16
· The third BD is counted as part of the SS set with higher ID.
Agreement
For PDCCH repetition
· If two linked PDCCH candidates schedule a PDSCH with mapping Type A in a same slot, both linked PDCCH candidates are expected to be contained within the first three symbols of the slot.
· Use candidate that ends later in time for active NZP CSI-RS resource / port determination, and for CPU occupation duration for first instant of SP-CSI on PUSCH
· Note: The case of CPU occupation duration for AP-CSI is agreed before
· When BFR response is detected in PDCCH candidates that are linked for PDCCH repetition (applicable to CBRA-based BFR in the PCell/PSCell, or Scell BFR), the beam / power control reset for PUCCH/PDCCH (when applicable) occurs after 28 symbols from the last symbol of the PDCCH candidate that ends later in time.
· When DCI carrying DFI is detected in PDCCH candidates that are linked for PDCCH repetition, the candidate that starts earlier in time is used as the reference PDCCH candidate for determination of validity of DFI for a PUSCH with a given HARQ process number.
Agreement
For cross-carrier scheduling, searchSpaceSharing is not applicable if at least one scheduled CC is configured with PDCCH repetition.
[bookmark: _Hlk87880641]Agreement
For two CORESETs associated with two linked CSS, the CORESET with lower ID is used for the following purposes:
· To determine the value of  for mapping VRB to PRB of a PDSCH scheduled by DCI format 1_0.
· To determine the uplink RB set of a PUSCH scheduled by DCI format 0_0 (with CRC scrambled by an RNTI other than TC-RNTI) for UL resource allocation type 2.
Conclusion
For two linked SS sets are configured with respective searchSpaceGroupIdList, 
· If both SS sets are monitored in a search space set group, then PDCCH repetition mechanism is applied for the linked SS sets
· If only one of the two SS sets is monitored in a search space set group, then the legacy PDCCH mechanism is applied for the monitored one (i.e., no PDCCH repetition)
Conclusion
There is no consensus in Rel-17 to relax the restriction that PDCCH repetitions should be received within the first 3 symbols of a slot for indicating active BWP change.
Conclusion
Simultaneous configuration of SFNed CORESET and PDCCH repetition in the same CC, or in different CCs for intra-band CA in FR2 is not supported in Rel-17.
Conclusion
For the following restriction in 38.213, two linked PDCCH candidates are counted as one PDCCH: “For a scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol.”
The following agreements or conclusions were made for M-TRP PUSCH and PUCCH enhancement in RAN1 #107-e Meeting [2]:
[bookmark: _Hlk84592549]Agreement
For both CB and NCB based mTRP PUSCH repetition schemes,  
· The SRS-ResourceSets (the first and second SRS resource sets) applicable for multi-TRP PUSCH scheduled by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 in SRS-config, respectively. 
· The first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first NSRS,0 2 SRS resources in the first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList. 
· FFS: Whether the value of the NSRS,0 2 can be different
· The presence of the new field in the DCI for dynamic switching (2bits) is separately determined for DCI format 0_1 and DCI format 0_2 (based on whether two SRS resource sets are configured for that DCI format).
Agreement
For non-CB based mTRP PUSCH repetition, to determine a set of PUSCH power control parameters, the SRI indicated in the 2nd SRI field (considering Tables 7.3.1.1.2-29A/30A/31A) is used to determine a matching SRI in a legacy SRI table (considering Tables 7.3.1.1.2-29/30/31) for the same indicated SRS resources and number of layers of the SRI indicated in the 2nd SRI field. The matching SRI is then used to determine a set of PUSCH power control parameters based the SRI to PUSCH power control mappings configured for the 2nd SRS resource set.
· How to capture this is up to the editor
Agreement
For mTRP PUSCH repetition scheduled with DCI format 0_2, the value of the NSRS,0_2 in two SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 should be the same.
Agreement
Introduce a new RRC parameter to indicate two PHRs (option 4) for UE that reports this UE optional capability. 
Agreement
For mTRP PUSCH repetition, introduce a RRC parameter to enable/disable the new behavior of transmitting AP/SP-CSI on the first PUSCH repetitions with the first beam and the second beam. The new parameter can be per CSI-AperiodicTriggerState or CSI-SemiPersistentOnPUSCH-TriggerState.
· Transmitting AP/SP-CSI on two PUSCH repetitions with different beams is UE optional capability
Agreement
For mTRP type 1 CG PUSCH, when both srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI- 0-2 are configured with two SRS resource sets, the two SRS resource sets configured by srs-ResourceSetToAdd- ModList is used to determine the SRS resource indications by two srs-ResourceIndicator fields of mTRP CG PUSCH.
Conclusion
For NCB based mTRP PUSCH repetition, no changes to the Rel-15/16 defined minimal gap between associated NZP-CSI-RS and aperiodic SRS. 
· Note: Whether to introduce a UE capability on UE support simultaneous precoding calculation for different associated NZP-CSI-RS within a CC can be further discussed in UE capability discussions. 
Conclusion
