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Introduction
In RAN1#104bis-e and RAN1#105e,  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#104bis-e, the following agreements were reached on PDCCH enhancements [1]. In this subsection, we discuss our views on some remaining issues.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
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.

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) 
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: 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 


Blind Decoding Limit
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: 
· The reported candidate value(s)
· Default behaviour
· Whether one of the candidate values imply that UE supports soft combining
· Whether additional candidate values are supported (e.g., non-integer numbers)
· 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+soft combining, respectively.
[bookmark: _Toc79186626]In case of PDCCH repetition, UE can report “2” or “2+3” BD as a UE capability where “2” is the default. 
If the UE has reported 2+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.   
[bookmark: _Toc68648964][bookmark: _Toc79186627]For a UE that support 3 BDs, the network explicitly configures the UE to use 3 BDs using RRC signaling. Default is 2 BD (no signaling needed)
[bookmark: _Toc79186628]If 3 BD is configured, then the UE performs both selective decoding and soft combining of the two linked PDCCH candidates.
Overbooking
For PDCCH overbooking in Rel-15, the number of BDs and number of CCEs are counted over SS sets in increasing order of SS set index.  If the number of BDs or CCEs exceed the limit starting at a SS set, the SS set and any SS set with a higher index are dropped.  
In case of PDCCH repetition in a slot with two linked SS sets, whether to count the number of BDs together or separately needs to be determined.  If 2 BDs are determined and each PDCCH candidate is counted as 1 BD, then in case of overbooking in a slot starting at one of the two linked SS sets with a higher SS set ID as shown in Figure 1,  there can be two options:
· Option 1: drop both the linked SS sets
· Option 2: drop only the SS set with the higher SS set ID
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[bookmark: _Ref68346631]Figure 1: An example of PDCCH overbooking

In our view, option 2 seems to be preferred as PDCCH can still be sent over one TRP.  Soft combining, if configured to the UE (i.e., if 3 BDs are configured), is not performed in this case.
[bookmark: _Toc68648957][bookmark: _Toc79186663]In case of overbooking, it is beneficial that the linked SS sets are dropped individually.
[bookmark: _Toc68648967][bookmark: _Toc79186629]For overbooking detection, half of the configured BDs is counted for each of the two PDCCH candidates in two linked SS sets.
[bookmark: _Toc68648968][bookmark: _Toc79186630]In case of overbooking, Rel-15 SS set dropping rules are applied.  
Reference Symbol for SLIV
In Rel-16, if referenceOfSLIVDCI-1-2 is configured, and when receiving PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0, and PDSCH mapping Type B, the starting symbol S is relative to the starting symbol S0 of the PDCCH monitoring occasion where DCI format 1_2 is detected.  
In case of PDCCH repetition is used in scheduling a PDSCH with mapping type B with DCI format 1_2, the starting symbol S0 can be associated with one of the linked PDCCH candidates.  In RAN1#104bis-e, the following agreement was reached:
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

The benefit of Alt.3 is that the PDSCH scheduled by the PDCCH can start as early as the PDCCH candidate starting earlier in time, while in Alt.1 the PDSCH can only start as early as the PDCCH candidate starting later in time.  In FR2, it may be desirable to transmit both PDCCH and its scheduled PDSCH in a same beam at the same time. In that sense, Alt.3 seems to be preferred. 
[bookmark: _Toc68648969][bookmark: _Toc79186631]In case of PDCCH repetition, for type B PDSCH scheduled by DCI format 1_2, the starting symbol S0 is associated with the PDCCH candidate starting earlier in time.

As for the related following FFS item on d1,1 for PDSCH processing time, the main issue is how to define overlapping between PDSCH and the associated PDCCH.  If a PDSCH scheduled by a PDCCH in two linked PDCCH candidates, a PDSCH symbol occurs between the earliest and latest symbols of the PDCCH candidates in time is considered overlapping with the PDCCH.
[bookmark: _Toc79186632]In case of PDCCH repetition and for type B PDSCH scheduled by DCI format 1_2, for d1,1, determination purpose, PDSCH symbols between the earliest and latest symbols of the PDCCH candidates in time are considered overlapping with the PDCCH.

TCI field configuration in two linked CORESETs
In RAN#104bis-e, a working assumption below was reached on TCI field configuration in DCI in two CORESETs associated with two linked search space sets. It is a reasonable assumption in our view, and we propose to confirm the working assumption.

