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Introduction
In RAN1#106bis-e,  further agreements were made on PDCCH, PUSCH, and PUCCH enhancements for multi-TRP in NR Rel-17.  In this contribution, we discuss our views on some remaining design details.
[bookmark: _Ref178064866]Discussion
PDCCH Enhancements 
In RAN1#106bis-e, the following agreements were reached on PDCCH enhancements Error! Reference source not found.. In this subsection, we discuss our views on some remaining issues.Agreement
When 3 BDs are counted for two linked candidates 
· The third BD is counted in the later span for inter-span PDCCH repetition when r16monitoringcapablity is configured.
· Note: Inter-span repetition is UE optional

Agreement
The following SS sets cannot be linked with another SS set for PDCCH repetition: SS set 0, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace.

Agreement
Confirm the Working assumption in RAN1 #106-e:
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.
FFS: How above applies for UEs doing soft combining

Conclusion
PDCCH order with PDCCH repetitions with different beams triggering CFRA for SpCell is not supported in Rel-17.

Agreement
For two pairs of linked PDCCH candidates, UE is not expected to handle the case where a first PDCCH candidate from the first pair of linked candidates to overlap (same CORESET, DCI size, CCEs, scrambling) with a second PDCCH candidate from the second pair of linked candidates.

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)
For RAN1#107-e:
To handle UE complexity / memory requirements for linked PDCCH candidates, down-select among the following in RAN1 #107-e
· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following
· Alt 1-1: Total number of linked candidates of which the first candidate is received and the second one has not been received at any given time
· Alt1-2: Total number of linked candidates in a slot
· FFS: Whether limit is per CC or across all CCs.
· FFS: Whether limit is per AL or irrespective of AL
· Alt2: Address the issue by adding a restriction such as: For a pair of linked MO’s, UE does not expect to be configured with any other linked MO in between the pair of linked MO’s
· FFS: Whether restriction is per CC or across all CCs.
· FFS: Whether the same restriction applies when one or more individual MO’s are in between the pair of linked MO’s
· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities
· Note: This capability may be needed irrespective of this issue but may address the issue at a coarser granularity.
· Alt4: There is no need to further discuss this issue

Working Assumption
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
For PDCCH repetition
· When DCI format 2_1 is detected in linked PDCCH candidates, for determination of set of symbols that interrupted transmission indication in DCI format 2_1 is applied to, the candidate that starts earlier in time is the reference PDCCH candidate.
· When DCI format 2_4 is detected in linked PDCCH candidates, for the “first symbol of the PDCCH reception providing the DCI format 2_4” on the conditions for applicability / validity of cancelation indication in 38.213 (which is relative to a DCI format that schedules PUSCH/SRS), the candidate that starts earlier in time is the reference PDCCH candidate.
· The following legacy rule is followed when the candidate that ends later in time is received outside the first three symbols of the slot: “38.214: When the DCI format 0_1 or 1_1 with 'Minimum applicable scheduling offset indicator' field is received outside the first three symbols of the slot, value of Zµ from Table 5.3.1-1 is incremented by one before determining the application delay X”
Agreement
Further study the following issues for PDCCH repetition:
· Issue a: QCL-Type D assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD.
· Issue b: For PDCCH repetition of DCI format 1_0 on two linked CSS, in order to determine the value of  for mapping VRB to PRB of a scheduled PDSCH
· Issue c: PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption
· Issue d: With Type-1 HARQ-ACK codebook, and the SPS release PDCCH repetition, to determine the location of the HARQ-ACK bit of the SPS release PDCCH

Conclusion
There is no consensus to introduce RRC configuration for the number of BDs.   