For mTRP type 1 CG PUSCH, when two fields of 'precodingAndNumberOfLayers' and/or 'srs-ResourceIndicator' are present in 'rrc-ConfiguredUplinkGrant', the same number of layers should be indicated in the first and second fields.
Conclusion
Rel-15/16 collision handling between PUCCH repetition and other channels/signals are also applicable for Rel-17 M-TRP PUCCH repetition schemes. 
Conclusion
For mTRP type 1 CG PUSCH, when two fields of 'precodingAndNumberOfLayers' and/or 'srs-ResourceIndicator' are present in 'rrc-ConfiguredUplinkGrant', 
· the indicated two precoding information (for CB PUSCH) are separately determined using two fields of 'precodingAndNumberOfLayers'.
· the indicated SRIs (for CB/NCB PUSCH) are separately determined using two fields of 'srs-ResourceIndicator'.
Conclusion
For mTRP PUSCH repetition, 
· when two SRS resource sets are configured in srs-ResourceSetToAddModListDCI-0-2 while there is only one SRS resource set configured in srs-ResourceSetToAddModList, the first SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first NSRS,0_2 SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList and the second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 does not have such a condition on SRS resources.
· When one SRS resource set is configured in srs-ResourceSetToAddModListDCI-0-2 while there are two SRS resource sets configured in srs-ResourceSetToAddModList, the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first NSRS,0_2 SRS resources in the first SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList.
In this contribution, we compare and analyze different candidates for PDCCH/PUCCH/PUSCH enhancement. Based on the analysis, we provide our proposals. 
Discussion on PDCCH enhancement with multiple TRP
PDSCH processing time in case of ePDCCH scheduling
For determining PDSCH processing time, d1,1 is introduced in the specification to compensate for PDCCH receiving time in case of PDSCH scheduled with short symbol length and time overlapping between PDCCH and PDSCH. In detail, it is defined based on PDSCH symbol length and overlapping symbol number of the scheduling PDCCH and the scheduled PDSCH. In RAN1 #106b e-meeting, the agreement is made on how to determine d1,1 in case of UE doing selective decoding when a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition. In detail, d1,1 for PDSCH processing time is determined by considering the PDCCH candidate that results in larger d1,1. For soft combining case, companies may have different views on whether to introduce additional processing time on account of additional complexity. Either way we need a conclusion/solution to determine PDSCH processing time in case of soft combining of linked PDCCH candidates. In our view, the motivation for introducing additional processing time is not so strong since the maximum candidate number is already limited in specification and thus maximum processing time is almost not increased. Also, more effort and discussion are needed for determining the accurate value of additional processing time, which is related with actual implementation. Moreover, the related spec impact is also very large since the impact may include the time related with PUSCH processing, PDSCH processing for mapping Type A and B, aperiodic CSI processing, DCI processing, etc. Therefore, we propose    
Proposal 1: If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, the same d1,1 determination scheme for UE doing selective decoding can be used for UE doing soft decoding, where d1,1 for PDSCH processing time is determined by considering the PDCCH candidate that results in larger d1,1 value when UE makes soft combination. 
Ambiguity issue between AL8 and AL16
In RAN1#107-e meeting, there is still a FFS issue that whether/how to resolve potential ambiguity for PUCCH resource determination for case C2, where 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). Two kinds of solution are proposed in RAN1#107-e meeting. For the first kind of solution, some restriction is applied on gNB’s configuration. As a scheme (scheme 1) given in FL’s proposal, UE expects the linked AL8 candidate and the linked AL16 candidate in the second SS set to also have the same start CCE if the second SS set has lower ID compared to the first SS set when the two PDCCH candidates are in a first SS set that is linked to a second SS set. For the second kind of solution, the reference point is used to determine PUCCH resource. As another scheme (scheme 2), the reference point can be the lowest CCE index of two AL8/AL16 or one of the lowest CCE index of two AL8/AL16 in the SS with the lowest SS ID. In our view, both schemes can solve this issue. We prefer scheme 1 since gNB can avoid the ambiguity case by implementation with loss of some flexibility. In fact, the probability for ambiguity case is not easy to evaluate on account of various configuration of search space sets. It is better to give more freedom for solving by gNB realization. Moreover, scheme 1 does not bring additional standard impact. Therefore, we propose    
Proposal 2: If two PDCCH candidates with AL8 and AL16 have the same start CCE in a CORESET with one OFDM symbol, UE expects the linked AL8 candidate and the linked AL16 candidate in the second SS set to also have the same start CCE if the second SS set has lower ID compared to the first SS set when the two PDCCH candidates are in a first SS set that is linked to a second SS set.