Working assumption: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.
[bookmark: _Toc79186633]Confirm the working assumption that the UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.
PDCCH monitoring when a linked PDCCH candidate is dropped
In RAN1#104bis-e, the following agreement was reached: 
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 

We slightly prefer option1 since the UE still could receive the PDCCH in the other candidate if one is dropped. In this case, one BD is counted. 
[bookmark: _Toc79186634]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)) is preferred and one BD is counted.
Overlapping a linked PDCCH candidate with an individual PDCCH candidate
In RAN1#104bis-e, the following agreement was reached:
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

According to 38.213 text below, when two PDCCH candidates using a same set of CCEs in a CORESET associated with two SS sets, respectively, the PDCCH candidate in a SS set with higher SS set ID is not monitored in Rel-15/16. The same principle should be used when one of the PDCCH candidate is a linked PDCCH candidate.  In that sense, both option 2 and option 3 could be used.  However, Option 3 is slightly preferred as it is logical to have a single priority for two linked SS sets. When a linked PDCCH candidate is not monitored based on Option 3, the other linked PDCCH candidate can still be monitored with 1 BD. 
38.213 section 10.1: “A PDCCH candidate with index  for a search space set  using a set of CCEs in a CORESET  on the active DL BWP for serving cell  is not counted for monitoring if there is a PDCCH candidate with index  for a search space set , or if there is a PDCCH candidate with index  and , in the CORESET  on the active DL BWP for serving cell  using a same set of CCEs, the PDCCH candidates have identical scrambling, and the corresponding DCI formats for the PDCCH candidates have a same size; otherwise, the PDCCH candidate with index  is counted for monitoring. “
As for resolving any possible ambiguity of a detected DCI, we don’t see any ambiguity issue there. The detected DCI should have the full scheduling information. 
[bookmark: _Toc79186635]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, Option 3 (the candidate associated with SS sets(s) with lower priority is not monitored) is slightly preferred.
Present or absent of TCI field in DCI
In RAN1#104bis-e, the following agreement was reached related to TCI field in DCI for linked PDCCH candidates.  There is a working assumption that the same configuration is expected with respect to presence of TCI field in DCI in two linked CORESETs. This needs to be confirmed.

 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) 

[bookmark: _Toc79186636]Confirm the working assumption that the same configuration is expected with respect to presence of TCI field in DCI in two linked CORESETs.
QCL type-D priority rules for overlapping CORESETs
The existing QCL-TypeD prioritization rules across CORESETs would result in only one QCL-Type D to be monitored, which would exclude FDM based PDCCH repetition in FR2 even for UEs capable of receiving two beam simultaneously.
In RAN1#104bis-e, the following agreement was reached:
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.

There are some possible scenarios as shown in Figure 2 if monitoring a CORESET is based on its associated SS set priority, where CORESETs n and m are linked while CORESET p is unlinked. The three CORESETs are assumed to be associated with 3 different beams/QCL-D and are overlapped in time:
· Scenario 1:  CORESETs n and m are present, both can be monitored;
· Scenario 2:  all 3 CORESETs are present, CORESET p is not monitored as its associated SS set has a higher SS ID than the two others
· Scenario 3: all 3 CORESETs  are present, CORESET m is not monitored as its associated SS set has a higher SS ID than the two others

[image: ]
[bookmark: _Ref78918876]Figure 2: some possible scenarios over time overlapping CORESETs.
If the priority of the linked CORESETs is based on the SS set with the lower SS set ID among the two SS sets, then in Scenario 3 both CORESETs n and m would be monitored and CORESET p would not be monitored. This is preferred in our view.
[bookmark: _Toc79186637]For a UE supporting simultaneous reception with two different beams, when multiple CORESETs overlap in time, linked CORESETs are prioritized over unlinked CORESETs for PDCCH monitoring.  

Active BWP Switching
On BWP switching, Rel-15/16 rules are defined in the specification text below (38.213 section 12) :
“A UE expects to detect a DCI format with a BWP indicator field that indicates an active UL BWP change or an active DL BWP change only if a corresponding PDCCH is received within the first 3 symbols of a slot.”
“If a UE detects a DCI format with a BWP indicator field that indicates an active DL BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format in a scheduling cell until the beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format.”
The same rules can be applied to PDCCH repetitions and no enhancement seems to be needed.
[bookmark: _Toc79186638]No enhancement is needed for BWP switching in case of PDCCH repetition. 