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 a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple monitored overlapping CORESETs, support
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· In the case of no such SS set pair, a second QCL-TypeD is not determined
· Note 1: simultaneous two beam reception for PDCCH repetition is UE optional
· Note 2: It can be separately discussed whether/how this feature interacts with multi-DCI based mTRP or with SFN PDCCH

Agreement
For PDCCH repetition
· When DCI format 2_4 is detected in linked PDCCH candidates, for determination of set of symbols that cancelation indication in DCI format 2_4 is applied to, the candidate that ends later in time is the reference PDCCH candidate
· When the DCI format that triggers a SS set group switching is detected in linked PDCCH candidates, for the switching timeline (P_switch), the candidate that ends later in time is the reference PDCCH candidate
· When a DCI format 2_2/2_3 with TPC command is detected in linked PDCCH candidates, to determine whether the TPC command is within the TPC application time window or not, the candidate that ends later in time is the reference PDCCH candidate
· For timeline between PDCCH spans carrying BWP switching and CSI trigger respectively, take the span that involves the PDCCH candidate that ends later in time as the reference
· To determine the conditions for receiving SPS PDSCH release DCI and the SPS PDSCH in the same slot, the PDCCH candidate that ends later in time must end before the end of the SPS PDSCH


RRC configuration for number of BDs 
In RAN1#104bis-e, an agreement was reached on reporting of the number of blind decodes, based on UE capability, for PDCCH detection over two PDCCH candidates linked for PDCCH repetition. There are some remaining FFS items as follows: 
· Default behaviour
· Whether 3BDs imply that UE supports soft combining
· RRC configuration based on reported UE capability

If the UE supports PDCCH repetition, then it should support decoding of PDCCH based on each individual PDCCH candidates (aka, selective decoding), by default. If the UE supports PDCCH repetition, then it should support both 2 and 3 BDs corresponding to selective decoding and selective decoding plus soft combining, respectively.
[bookmark: _Toc87043110]In case of PDCCH repetition, 2BDs should be the default and UE can report “3” BDs as a UE capability for supporting soft combining. 
If the UE has reported 3 BDs, then the network indicates to the UE whether it should use 3 or 2 BD, i.e., whether it should use soft combining or not.   
In addition, RRC signaling is needed to configure the UE with 2 or 3 BD according to the RAN2 guidelines in LS (R2-2002292.zip) which states:
5 	Avoid defining functionality that has no RRC configuration but is dependent on capability bits.
The specification should not be written so that the network determines what configuration it can use for a UE implicitly by the reported UE capabilities. Instead, the gNB should always configure the UE explicitly by DL RRC signalling, respecting  the reported capabilities. 
A problematic case in Rel-15 was the UL/DL MIMO layers, which resulted in a late-stage introduction of explicit MIMO signalling support by RAN2 (maxLayersMIMO-Indication).  
Hence, we propose
[bookmark: _Toc87043111][bookmark: _Toc68648964]For a UE that support 3 BDs, the network can configure by using RRC, the UE to use of 3 BDs.  Default is 2 BDs (no RRC signaling needed)
[bookmark: _Toc87043112]If 3 BDs are configured by RRC, then the UE performs both selective decoding and soft combining of the two linked PDCCH candidates.
Overbooking
In RAN1#106e,  the following agreement was made:
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 RAN1#106bis-e, an agreement was reached for case 1 above. For Case 2,  majority companies support Alt.1-2 while a few companies support Alt.1-1.  For Alt.1-1, two steps would be used to check for a linked SS set with higher ID, i.e., 
· Step 1:  2 BDs are counted for each PDCCH candidate in the SS set and overbooking status is checked. If the number of BDs exceeds the limit, a second step is taken.
· Step 2:  1 BD is counted for each PDCCH candidate in the SS set and overbooking status is checked again. If the number of BDs exceeds the limit, the SS set is dropped, otherwise the SS set is kept, and 2 BDs are assumed for both of the linked SS sets. 

Alt.1-1 implies that 2BDs are assumed in some linked SS sets and 3BDs in other linked SS sets. In our view, Alt. 1-2 is more straightforward. Hence, we have the following proposal:
[bookmark: _Toc87043113][bookmark: _Toc68648968]For overbooking in the PCell for USS with two linked SS sets in the same slot/span, in case of 3 BDs overbooking is per individual SS set as in Rel. 15/16 and the third BD is counted as part of the SS set with higher ID.

Ambiguity issue between AL8 and AL16
In RAN1#106bis-e, a few companies pointed out an ambiguity issue in interpreting the timeline when a linked PDCCH candidate of aggregation levels 8 (or 16)  overlaps with an individual PDCCH candidate (or another linked PDCCH candidate of a different pair  of SS sets) of AL16 (or AL8) with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol.  An agreement was made below to further study the issue in this meeting.