TP for Definition of counter DAI/total DAI and Type 2 HARQ-Ack codebook construction and determining the last DCI for PUCCH resource determination

In RAN1#104-e meeting, we have following agreement for definition of counter DAI/total DAI and Type 2 HARQ-Ack codebook construction and determining the last DCI for PUCCH resource determination if two PDCCH candidates linked for repetition do not belong to the same PDCCH monitoring occasion.Agreement
If two PDCCH candidates that are linked for repetition do not belong to the same PDCCH monitoring occasion, the earlier PDCCH monitoring occasion is used as the reference for the following:
· Definition of counter DAI / total DAI and Type-2 HARQ-Ack codebook construction.
· Determining the last DCI for PUCCH resource determination based on the PRI field of the last DCI.


Based on this agreement, we propose the following TP with highlight words to capture this agreement.TS 38.213 section 9
In the remaining of this clause, when a PDCCH reception by a UE includes two PDCCH candidates from corresponding search space sets, as described in clause 10.1
-	a PDCCH monitoring occasion is the union of the PDCCH monitoring occasions for the two PDCCH candidates
-	the start of the PDCCH reception is the start of the earlier PDCCH candidate
-	the end of the PDCCH reception is the end of the PDCCH candidate that ends later
The PDCCH reception includes the two PDCCH candidates also when the UE is not required to monitor one of the two PDCCH candidates as described in clauses 10, 11.1, and 11.1.1. 
In the remaining of this clause, a last DCI format is the DCI format that a UE detects in a last PDCCH monitoring occasion from the PDCCH monitoring occasions for which the UE would provide HARQ-ACK information in a PUCCH in a same slot.
When the PDCCH reception includes the two PDCCH candidates, the earlier PDCCH monitoring occasion between the union of the PDCCH occasions for two PDCCH candidates is used as reference to determine the last DCI for PUCCH resource determination based on the PRI field of the last DCI. 
….
TS 38.213 section 9.1.3
At the end of the section, the following description can be added:
When the PDCCH reception includes the two PDCCH candidates, the earlier PDCCH monitoring occasion between the union of the PDCCH occasions for two PDCCH candidates is used as reference to define counter DAI, total DAI and Type 2 HARQ-Ack codebook construction. 