DCI decoding reference for additional scenarios 
In RAN1#104bis-e, some additional scenarios were identified for which a time reference is needed for the end of a PDCCH in case of PDCCH repetition. This was summarized in the feature lead summary as Proposal 10 below. The list may not include all the scenarios where such a reference is needed. To cover all cases where the end of a PDCCH is used as a time reference, it may be better to include a specification text stating that in case of PDCCH repetition, the end of a PDCCH refers to the end of a PDCCH candidate ending later in time. 
FL Proposal 10: For the following purposes, the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used as a reference
•	For N timeline in the case that DL DCI does not schedule PDSCH but requests HARQ-Ack: SPS release DCI, SCell dormancy indication, requesting Type-3 HARQ-Ack codebook
•	For SPS PDSCH cancelation timeline (14 symbols)
•	For PUCCH resource overriding timeline (N3)
•	For starting drx-InacitivityTimer
•	For timeline to send PRACH in response to PDCCH order
•	For PDSCH / AP-CSI-RS reception preparation time with cross carrier scheduling with different SCS’s for PDCCH and PDSCH / AP-CSI-RS, i.e., minimum scheduling delay Npdsch and Ncsirs
[bookmark: _Toc79186639]For channels/signals scheduled by PDCCH repetition, the end of a PDCCH candidate that ends later in time among two linked PDCCH candidates is used as the DCI decoding time reference. 
Linking SS Sets by MAC-CE 
In addition to RRC based configuration of linked SS sets, some companies proposed to support linking two SS sets dynamically with MAC CE.   In our view, there is no strong motivation for using MAC CE to dynamically link two SS sets.  RRC configuration should be enough.
[bookmark: _Toc68648972][bookmark: _Toc79186640]MAC CE for linking SS sets is not supported.
Support of Repetition to a Single TRP
We don’t see the need for specification based intra-slot repetition over a single TRP as larger AL can be used instead.   Note however that the same TCI state can be configured for both repetitions if single TRP is desired to be used for some reason, in a spec transparent manner. 
[bookmark: _Toc68648974][bookmark: _Toc79186641]A specification change to introduce Intra-slot repetition to a single TRP is not pursued.
Support of Common DCI Format 2_x
For PUSCH with type 1 or type 2 CGs, closed-loop power control can solely depend on DCI format 2_2 for receiving TPC commands. Since CGs are likely used for URLLC type of traffic, reliable closed-loop power control is needed. Similarly, closed-loop power control for SRS also depends on timely and reliable decoding of DCI format 2_3.  Therefore, it seems to make sense that PDCCH enhancements can also be supported for DCI formats 2_2 and 2_3.
[bookmark: _Toc68648975][bookmark: _Toc79186642]DCI Format 2-2/2-3 are also supported by multi-TRP based PDCCH enhancements.

PUSCH Enhancements 
In the last RAN1 meeting, the following agreements were reached on PUSCH enhancements [2]. In this sub-section, we discuss the remaining issues and present our views.Agreement
For indicating per-TRP OLPC set in DCI format 0_1/0_2, if two SRI fields present in the DCI, 
· Use the existing field (1 bit) for OLPC set indication and a second p0-PUSCH-SetList-r16. 
· if value of the field equals to ‘0’, the UE determine value of P0 from SRI-PUSCH-PowerControl with a sri-PUSCH-PowerControlId value mapped to the SRI field value corresponding to each TRP. 
· if value of the field equals to ‘1’, the UE determine value of P0 from a first value in P0-PUSCH-Set with a p0-PUSCH-SetId value mapped to the SRI field value corresponding to each TRP.
Agreement
Agreement
For multi-TRP PUCCH (scheme 1 and 3) and PUSCH (Type A and B) repetition, when the number of repetitions is equal to two, the first and second transmission occasion shall be associated with two TRPs, respectively (two UL beams or Power control parameter sets), regardless of the configured mapping pattern. 
· Note: For M-TRP PUSCH type B, the number of repetitions refers to ‘nominal’ repetition.

Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, support transmitting A-CSI on the first PUSCH repetition corresponding to the first beam and the first PUSCH repetition corresponding to the second beam when there is no TB carried in the PUSCH. 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· The UE is expected to follow the above operation for transmitting A-CSI on two PUSCH repetitions only if 
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
· For PUSCH repetition Type A and B, UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE transmits A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· Note: The scheduling offset for the first A-CSI should meet the Z and Z’ requirement
 
Agreement
For s-DCI based multi-TRP PUSCH repetition Type A, the UE is expected to multiplex A-CSI on two PUSCH repetitions only if UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE multiplexes A-CSI only on the first PUSCH repetition similar to Rel. 15/16.


Agreement
Confirm the Working Assumption (with supporting two bits for the new field). 
· For indicating STRP/MTRP dynamic switching for non-CB/CB based MTRP PUSCH repetition, 
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation. 
· The new field is 2 bits
Agreement
For the new field in the DCI for dynamic switching, support Alt.1 (modified).
Alt.1
· Support 2 bits with the following combinations. 

[image: ]

· The SRS resource set with lower ID is the first SRS resource set, and the other SRS resource set is the second SRS resource set. 
· For codebook and non-codebook usage, respectively
· The same number of SRS resource shall be configured in the two SRS resource sets.

Agreement
The following working assumption is confirmed. 
For non-codebook based multi-TRP PUSCH, the first SRI field is used to determine the entry of the second SRI field which only contains the SRI(s) combinations corresponding to the indicated rank (number of layers) of the first SRI field. The number of bits, N2, for the second SRI field is determined by the maximum number of codepoint(s) per rank among all ranks associated with the first SRI field. For each rank x, the first Kx codepoint(s) are mapped to Kx SRIs of rank x associated with the first SRS field, the remaining (2N2-Kx) codepoint(s) are reserved.
Agreement
· To support per TRP closed-loop power control for PUCCH with DCI formats 1_1 / 1_2, a second TPC field can be configured via RRC.  