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)
The different cases are illustrated in Figure 1.  For case a,  if a DCI is detected  in a AL8  PDCCH candidate in SS set 3, it can be either a DCI  sent in SS set 3 or in the linked SS sets with AL16.  In this case,  the ambiguity can be resolved if Rel-17 timeline is always used.
For case b,  if a DCI is detected  in a AL8  PDCCH candidate in SS set 1, it can be either a DCI  sent in SS set 3 with AL16 or in the linked SS sets with AL8.  In this case,  again the ambiguity can be resolved if Rel-17 timeline is always used.  
For case c1,  if a DCI is detected  in a AL8  PDCCH candidate in SS sets 1 and 2, it can be either a DCI  sent in SS sets 1 and 2 with AL8 or in the linked SS sets 3 and 4 with AL16.  In this case,  if the two linked pairs have different timelines, the ambiguity cannot be resolved.  
For case c2,  there is a single timeline  for both AL8 and AL16, thus there is no timeline issue.  
Therefore, we have the following proposals: 
[bookmark: _Toc87043114]When a linked PDCCH candidate of aggregation levels 8 (or 16)  overlaps with an individual PDCCH candidate  of AL16 (or AL8) with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol, the timeline of the linked PDCCH candidates is used.
[bookmark: _Toc87043115]A linked PDCCH candidate of aggregation levels 8 (or 16)  is not expected to be overlapped with another linked PDCCH candidate of aggregation levels 16 (or 8)  with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol.
[image: ]
[bookmark: _Ref86780875]Figure 1: Different cases of time overlapping SS sets with AL8 and AL16.
UE complexity / memory requirements for linked PDCCH candidates
In RAN1#106bis-e, the following agreement was reached on UE complexity/memory requirements for linked PDCCH candidates:
For RAN1#107-e:
To handle UE complexity / memory requirements for linked PDCCH candidates, down-select among the following in RAN1 #107-e
· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following
· Alt 1-1: Total number of linked candidates of which the first candidate is received and the second one has not been received at any given time
· Alt1-2: Total number of linked candidates in a slot
· FFS: Whether limit is per CC or across all CCs.
· FFS: Whether limit is per AL or irrespective of AL
· Alt2: Address the issue by adding a restriction such as: For a pair of linked MO’s, UE does not expect to be configured with any other linked MO in between the pair of linked MO’s
· FFS: Whether restriction is per CC or across all CCs.
· FFS: Whether the same restriction applies when one or more individual MO’s are in between the pair of linked MO’s
· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities
· Note: This capability may be needed irrespective of this issue but may address the issue at a coarser granularity.
· Alt4: There is no need to further discuss this issue
For PDCCH repetition within a same span, we think the UE complexity and memory requirement are already reflected in the number of BDs  counted for the linked candidates including soft combining. In fact,  since the same PDCCH is repeated, simple symbol level MRC combing can be performed instead of bit level soft combining. Any additional UE complexity /memory requirement in handling the linked PDCCH candidates should be insignificant and further restriction on the linked SS sets is not necessary.  
In case of PDCCH repetition across two spans, some extra memory is  indeed needed to store the PDCCH candidates  before receiving the linked candidates in a different span in case of soft combining.  In this case, some restriction may be considered.  For this purpose,  Alt.3 is a better option in our view. 
[bookmark: _Toc87043116]For intra-span PDCCH repetition,  no further restriction is needed.
[bookmark: _Toc87043117]For inter-span PDCCH repetition, some restriction can be considered in handling UE complexity and memory requirement. 