Restriction on paired search space setsTS 38.213 TS 38.213 section 10.1
For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with   search space sets where, for each search space set from the  search space sets, the UE is provided the following by SearchSpace: 
-	a search space set index ,  , by searchSpaceId 
-	… 
-	a search space set index by searchSpaceLinking for another search space set that is linked to search space set  
-	…

As above textbox shown the configuration for search space in TS 38.213, for each search space set, UE is provided a search space set index s and a search space set index by searchSpaceLinking for another search space set linked to search space set s. Based on available RAN1 agreement, the following restriction is made:
· 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
· Two linked SS sets are configured with the same number of candidates for each AL.
· SS set configured by recoverySearchSpaceId cannot be linked to another SS set for PDCCH repetition.
· The following SS sets cannot be linked with another SS set for PDCCH repetition: SS set 0, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace.
· When a scheduled CC is configured to be cross-carrier scheduled by a scheduling CC, two PDCCH candidates (with the same AL and candidate index associated with the scheduled CC) are linked only if the corresponding two SS sets in the scheduling CC are linked and two SS sets in the scheduled CC with the same SS set IDs are also linked.
Therefore, we propose to capture this restriction on linked search space sets in TS 38.213 or TS 38.331. 
Proposal 3: Capture the agreed list of configuration restriction on linked search space sets in TS 38.213 or TS 38.331. 
Discussion on PUCCH and PUSCH enhancement with multiple TRP
	RAN1 #104b-e
Agreement
For type 1 or type 2 CG based multi-TRP PUSCH repetition, 
· Introduce the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ 
· For type 1 CG based m-TRP PUSCH repetition, introduce the second fields of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers' in 'rrc-ConfiguredUplinkGrant'.
· For type 2 CG based M-TRP PUSCH, two SRIs/TPMIs are indicated via the activating DCI.
· FFS1: UL PT-RS port(s) and DM-RS port(s) for CG type 1
· FFS3: Details on RV mapping. 
· FFS4: Possible transmission occasion for initial transmission
· FFS5: Other TRP specific parameters in 'rrc-ConfiguredUplinkGrant', e.g., 'dmrs-SeqInitialization'.

RAN1 #105-e
Agreement
For type 2 CG based multi-TRP PUSCH repetition:
· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.
· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.
· Applying the first, second, or both first and second RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ is determined from the new DCI field (for dynamic switching) of the activating DCI similar to the case of DG-PUSCH.
RAN1 #106-e
Agreement
When DCI schedules a retransmission of CG-PUSCH for type 1 CG or type 2 CG (DCI with CRC scrambled with CS-RNTI and NDI=1) while the CG configuration is RRC-configured with two fields of power control parameters, apply the same procedure as DCI activation for CG type 2 agreed before, i.e.,
· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.
· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.
· Applying the first, second, or both first and second RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ is determined from the new DCI field (for dynamic switching) of the activating DCI similar to the case of DG-PUSCH.
Agreement
When a DCI that includes the new 2-bits DCI field for dynamic switching activates a type 2 CG or schedules a retransmission of a type 1 or type 2 CG, and the CG configuration is RRC-configured with only one set of power control parameters (one ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’):
· The UE expects the new DCI field for dynamic switching is set to “00”, and all PUSCH repetitions are associated with the first SRS resource set.
Agreement
For a BWP configured with two SRS resource sets for CB or NCB based mTRP PUSCH repetition with Type 1 CG configuration,
· If the CG is configured with only one field for each of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator', 'precodingAndNumberOfLayers', 'p0-PUSCH-Alpha' and 'powerControlLoopToUse', PUSCH repetitions are associated with the first SRS resource set.
Agreement
For mTRP type 1 CG PUSCH, when both srs-ResourceSetToAddModList and srs-ResourceSetToAdd ModListDCI-0-2 are configured with two SRS resource sets, the two SRS resource sets configured by srs-ResourceSetToAddModList is used to determine the SRS resource indications by two srs-ResourceIndicator fields of mTRP CG PUSCH.
Agreement
When fallback DCI (DCI format 0_0) activates a type 2 CG or schedules a retransmission of a type 1 or type 2 CG, and the CG configuration is RRC-configured with 2 sets of power control parameters (two ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’):
· The UE uses the first set of values for power control (first RRC-configured ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’).