· When the second field is configured by RRC, a second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2 (option 3).
· Each TPC field is for each closed-loop index value respectively
· FFS: Whether or not the mapping between the TPC field and the PUCCH transmissions is needed
· When the second field is not configured by RRC, a single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for the closed loop index(es) for the scheduled PUCCH
· To support per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2, adopt the same solution as with M-TRP PUCCH schemes.
· FFS: any additional considerations
· Support UE to report the capability on whether it supports the second TPC field 
· Note1: Per TRP closed-loop power control is only applicable when the “closedLoopIndex” values are not the same for TRPs.
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.
Agreement 
For SP-CSI report on mTRP PUSCH repetition Type A and B activated by a DCI, further study the use of a similar mechanism to A-CSI multiplexing on M-TRP PUSCH without a TB, which includes the following,
· When SP-CSI multiplexed on m-TRP PUSCH, SP-CSI multiplexed on the two repetitions associated with the two TRPs, and the number of repetitions is always assumed to be 2, regardless of the value indicated.
· Reuse similar conditions (e.g. UCIs other than the A-CSI are not multiplexed, same number for first actual repetitions, the content of the CSI is the same) to support SP-CSI multiplexing on m-TRP PUSCH as defined in A-CSI multiplexing on M-TRP PUSCH.
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.

For further study in future meetings:
For PHR reporting related to M-TRP PUSCH repetition, study following aspects related to option 4, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.
· FFS1: How the PHRs are calculated for reporting (actual PHR or virtual PHR)
· FFS2: How the PHRs are calculated for reporting for other CCs if the multi-cell PHR MAC CE is applied.
· FFS3: Required changes to triggering conditions including the required higher layer parameters (e.g.,’phr-PeriodicTimer’, ‘phr-ProhibitTimer’, ‘phr-Tx-PowerFactorChange’ as TRP specific).
· FFS4: Report P-MPR and MPE per TRP within the same MAC-CE extension.
Note: Down-selection between Options 1-5 will be based on this study as well as the trade-off between benefit versus UE complexity.


Dynamic Switching Between S-TRP and M-TRP
In the last meeting, after lengthy discussion, an agreement was finally reached to introduce a new bit field of 2 bits in DCI Formats 0_1 and 0_2 for dynamic switching between single TRP and multi-TRP PUSCH scheduling, where codepoints ‘00’ and ‘01’ of the new bit field indicate single TRP scheduling with the 1st SRI field associated with the 1st and 2nd SRS resource sets, respectively, while codepoint ‘10’ indicates multi-TRP scheduling with the 1st and 2nd SRI fields associated with the 1st and 2nd SRS resource sets, respectively.  
One remaining issue is whether codepoint ‘11’ of the new bit field can be used to indicate a swapping of the transmission order between two TRP, i.e., to which TRP a PUSCH repetition is transmitted first.  A natural way would be to associate the 1st and 2nd SRI fields to the 2nd and 1st SRS resource sets, respectively.  Some companies preferred to have a fixed mapping between an SRI field and an SRS resource set and argued that it would allow different number of SRS resources in different SRS resource sets to be supported.  An alternative way is to just use the codepoint ‘11’ to indicate the transmission order to TRPs and keep the same SRI to SRS resource set mapping in DCI.  In our view, the use case of configuring different number of SRS resources in different SRS resource sets for codebook or non-codebook based PUSCH is unclear and there can be other implications that may need to be further studied.  Therefore, we prefer to support TRP order switching by switching the association between the 1st and 2nd SRI fields to the 1st and 2nd SRS resource set.
[bookmark: _Toc79186643] Support dynamic switching of TRP transmission order with codepoint ‘11’ in DCI indicating an association between the 1st and 2nd SRI fields to the 2nd and 1st SRS resource sets, respectively.  
Power Head Room Reporting
In RAN1#104bis-e, the following options were agreed to be studied further for type 1 PHR in case of m-TRP PUSCH: 
· Option 1:  Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting
In RAN1#105e, Option 4 was supported by majority of companies and some questions were also raised by a few companies.  It was agreed to further study option 4 in future meetings as noted in the Chairman’s notes below:
For further study in future meetings:
For PHR reporting related to M-TRP PUSCH repetition, study following aspects related to option 4, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.
· FFS1: How the PHRs are calculated for reporting (actual PHR or virtual PHR)
· FFS2: How the PHRs are calculated for reporting for other CCs if the multi-cell PHR MAC CE is applied.
· FFS3: Required changes to triggering conditions including the required higher layer parameters (e.g.,’phr-PeriodicTimer’, ‘phr-ProhibitTimer’, ‘phr-Tx-PowerFactorChange’ as TRP specific).
· FFS4: Report P-MPR and MPE per TRP within the same MAC-CE extension.
Note: Down-selection between Options 1-5 will be based on this study as well as the trade-off between benefit versus UE complexity.