Other Issues
In RAN1#106bis-e, some other issues were identified by some companies and the following agreement was made to study the issues further in RAN1#107bis-e:

Agreement
Further study the following issues for PDCCH repetition:
· Issue a: QCL-Type D assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD.
· Issue b: For PDCCH repetition of DCI format 1_0 on two linked CSS, in order to determine the value of  for mapping VRB to PRB of a scheduled PDSCH
· Issue c: PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption
· Issue d: With Type-1 HARQ-ACK codebook, and the SPS release PDCCH repetition, to determine the location of the HARQ-ACK bit of the SPS release PDCCH

[bookmark: _Hlk86657640]For Issue a,  monitoring PDCCH should have a higher priority than receiving CSI-RS. There can be two scenarios:
· Scenario 1:  the QCL-D of the CSI-RS is the same as QCL-D of one of the CORESETs. In this case, naturally  the configured QCL-D of the CSI-RS would be assumed by the UE.
· Scenario 2: none of the QCL-Ds of the multiple CORESETs is the same as the CSI-RS.  In this case, one of the CORESET’s QCL-D could be assumed.  There are two further scenarios:
· Scenario 2a: The CSI-RS is periodic or SP CSI-RS.  In this case, the measurement on the overlapping CSI-RS would be on a different beam than the configured beam and thus, the CSI would be different. If measurement restriction is not enabled, then averaging the measurements over multiple time instances doesn’t make much sense.  Therefore, another options may be that the CSI-RS is ignored by the UE.  
· Scenario 2b:  The CSI-RS is aperiodic CSI-RS.  In case of aperiodic CSI-RS, the reported CSI  based on the CSI-RS  would reflect the channel of the CORESET beam and gNB is aware of the overlap and can interpret the CSI accordingly. 

Based on the above, we have the following proposal:
[bookmark: _Toc87043118]When an aperiodic CSI-RS with higher layer parameter repetition is not set to 'on' overlaps in time with multiple CORESETs and the configured QCL-D of the CSI-RS is the same as one of the CORESETs,  the QCL-D configured for the CSI-RS is assumed for the CSI-RS. 

[bookmark: _Toc87043119]When a CSI-RS with higher layer parameter repetition is not set to 'on' overlaps in time with multiple CORESETs and the configured QCL-D of the CSI-RS is different than any of the CORESETs,  the QCL-D of the CORESET with the lowest ID is assumed for the CSI-RS. 

For Issue b,  it is about how to determine the starting  PRB index,  ,  for VRB to PRB mapping for PDSCH scheduled by DCI format 1_0 in two linked  type 3 CSS sets.  There seems to be a few options:
· Option 1.  Restricting the two CORESETs associated with the two linked type 3 CSS sets to have the same starting RB
· Option 2.  The lowest starting RB between the two CORESETs is used
· Option 3:  The starting RB of one of the CORESETs is used

Option 1 is a bit too restrictive.  Both Options 2 and 3 should work.  Option 2 is slightly preferred.

[bookmark: _Toc87043120]For PDCCH repetition of DCI format 1_0 on two linked CSS with two associated CORESETs,   for mapping VRB to PRB of a scheduled PDSCH by the DCI is determined by the lowest starting RB of the two CORESETs.

For issue c,  the issue is that  when a PDSCH is scheduled by  PDCCH repetition  and  one the PDCCH candidate is dropped due to interruption, whether the PDSCH should be rate matched around the dropped PDCCH candidate.  In our opinion,  it would be simpler to rate match around the dropped PDCCH candidate.
[bookmark: _Toc87043121]When a PDSCH is scheduled by PDCCH repetition and one of the scheduling PDCCH candidates  is dropped due to interruption, the PDSCH is still rate matched around the dropped PDCCH candidate if applicable.