There are some agreements about power control about CG based multi-TRP PUSCH transmission above. According to agreement of RAN1 #104b-e, two fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' will be configured in 'ConfiguredGrantConfig’ for type 1 or type 2 CG based multi-TRP PUSCH repetition. Furthermore, there is an agreement about the association between two SRS resource sets and two fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ for type 2 CG based multi-TRP PUSCH repetition in RAN1#105-e. However, there is no further agreement about the association between two SRS resource sets and two fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ for type 1CG based multi-TRP PUSCH repetition. There must be a similar agreement to specify the association between two SRS resource sets and two fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ for type 1CG based multi-TRP PUSCH repetition for as type 2 CG based multi-TRP PUSCH repetition. Therefore, we propose that:

Proposal 4: For type 1 CG based multi-TRP PUSCH repetition:
· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.
· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.

Besides, current description in TS38.213 [3] does not support two fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ for type 1 CG based multi-TRP PUSCH transmission. For DCI format 0_0 activates a type 2 CG or schedules a retransmission of a type 1 or type 2 CG, if two sets of power control parameters are configured in the CG configuration, first set of values for power control will be used. However, current description in TS38.213 neither covers this case. Therefore, we proposed the following TP.

	TS 38.213
7.1.1 UE behavior
< Unchanged parts are omitted >
-	For a PUSCH (re)transmission configured by ConfiguredGrantConfig, ,  is provided by p0-NominalWithoutGrant, or  if p0-NominalWithoutGrant is not provided. 
-	If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a retransmission of a configured grant Type 1 PUSCH, or for activation or retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format that includes a SRS resource set indicator field, and for active UL BWP  of carrier  of serving cell 
-	If the SRS resource set indicator value is 00, first  value is provided by the value of p0-PUSCH-Alpha in ConfiguredGrantConfig.
-	If the SRS resource set indicator value is 01, second  value is provided by the value of p0-PUSCH-Alpha2 in ConfiguredGrantConfig.
-	If the SRS resource set indicator value is 10 or 11, first and second  values are respectively provided by the values of p0-PUSCH-Alpha and by p0-PUSCH-Alpha2 in ConfiguredGrantConfig.
-	else if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a transmission of a configured grant Type 1 PUSCH, and for active UL BWP  of carrier  of serving cell 
-	a first  value is provided by the value of p0-PUSCH-Alpha in ConfiguredGrantConfig which is associated with the first srs-ResourceIndicator in rrc-ConfiguredUplinkGrant.
-	a second  value is provided by the value of p0-PUSCH-Alpha2 in ConfiguredGrantConfig which is associated with the second srs-ResourceIndicator in rrc-ConfiguredUplinkGrant.
-    else if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a retransmission of a configured grant Type 1 PUSCH, or for activation or retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format 0_0, and for active UL BWP  of carrier  of serving cell 
-	a first  value is provided by the value of p0-PUSCH-Alpha in ConfiguredGrantConfig.
-	else,  is provided by p0 obtained from p0-PUSCH-Alpha in ConfiguredGrantConfig that provides an index P0-PUSCH-AlphaSetId to a set of P0-PUSCH-AlphaSet, or by p0-PUSCH for a PUSCH (re)transmission as described in clause 19.1, for active UL BWP  of carrier  of serving cell 
< Unchanged parts are omitted >
-	For , 
-	If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a retransmission of a configured grant Type 1 PUSCH, or for activation or retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format that includes an SRS resource set indicator field, and for active UL BWP  of carrier  of serving cell 
-	If the SRS resource set indicator value is 00, first  value is provided by p0-PUSCH-Alpha in ConfiguredGrantConfig.
-	If the SRS resource set indicator value is 01, first  value is provided by p0-PUSCH-Alpha2 in ConfiguredGrantConfig.
-	If the SRS resource set indicator value is 10 or 11, first and second  values are respectively provided by p0-PUSCH-Alpha and p0-PUSCH-Alpha2 in ConfiguredGrantConfig.
-	else if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a transmission of a configured grant Type 1 PUSCH, and for active UL BWP  of carrier  of serving cell 