In order for gNB to make better scheduling decisions, it is desirable to have power headroom (PH) information for both TRPs. Option 4 seems to be a straightforward approach to achieve that.    
A question was raised  for option 4 in the last RAN1 meeting on how to report PHR in the following CA scenarios assuming that PHR MAC-CE is transmitted in CC1 in slot #n and mTRP PUSCH repetition in CC2:
· Case 1: No PUSCH transmitted in CC2 in slot #n
· Case 2: Single-TRP PUSCH transmitted in CC2 in slot #n
· Case 3: PUSCH repetition for first beam is transmitted in CC2 in slot #n, and PUSCH repetition for second beam is transmitted in CC2 in slot #n+2
· Case 4: PUSCH repetition for first beam is transmitted in CC2 in slot #n-2, and PUSCH repetition for second beam is transmitted in CC2 in slot #n
Based on the discussion in the last meeting, the following views were expressed for cases 1-4: 
· For case1, one virtual PHR is reported
· For case2: one actual PHR for only the TRP indicated for PUSCH Tx is reported
· For case3: two actual PHR for two TRP are reported
· For case4: two actual PHR for two TRP are reported
On cases 3 and 4, some further questions/concerns were raised [3] which are summarized below.  Our responses to the concerns raised are given further below.
· Concern #1: which PUSCH is the second actual PHR for CC2 based on, PUSCH repetition in slot n-1 or slot n+2, in the example shown in Figure 3.
[image: ]
[bookmark: _Ref79134429]Figure 3: CA scenario A.
· Concern #2: Non-causal actual PHR calculation.  In the example shown in Figure 4, it can be seen that the second actual PHR does not reflect the actual power properly. This is because the PUSCH in CC1 and CC3 in slot n+2 do not meet the timeline. Hence, for calculating PHR of the PUSCH repetition in CC2 in slot n+2, the presence of PUSCHs on other CCs is not taken into account. Unlike legacy PHR, this situation below is often the case due to non-causal PHR. In legacy PHR, PUSCHs on other CCs meet the timeline condition in typical cases. Non-causal actual PHR calculation is a concern and this will not provide much useful info.
[image: ]
[bookmark: _Ref79134533]Figure 4: CA scenario B.
· Concern #3:  UE complexity. UE needs to calculate the power two times in most of the cases: Once for the purpose of PHR calculation and another time for the purpose of transmission.

For concern 1, our understanding is that the actual transmit power is the same for beam 2 during PUSCH repetition and the actual PHR for beam 2 is based on the transmit power calculated prior to slot n.  
On concern #2, the transmit power of beam2 in slot n+2 should have been calculated and available at slot n and gNB should know the condition when the PHR was calculated. The UE is not supposed to recalculate the transmit power for beam2 at slot n+2. Therefore, we don’t think it is an issue. 
On concern #3, we don’t think UE needs to calculate the power two times, the power calculated for PHR should be the same as for actual transmission. 
[bookmark: _Toc79186644]For PHR reporting with mTRP PUSCH, support Option 4 with two PHRs reported, one per TRP. 

Closed-loop Power Control
In the last meeting, an agreement was reached to support the following two options for closed-loop power control. 
· Option 1: A single TPC field is used in DCI formats 0_1 / 0_2, and the indicated TPC value is applied for both PUSCH beams
· Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.

In Option1, a same TPC command is applied to PUSCH transmissions to two the TRPs.   In Option 3, a second TPC field is RRC configured for a second TRP. Thus, both TRPs can be power controlled independently.  The agreement also says that “Each TPC field is for each closed-loop index value respectively”. One remaining issue is how to map a TPC field to a closed-loop index. One straightforward way would be to map closed-loop indices 0 and 1 to the first and second TPC fields, respectively.  


[bookmark: _Toc79186645]When two TPC fields in a DCI are configured for PUSCH scheduling, the first and second TPC fields are mapped to closed-loop indices 0 and 1, respectively.
[bookmark: _Hlk68013097]PTRS indication
In RAN1#104bis-e, it was agreed that maximum rank >2 will be supported with one of the following three options to be down selected in RAN1#105e:
· 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. 
· Option 2 (2 bits): using the existing PTRS-DMRS association field in DCI for the first TRP, and using reserved entries/bits in DM-RS port indication field for the second TRP.
· Option 3 (2 bits): 1 bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1 bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.
However, no agreement was reached in RAN1#105e.  Adding 2 more bits for this purpose seems to be an over kill. Using some unused codepoints in the antenna port field could provide more flexibility without increasing the overhead. However, reusing a different field that was not intended originally should generally be avoided.  We think Option 3 could be a compromise between PTRS allocation flexibility and DCI overhead. Therefore, we have the following proposal.
[bookmark: _Toc79186646]When maximum rank >2 and one PTRS port are configured per TRP in case of m-TRP PUSCH repetitions, option 3 is supported for PTRS to DMRS mapping.