For issue d,  the issue is that  for Type-1 HARQ-ACK codebook, and when the SPS PDSCH release is indicated by PDCCH repetition in a slot in one cell with one numerology for scheduling a SPS PDSCH in another cell with a different numerology, and the PDCCH repetition overlaps in time with more than one SPS PDSCH occasions, how to determine the location of the HARQ-ACK bit in the HARQ-ACK CB for the SPS PDSCH release. In this case, it seems to make sense that the overlapping SPS PDSCHs should not be transmitted and the A/N for the SPS PDSCH overlapping with the PDCCH candidate ended later in time is replaced with A/N for the SPS PDSCH release. This is illustrated in Figure 2 as an example. 
[image: ]
[bookmark: _Ref86782879]Figure 2: An example of sending  HARQ A/N of a SPS PDSCH release in a type 1 HARQ-ACK CB.
[bookmark: _Toc87043122]When a SPS release is indicated by PDCCH repetition in a slot in one cell with one numerology for a SPS in another cell with a different numerology, and the PDCCH repetition overlaps in time with more than one SPS PDSCH occasions, the overlapped SPS PDSCHs should not be transmitted and the A/N for the last SPS PDSCH overlapping with the PDCCH candidate ended later in time is replaced with A/N for the SPS release. 
PUSCH Enhancements 
In the last RAN1 meeting, the following agreements were reached on PUSCH enhancements [1]. In this sub-section, we discuss the remaining issues and present our views.[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 CB based mTRP PUSCH repetition, the number of SRS ports indicated by the two SRIs should be the same. 
· Note: This is to clarify an older agreement on the indication of two SRIs/TPMIs, where it mentioned that “The number of SRS ports between two TRPs should be same”.  
· FFS: Whether or not this has specification impact

Agreement
Confirm the following working assumption (with additional note in RED)
For non-codebook based multi-TRP PUSCH repetition, select Alt.2. 
· Alt. 2: the actual number of PT-RS ports corresponding to the 1st SRS resource set can be different from the actual number of PT-RS ports corresponding to the 2nd SRS resource set.
Note: Capturing any spec impact related to this is up to the Editor.

Agreement
On the number of SRS resources configured in the two SRS resource sets, select Alt.1, 
· Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. 

Conclusion
For the indication of  PTRS-DMRS association for maxRank = 2 in mTRP PUSCH repetition type B, the Table used to indicate the association between PTRS port(s) and DMRS port(s) (i.e., Table 7.3.1.1.2-25 or 7.3.1.1.2-26 in 38.212) shall be determined based on legacy procedure (i.e., Tables are associated with the maxNrofPorts in PTRS-UplinkConfig).

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
If a UE does not support option 4 (Calculate two PHRs),
· If the PHR reporting is actual PHR, the UE uses the set of power control parameters corresponding to a first (earliest) repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted.
· If the PHR reporting is virtual PHR, it is reported based on legacy procedures.
· Note: RAN2 may further discuss PHR triggering aspects related to mTRP PUSCH repetition
 

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.
 
Conclusion
For Rel-17 mTRP PUSCH repetition, the UE may not need to consider following overlapping scenarios,
· One SRS resource for CB collides with another SRS resource for CB.
· One SRS resource for non-CB collides with another SRS resource for non-CB in another resource set.
 
Agreement
For the indication of PTRS-DMRS association for maxRank > 2 in mTRP PUSCH repetition type B, select Option 1
· Option 1 (4 bits): with a second PTRS-DMRS association field (similar to the existing field), and each field separately indicating the association between PTRS port and DMRS port for two TRPs.




Per TRP Frequency Hopping for PUSCH Repetition Type B 
In Rel-15, both inter-slot and intra-slot frequency hopping (FH) are supported for PUSCH. In Rel-16, for PUSCH repetition Type B, both inter-repetition frequency hopping and inter-slot frequency hopping are supported. For inter-slot PUSCH repetition type A, both intra-slot and inter-slot FH are supported. 
In case of PUSCH repetition to m-TRP, whether FH is per TRP or across both TRPs is a question. FH is used to provide frequency diversity while PUSCH repetition to m-TRP is used to provide spatial diversity. Instead of transmitting a PUSCH in one frequency to one TRP and in another frequency to the other TRP, it is desirable to combine the two diversity methods such that frequency diversity is achieved for each TRP.  For inter-slot PUSCH repetition, this can be achieved with intra-slot FH for cyclic mapping or with sequential mapping. For intra-slot repetition with cyclic mapping, the only way to achieve it is to introduce per TRP inter-repetition FH.  Therefore, per TRP inter-repetition FH for repetition type B should be supported in our view. 
[bookmark: _Toc87043123]Support per TRP inter-repetition frequency hopping in case of intra-slot repetition.
Minimal gap between NZP-CSI-RS and aperiodic NCB SRS
[bookmark: _Toc68646507]In RAN1#106bis-e, the following agreement was made on minimum time gap between NZP CSI-RS and corresponding aperiodic NCB SRS when two aperiodic SRS resource sets are triggered:
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.