-	a first  value is provided by the value of p0-PUSCH-Alpha in ConfiguredGrantConfig which is associated with the first srs-ResourceIndicator in rrc-ConfiguredUplinkGrant.
-	a second  value is provided by the value of p0-PUSCH-Alpha2 in ConfiguredGrantConfig which is associated with the second srs-ResourceIndicator in rrc-ConfiguredUplinkGrant.
-    else if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a retransmission of a configured grant Type 1 PUSCH, or for activation or retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format 0_0, and for active UL BWP  of carrier  of serving cell 
-	a first   value is provided by the value of p0-PUSCH-Alpha in ConfiguredGrantConfig.
-	else  is provided by alpha obtained from p0-PUSCH-Alpha in ConfiguredGrantConfig providing an index P0-PUSCH-AlphaSetId to a set of P0-PUSCH-AlphaSet, or by alpha for a PUSCH (re)transmission as described in clause 19.1, for active UL BWP  of carrier  of serving cell 
< Unchanged parts are omitted >
-	If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a retransmission of a configured grant Type 1 PUSCH, or for activation or retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format that includes a SRS resource set indicator field, and for active UL BWP  of carrier  of serving cell 
-	If the SRS resource set indicator value is 00,  is equal to the value of powerControlLoopToUse in ConfiguredGrantConfig.
-	If the SRS resource set indicator value is 01,  is equal to the value of powerControlLoopToUse2 in ConfiguredGrantConfig.
-	If the SRS resource set indicator value is 10 or 11, a first  and a second  are respectively equal to powerControlLoopToUse and powerControlLoopToUse2 in ConfiguredGrantConfig.
-	If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a transmission of a configured grant Type 1 PUSCH, and for active UL BWP  of carrier  of serving cell 
-	a first  is equal to the value of powerControlLoopToUse in ConfiguredGrantConfig which is associated with the first srs-ResourceIndicator in rrc-ConfiguredUplinkGrant.
-	a second  is equal to the value of powerControlLoopToUse2 in ConfiguredGrantConfig which is associated with the second srs-ResourceIndicator in rrc-ConfiguredUplinkGrant.
-	else if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a retransmission of a configured grant Type 1 PUSCH, or for activation or retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format 0_0, and for active UL BWP  of carrier  of serving cell. 
-	 is equal to the value of powerControlLoopToUse in ConfiguredGrantConfig.
-	else, for a PUSCH (re)transmission configured by ConfiguredGrantConfig, the value of  is provided to the UE by powerControlLoopToUse in ConfiguredGrantConfig.
< Unchanged parts are omitted >





	RAN1 #106e
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), per TRP default P0, alpha, PL-RS, and closed loop index is defined by,  
· 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-PowerControl associated 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.

RAN2 #116b-e
Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList




According to agreement of RAN1 #106b-e shown above, the first PL-RS is corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and the second PL-RS is corresponding to the first sri-PUSCH-PowerControl associated with the second SRS resource set. And there is an agreement in RAN2 #116b-e shown above that two sri-PUSCH-MappingToAddModList will be configured for multi-TRP PUSCH. However, current description in TS38.213 says that the UE determines first and second RS resource indexes  from respective PUSCH-PathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlId = 0 and sri-PUSCH-PowerControlId = 1 which is not mapped to the agreement. Therefore, we proposed the following TP.
	TS 38.213
7.1.1 UE behavior
< Unchanged parts are omitted >
-	If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, a mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id values can be updated by a MAC CE as described in [11, TS 38.321]
-	For a PUSCH transmission scheduled by a DCI format that does not include an SRI field, or for a PUSCH transmission configured by ConfiguredGrantConfig and activated, as described in clause 10.2, by a DCI format that does not include an SRI field, the UE determines a RS resource index  from the PUSCH-PathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlId = 0. If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', the UE determines first and second RS resource indexes  from respective PUSCH-PathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlId = 0 of sri-PUSCH-MappingToAddModList and sri-PUSCH-PowerControlId = 0 1 of sri-PUSCH-MappingToAddModList2 respectively.
< Unchanged parts are omitted >