Actual number of PTRS ports for non-CB based multi-TRP PUSCH
For non-codebook based PUSCH, the maximum number of PT-RS ports in the uplink is configured to the UE via the PTRS-UplinkConfig information element in RRC.  Each SRS resource configured in the SRS resource set with usage set to ‘nonCodeBook’ is configured with a PT-RS port index (i.e., ptrs-PortIndex).
In existing NR specifications, the actual number of UL PT-RS ports transmitted for non-codebook based PUSCH is determined based on the SRIs indicated.  Using this existing rule for determining the actual number of UL PT-RS ports in the case of Rel-17 multi-TRP non-codebook PUSCH may result in cases where the number actual number of UL PT-RS ports transmitted for TRP1 and TRP2 may be different depending in the SRI(s) indicated in the two SRI fields.  Consider the example shown in Figure 5, where:
· the 1st SRI field indicates SRIs 0 and 1, which corresponds to SRS resources 0 and 1 from the 1st SRS resource set.  Given the PT-RS port indices are different for these two SRS resources, the actual number of UL PT-RS ports determined for the 1st TRP (corresponding to the 1st SRS resource set) is 2.
· the second SRI field indicates SRIs 0 and 1, which corresponds to SRS resources 0 and 1 from the 2nd SRS resource set.  Given the PT-RS port indices are the same for these two SRS resources, the actual number of UL PT-RS ports determined for the 2nd TRP (corresponding to the 2nd SRS resource set) is 1.

[image: ]
[bookmark: _Ref79184524]Figure 5.  An example of determining the actual number of UL PT-RS ports for non-CB based multi-TRP PUSCH

It must be first discussed whether or not the actual number of PT-RS ports can be different for the two TRPs.  One possibility is to restrict the actual number of PT-RS ports to be the same for the two TRPs.  This may mean some restrictions on the SRIs indicated in the two SRI fields particularly when the maximum number of PT-RS ports is configured to be 2.  Given the discussion above, we make the following proposal:

[bookmark: _Toc79186647]For non-codebook based multi-TRP PUSCH repetition, down-selection one of the two alternatives:
[bookmark: _Toc79186648]Alternative 1:  the actual number of PT-RS ports corresponding to the 1st and 2nd SRS resource sets are the same.
[bookmark: _Toc79186649]Alternative 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.


Per TRP Frequency Hopping
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: _Toc79186650]Support per TRP inter-repetition frequency hopping.

Default P0, alpha, PL-RS, and closed loop index
In the last RAN1 meeting, 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. Three alternatives below were identified and one of them is to be selected. 
· 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.

In Alt.1, the power control parameters associated with each TRP are indicated in the respective SRI to PUSCH power control mapping. This is consistent with the case when SRI field is present in DCI.  In Alt.2, fixed pathloss RS Id and closed-loop index are specified for each TRP. Alt.3 is a combination of Alt.1 and Alt.2 depending on whether enablePL-RS-UpdateForPUSCH-SRS is configured or not. In our view, Alt.1 provides a more consistent way in configuring and mapping power control parameters for mTRP PUSCH repetition with a single or multiple SRS resources in a SRS resource set and is preferred.
[bookmark: _Toc79186651]For default power control parameters, Alt.1 is supported when one SRS resource per SRS resource set is configured.

Default Beam for DCI Format 0_0

According 38.214, for PUSCH scheduled by DCI format 0_0 on a cell, the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell.  To our understanding, the issue raised by some companies in the last meeting was that if two spatial relations were activated with the PUCCH resource with the lowest ID, what would be the UE behaviour.  Since this is related to only one specific dedicated PUCCH resource, it can always be configured with a single spatial relation. 
[bookmark: _Toc79186664]There is no issue if a single spatial relation is always configured for the PUCCH resource with the lowest ID in an active UL BWP of a cell.

[bookmark: _Toc79186652]No specification change is required related to default beam for DCI format 0_0. 
SP-CSI on PUSCH
In the last meeting, it was agreed to further study whether and how to support SP-CSI on PUSCH repetitions towards multiple TRPs. Given that A-CSI repetition on mTRP PUSCH without TB has already been agreed,  extending it to SP-CSI repetition on mTRP PUSCH should be straightforward. The number of repetitions should always be two regardless of the indicated number of repetitions. The same conditions for A-CSI repetition can be applied to SP-CSI repetition on PUSCH within each SP-CSI period, i.e., 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· The UE is expected to transmit SP-CSI on two PUSCH repetitions only if the following conditions are met when two SRS resource sets are indicated in the activation DCI
a. For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
b. For PUSCH repetition Type A and B, UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions.
· Otherwise,  UE transmits SP-CSI only on the first PUSCH repetition similar to Rel. 15/16

[bookmark: _Toc79186653]SP-CSI on PUSCH repetitions towards multiple TRPs is supported in NR Rel-17. 