Alt.1 assumes serial UE processing  with a single processing engine and in case of overlapping, the all the SRS triggered are delayed by the number of overlapping symbols.   In our view,  the first trigger SRS should not be impacted, only the SRS triggered later may be delayed as illustrated in Figure 3, where CSI-RS #2 is stored and processed after finishing processing CSI-RS #1. 

[image: ]
[bookmark: _Ref86955871]Figure 3: Serial processing.
In Alt.2, a second CSI-RS is not allowed to be sent util after the first CSI-RS has been processed, which is stricter than Alt.1.

In Alt.3, a UE indicates whether it can support parallel processing  and if it is not supported,  overlapping  triggering is not allowed.

 In our view, even a UE supporting only serial processing, the example shown in Figure 3 should be supported.  So, we have the following proposal:
[bookmark: _Toc87043124]For NCB based mTRP PUSCH repetition, when two aperiodic SRS resource sets are triggered in an overlapped manner in time domain,  the minimal gap between the SRS triggered later in time and associated NZP-CSI-RS is 42 + d OFDM symbols, where d is the number of overlapped symbols for the two pairs of associated NZP-CSI-RS and aperiodic SRS resource sets.
2nd fields for Type 1 CG
In RAN1#104e, the following agreement was reached to introduce some second fields in 'rrc-ConfiguredUplinkGrant'  for mTRP CG  PUSCH transmissions. 
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’ 
· [bookmark: _Hlk86937946]For type 1 CG based m-TRP PUSCH repetition, introduce the second fields of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers' in 'rrc-ConfiguredUplinkGrant'.
· For type 2 CG based M-TRP PUSCH, two SRIs/TPMIs are indicated via the activating DCI.
· FFS1: UL PT-RS port(s) and DM-RS port(s) for CG type 1
· FFS3: Details on RV mapping. 
· FFS4: Possible transmission occasion for initial transmission
· FFS5: Other TRP specific parameters in 'rrc-ConfiguredUplinkGrant', e.g., 'dmrs-SeqInitialization'.
In RAN1#106bis-e,  it was further clarified that when a single field in configured for a type 1 CG PUSCH, the parameters 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

· [bookmark: _Hlk86938571]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.

However, it is unclear when the second fields are present in 'rrc-ConfiguredUplinkGrant' , which SRS resource set they are associated to.  In our view, it would be nature and straightforward to associate the first fields to the first SRS resource set and the second fields, if present, to the second SRS resource set.  So, we have the following proposal
[bookmark: _Toc87043125]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 two fields for each of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator', 'precodingAndNumberOfLayers', 'p0-PUSCH-Alpha' and 'powerControlLoopToUse', the first and second fields are associated with the first and second SRS resource sets, respectively.

Furthermore, if a second field of 'precodingAndNumberOfLayers' and/or is configured in 'rrc-ConfiguredUplinkGrant' for type 1 CG PUSCH. It is our understanding that the field consists of both TPMI and number of layers associated to the second SRS resource set.  
Similarly,  when a second field for 'srs-ResourceIndicator' is configured  in 'rrc-ConfiguredUplinkGrant' for none-codebook based type 1 CG PUSCH, it is our understanding that  the SRI indicates both the number of layers and the SRS resources in the second SRS resource set. 
For type 1 CG PUSCH, it is a common understanding that the number of layers associated to the two SRS resource sets should also be the same.  However, there seems to be no specific agreement to state that. Since the number of layers is configured per SRS resource set for mTRP CG PUSCH, there is a potential that different numbers of layers could be configured in the first and second fields if specific statement is not made.  Therefore,  we have the following proposal:
[bookmark: _Toc87043126]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.