A new 2-bit field in DCI for dynamically switching PUSCH transmission between S-TRP and M-TRP is introduced. For single DCI based M-TRP PUSCH Type B repetition schemes with maxRank = 2, each bit of PT-RS-DMRS association field in DCI is used for indicating the association between PT-RS port and DMRS port for each TRP. But for PUSCH type B transmission to S-TRP, the UE’s behavior is unclear since whether the corresponding bit is used or two-bit PT-RS-DMRS association field is used as in Rel-15/16 is not discussed. And current description in TS38.212 [4] does not cover indicating PT-RS-DMRS association for PUSCH repetition type B in S-TRP. 
We prefer to use legacy 2-bit PT-RS-DMRS association field to indicate the association between PT-RS port and DMRS port for PUSCH type B single TRP transmission, and propose the following TP.
	TS 38.212
7.3.1.1.2 Format 0_1
< Unchanged parts are omitted >
-	PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1;
[bookmark: OLE_LINK40]-	2 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) when one PT-RS port and two PT-RS ports are configured by maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports field. When the SRS resource set indicator field is present and maxRank>2, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26. When the SRS resource set indicator field is present and is equal “10” and “11” and maxRank=2, the MSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator and/or Precoding information and number of layers field, and the LSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to Second SRS resource indicator field and/or Second Precoding information field, according to Table 7.3.1.1.2-25A. When the SRS resource set indicator field is present and is equal “00” and “01” and maxRank=2, the field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator and/or Precoding information and number of layers field, according to Table 7.3.1.1.2-25.
< Unchanged parts are omitted >

7.3.1.1.3 Format 0_2
< Unchanged parts are omitted >
-	PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1;
-	2 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) when one PT-RS port and two PT-RS ports are configured by maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports field. When the SRS resource set indicator field is present and maxRank>2, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26. When the SRS resource set indicator field is present and is equal “10” and “11” and maxRank=2, the MSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator and/or Precoding information and number of layers field, and the LSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to Second SRS resource indicator field and/or Second Precoding information field, according to Table 7.3.1.1.2-25A. When the SRS resource set indicator field is present and is equal “00” and “01” and maxRank=2, the field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator and/or Precoding information and number of layers field, according to Table 7.3.1.1.2-25.
< Unchanged parts are omitted >




Proposal 5: Clarify the interpretation of PT-RS-DMRS association for PUSCH Type B transmission to S-TRP and support the TP.
Conclusions
As a summary, we have the following proposals on PDCCH, PUCCH and PUSCH enhancements with multi-TRP:
Proposal 1: If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, the same d1,1 determination scheme for UE doing selective decoding can be used for UE doing soft decoding, where d1,1 for PDSCH processing time is determined by considering the PDCCH candidate that results in larger d1,1 value when UE makes soft combination. 
Proposal 2: If two PDCCH candidates with AL8 and AL16 have the same start CCE in a CORESET with one OFDM symbol, UE expects the linked AL8 candidate and the linked AL16 candidate in the second SS set to also have the same start CCE if the second SS set has lower ID compared to the first SS set when the two PDCCH candidates are in a first SS set that is linked to a second SS set.
Proposal 3: Capture the agreed list of configuration restriction on linked search space sets in TS 38.213 or TS 38.331. 
Proposal 4: For type 1 CG based multi-TRP PUSCH repetition:
· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.
· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.
Proposal 5: Clarify the interpretation of PT-RS-DMRS association for PUSCH Type B transmission to S-TRP and support the TP.
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