Remaining details of CG Support

In RAN1#104bis-e, it was agreed to support CG based mTRP PUSCH repetition with the following agreement:
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'.
In RAN1#105e, some further details were further agreed for type 2 CG as follows:
Agreement
[bookmark: _Hlk78750330]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.
One remaining issue for CG type 1 is the association of  the legacy (or new) fields of 'p0-PUSCH-Alpha', 'powerControlLoopToUse', ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers'  to a SRS resource set.  It seems to be straightforward to associate the legacy fields to the 1st SRS resource set and the new fields to the second SRS resource set. 
[bookmark: _Toc79186654]For CG based multi-TRP PUSCH repetition, the legacy and new CG configuration fields are associated to the 1st and 2nd SRS resource sets, respectively.
With the above association, in each CG period, type 1 CG PUSCH would always be transmitted first to the 1st TRP associated with the 1st SRS resource set with both cyclic and sequential mapping. To balance transmissions to the two TRPs, particularly for type B repetition, it may be beneficial to switch the TRP orders in different CG PUSCH periods as shown in Figure 2. 
[bookmark: _Toc79186655]For CG based multi-TRP PUSCH repetition, support alternating TRP orders in different CG PUSCH periods.
[image: ]
[bookmark: _Ref78749623]Figure 6: An example of switching TRP order in different periods of CG PUSCH.
For dynamically scheduled mTRP PUSCH repetition, it has been agreed that a same RV sequence will be applied to PUSCH transmissions to different TRPs separately with a configurable RV offset for the second TRP.  We think the same principle can also be used for CG based multi-TRP PUSCH repetition. 
[bookmark: _Toc79186656]For CG based multi-TRP PUSCH repetition, a same RV sequence is applied to PUSCH transmissions to different TRPs separately with a configurable RV offset for the second TRP.
In Rel-15/16, PT-RS for CG is linked to DMRS port 0 by specification, even for type B repetition with multiple layers.  It is not optimal in the sense that DMRS port 0 may not be associated with the strongest layer.  However, since the strongest layer is unknown and can change over time, using a fixed DMRS port is justified. The same principle can be applied to CG based mTRP PUSCH repetition.  
[bookmark: _Toc79186657]For CG based multi-TRP PUSCH repetition, PTRS is associated with DMRS port 0. 

[bookmark: _Toc68646507]
PUCCH Enhancements
In RAN1#105-e, the following agreements were reached on PUCCH enhancements [2]. In this sub-section, we discuss the remaining issues and present our views.Agreement
· To support per TRP closed-loop power control for PUCCH with DCI formats 1_1 / 1_2, a second TPC field can be configured via RRC.  
· When the second field is configured by RRC, a second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2 (option 3).
· Each TPC field is for each closed-loop index value respectively
· FFS: Whether or not the mapping between the TPC field and the PUCCH transmissions is needed
· When the second field is not configured by RRC, a single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for the closed loop index(es) for the scheduled PUCCH
· To support per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2, adopt the same solution as with M-TRP PUCCH schemes.
· FFS: any additional considerations
· Support UE to report the capability on whether it supports the second TPC field 
· Note1: Per TRP closed-loop power control is only applicable when the “closedLoopIndex” values are not the same for TRPs.
Conclusion
For multi-TRP PUCCH schemes, only one ‘twoPUCCH-PC-AdjustmentStates’ parameter is configured for both TRPs, and the parameter is shared across both TRPs, which means there will be two closed loops in total (no RAN1 spec impact).
Agreement 
Confirm the working assumption with removing brackets on [consecutive] and adding UE capability.
· For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats.
· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 
· Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT
· Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.
· This feature is optional. 
Agreement
For multi-TRP PUCCH (scheme 1 and 3) and PUSCH (Type A and B) repetition, when the number of repetitions is equal to two, the first and second transmission occasion shall be associated with two TRPs, respectively (two UL beams or Power control parameter sets), regardless of the configured mapping pattern. 
· Note: For M-TRP PUSCH type B, the number of repetitions refers to ‘nominal’ repetition



Closed-loop Power Control
In RAN1#105e, it was agreed that the following two options are supported. Option 3 is configurable by RRC. 
· Option 1: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.

In Option1, a same TPC command is applied to PUCCH transmissions to two TRPs.   In Option 3, a second TPC field is RRC configured for a second TRP. Thus, both TRPs can be power controlled independently.  The agreement also says that “Each TPC field is for each closed-loop index value respectively”. One remaining issue is how to map a TPC field to a closed-loop index if two TPC fields are configured. One straightforward way would be to map closed-loop indices 0 and 1 to the first and second TPC fields, respectively.  