Codebook based PUSCH 
In codebook based PUSCH, a UE may report its capability with one of   'fullyAndPartialAndNonCoherent',  'partialAndNonCoherent',  and  'nonCoherent'.  In case of mTRP PUSCH, it seems to make sense that the UE capability is applicable to PUSCH transmissions associated with both of the two SRS resource set and thus, only one set of UE capability is reported.  Therefore, we have the following proposal:
[bookmark: _Toc87043127]For codebook based mTRP PUSCH, the UE capability on 'fullyAndPartialAndNonCoherent', 'partialAndNonCoherent', or 'nonCoherent' is applicable to PUSCH transmissions associated to both SRS resource sets. 
SRI to PUSCH Power Control Mapping
Dynamic switching between sTRP PUSCH and mTRP PUSCH has been agreed.  In case of sTRP PUSCH,  a UE can be indicated in DCI on which TRP the PUSCH is to be transmitted towards. For sTRP PUSCH transmission to either one of two TRPs, the first SRI field in DCI is used to indicate the SRS resource(s) in the corresponding SRS resource set and in case of non-codebook based PUSCH, also the number of layers.  
When a non-codebook based sTRP PUSCH is indicated to be transmitted a TRP associated to the second SRS resource set,  the SRI would indicate both the number of layers and the SRS resource(s) in the 2nd  SRS resource set.  An example is shown in Table 1, where the SRI ranges from 0 to 3 for 2 SRS resources and up to 2 layers.  The SRI can be used to look up a set of power control parameters associated to the 2nd SRS resources set.  
When a non-codebook based mTRP PUSCH is indicated, the first SRI field in the DCI would indicate the number of layers and the SRS resource(s) in the 1st SRS resource set, and the second SRI field in the DCI would be used to indicate only the SRS resource(s) in the 2nd SRS resource set.  An example is shown in Table 2, where the SRI ranges from 0 to 1 for the same SRS resource set and layer limit. 
[bookmark: _Ref86943314]So, the SRI value range in case of sTRP  PUSCH is different than that of the 2nd SRI in case of mTRP PUSCH.  If the SRI to PUSCH power control mapping is designed based on the SRI value range in case of sTRP  PUSCH, the SRI in the 2nd SRI field cannot be used directly to lookup in the mapping.  For example,  for rank 2 and SRS resources #0 and 1,  SRI=2 for sTRP PUSCH and SRI=0 for mTRP PUSCH as shown in Table 1 and Table 2, respectively.  



Table 1: legacy SRI table for two SRS resources and maximum 2 layers
[image: ]
[bookmark: _Ref86943324]Table 2: new SRI table for the second SRI field
[image: ]
For the 2nd SRI field in DCI for non-codebook based PUSCH, to the correctly determine the power control parameters in the SRI to PUSCH power control mapping configured for the second SRS resource set,  the following steps can be used:
· Step 1:  the SRI in the 2nd SRI field in DCI  is used to determine SRS resource(s) in the 2nd SRS resource set  (e.g., SRI=0 for 2 layers in Table 2 identifies  SRS resources #0 and #1 in the above example)
· Step 2:   the SRS resources are then used to identify  a new SRI in a legacy SRI table for the given number of SRS resources in the SRS resource set and maximum number of layers (e.g., SRI=2 in Table 1)
· Step 3:   the new SRI is used to identify a set of PUSCH power control parameters by looking up in the SRI-to-PUSCH Power mapping

The exact steps can be UE implementation dependent, but some clarification may be needed. Therefore, we have the following proposal:
[bookmark: _Toc87043128]For non-codebook based mTRP PUSCH scheduled by a DCI,  the SRI indicated in the 2nd SRI field is used to determine a new SRI in a corresponding legacy SRI table for the indicated  SRS resources and number of layers. The new 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. 



PUCCH Enhancements

Collision Handling
In Rel-15 for PUCCH repetitions to a single TRP, a set of rules has been defined to handle collisions between  a first PUCCH with repetitions over multiple slots and  a second PUCCH or PUSCH over one or more slots.  For PUCCH repetitions to multiple TRPs, transmissions to different TRPs should have the same priority and should be treated equally. Therefore, the same rules defined in Rel-15 can be used. 
[bookmark: _Toc87043129]Rel-15 collision handling for PUCCH repetition is applied for PUCCH repetition to m-TRP.
Conclusion
In this paper, we have discussed some remaining issues and possible solutions related to PDCCH, PUSCH and PUCCH enhancement for multiple TRPs.  Based on the discussions, we propose the following:
Proposal 1	In case of PDCCH repetition, 2BDs should be the default and UE can report “3” BDs as a UE capability for supporting soft combining.
Proposal 2	For a UE that support 3 BDs, the network can configure by using RRC, the UE to use of 3 BDs.  Default is 2 BDs (no RRC signaling needed)
Proposal 3	If 3 BDs are configured by RRC, then the UE performs both selective decoding and soft combining of the two linked PDCCH candidates.
Proposal 4	For overbooking in the PCell for USS with two linked SS sets in the same slot/span, in case of 3 BDs overbooking is per individual SS set as in Rel. 15/16 and the third BD is counted as part of the SS set with higher ID.
Proposal 5	When a linked PDCCH candidate of aggregation levels 8 (or 16)  overlaps with an individual PDCCH candidate  of AL16 (or AL8) with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol, the timeline of the linked PDCCH candidates is used.
Proposal 6	A linked PDCCH candidate of aggregation levels 8 (or 16)  is not expected to be overlapped with another linked PDCCH candidate of aggregation levels 16 (or 8)  with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol.
Proposal 7	For intra-span PDCCH repetition,  no further restriction is needed.
Proposal 8	For inter-span PDCCH repetition, some restriction can be considered in handling UE complexity and memory requirement.
Proposal 9	When an aperiodic CSI-RS with higher layer parameter repetition is not set to 'on' overlaps in time with multiple CORESETs and the configured QCL-D of the CSI-RS is the same as one of the CORESETs,  the QCL-D configured for the CSI-RS is assumed for the CSI-RS.
Proposal 10	When a CSI-RS with higher layer parameter repetition is not set to 'on' overlaps in time with multiple CORESETs and the configured QCL-D of the CSI-RS is different than any of the CORESETs,  the QCL-D of the CORESET with the lowest ID is assumed for the CSI-RS.
Proposal 11	For PDCCH repetition of DCI format 1_0 on two linked CSS with two associated CORESETs,   for mapping VRB to PRB of a scheduled PDSCH by the DCI is determined by the lowest starting RB of the two CORESETs.
Proposal 12	When a PDSCH is scheduled by PDCCH repetition and one of the scheduling PDCCH candidates  is dropped due to interruption, the PDSCH is still rate matched around the dropped PDCCH candidate if applicable.
Proposal 13	When a SPS release is indicated by PDCCH repetition in a slot in one cell with one numerology for a SPS in another cell with a different numerology, and the PDCCH repetition overlaps in time with more than one SPS PDSCH occasions, the overlapped SPS PDSCHs should not be transmitted and the A/N for the last SPS PDSCH overlapping with the PDCCH candidate ended later in time is replaced with A/N for the SPS release.
Proposal 14	Support per TRP inter-repetition frequency hopping in case of intra-slot repetition.
Proposal 15	For NCB based mTRP PUSCH repetition, when two aperiodic SRS resource sets are triggered in an overlapped manner in time domain,  the minimal gap between the SRS triggered later in time and associated NZP-CSI-RS is 42 + d OFDM symbols, where d is the number of overlapped symbols for the two pairs of associated NZP-CSI-RS and aperiodic SRS resource sets.
Proposal 16	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 two fields for each of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator', 'precodingAndNumberOfLayers', 'p0-PUSCH-Alpha' and 'powerControlLoopToUse', the first and second fields are associated with the first and second SRS resource sets, respectively.
Proposal 17	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.
Proposal 18	For codebook based mTRP PUSCH, the UE capability on 'fullyAndPartialAndNonCoherent', 'partialAndNonCoherent', or 'nonCoherent' is applicable to PUSCH transmissions associated to both SRS resource sets.
Proposal 19	For non-codebook based mTRP PUSCH scheduled by a DCI,  the SRI indicated in the 2nd SRI field is used to determine a new SRI in a corresponding legacy SRI table for the indicated  SRS resources and number of layers. The new 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.
Proposal 20	Rel-15 collision handling for PUCCH repetition is applied for PUCCH repetition to m-TRP.
 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref75259190]Chairman’s notes, RAN1#106bis-e, October 11th - 19th, 2021.
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