Therefore, we have the following proposal:
[bookmark: _Toc79186658]When two TPC fields in a DCI are configured for PDSCH scheduling, the first and second TPC fields are mapped respectively to closed-loop indices 0 and 1 of the PUCCH carrying the corresponding HARQ-ACK.
RRC Configured Number of Repetitions
In RAN1#104e, it was agreed that inter-slot PUCCH repetitions to m-TRP will be supported for all PUCCH formats.  For PUCCH formats 1/3/4,  2, 4, and 8 repetitions will be supported.  For PUCCH formats 0/2,  at least 2 repetitions will be supported.  To simplifying standardization effort, the same set of repetition numbers should be supported for all PUCCH formats.  In addition, 16 repetitions may also be supported. 
[bookmark: _Toc79186659]For PUCCH formats 1/3/4, support extending the maximum total number of PUCCH repetitions for M-TRP PUCCH scheme 1 to 16. 
[bookmark: _Toc79186660]For PUCCH formats 0/2, support additional total number of repetitions of 4, 8 and 16 for M-TRP PUCCH scheme 1.
Intra-slot PUCCH repetition to a single TRP
It has been agreed that subslot based intra-slot PUCCH repetitions to m-TRP will be supported.  Naturally, any feature supported for m-TRP should be able to fall back to single TRP. Therefore, Intra-slot PUCCH repetition to a single TRP should be supported as well.
[bookmark: _Toc79186661]Support intra-slot PUCCH repetition to single TRP.
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: _Toc79186662]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.  we have made the following observations: 
Observation 1	In case of overbooking, it is beneficial that the linked SS sets are dropped individually.
Observation 2	There is no issue if a single spatial relation is always configured for the PUCCH resource with the lowest ID in an active UL BWP of a cell.

Based on the discussions and the observations, we propose the following:
Proposal 1	In case of PDCCH repetition, UE can report “2” or “2+3” BD as a UE capability where “2” is the default.
Proposal 2	For a UE that support 3 BDs, the network explicitly configures the UE to use 3 BDs using RRC signaling. Default is 2 BD (no signaling needed)
Proposal 3	If 3 BD is configured, then the UE performs both selective decoding and soft combining of the two linked PDCCH candidates.
Proposal 4	For overbooking detection, half of the configured BDs is counted for each of the two PDCCH candidates in two linked SS sets.
Proposal 5	In case of overbooking, Rel-15 SS set dropping rules are applied.
Proposal 6	In case of PDCCH repetition, for type B PDSCH scheduled by DCI format 1_2, the starting symbol S0 is associated with the PDCCH candidate starting earlier in time.
Proposal 7	In case of PDCCH repetition and for type B PDSCH scheduled by DCI format 1_2, for d1,1, determination purpose, PDSCH symbols between the earliest and latest symbols of the PDCCH candidates in time are considered overlapping with the PDCCH.
Proposal 8	Confirm the working assumption that the UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.
Proposal 9	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)) is preferred and one BD is counted.
Proposal 10	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, Option 3 (the candidate associated with SS sets(s) with lower priority is not monitored) is slightly preferred.
Proposal 11	Confirm the working assumption that the same configuration is expected with respect to presence of TCI field in DCI in two linked CORESETs.
Proposal 12	For a UE supporting simultaneous reception with two different beams, when multiple CORESETs overlap in time, linked CORESETs are prioritized over unlinked CORESETs for PDCCH monitoring.
Proposal 13	No enhancement is needed for BWP switching in case of PDCCH repetition.
Proposal 14	For channels/signals scheduled by PDCCH repetition, the end of a PDCCH candidate that ends later in time among two linked PDCCH candidates is used as the DCI decoding time reference.
Proposal 15	MAC CE for linking SS sets is not supported.
Proposal 16	A specification change to introduce Intra-slot repetition to a single TRP is not pursued.
Proposal 17	DCI Format 2-2/2-3 are also supported by multi-TRP based PDCCH enhancements.
Proposal 18	Support dynamic switching of TRP transmission order with codepoint ‘11’ in DCI indicating an association between the 1st and 2nd SRI fields to the 2nd and 1st SRS resource sets, respectively.
Proposal 19	For PHR reporting with mTRP PUSCH, support Option 4 with two PHRs reported, one per TRP.
Proposal 20	When two TPC fields in a DCI are configured for PUSCH scheduling, the first and second TPC fields are mapped to closed-loop indices 0 and 1, respectively.
Proposal 21	When maximum rank >2 and one PTRS port are configured per TRP in case of m-TRP PUSCH repetitions, option 3 is supported for PTRS to DMRS mapping.
Proposal 22	For non-codebook based multi-TRP PUSCH repetition, down-selection one of the two alternatives:
Alternative 1:  the actual number of PT-RS ports corresponding to the 1st and 2nd SRS resource sets are the same.
Alternative 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.
Proposal 23	Support per TRP inter-repetition frequency hopping.
Proposal 24	For default power control parameters, Alt.1 is supported when one SRS resource per SRS resource set is configured.
Proposal 25	No specification change is required related to default beam for DCI format 0_0.
Proposal 26	SP-CSI on PUSCH repetitions towards multiple TRPs is supported in NR Rel-17.
Proposal 27	For CG based multi-TRP PUSCH repetition, the legacy and new CG configuration fields are associated to the 1st and 2nd SRS resource sets, respectively.
Proposal 28	For CG based multi-TRP PUSCH repetition, support alternating TRP orders in different CG PUSCH periods.
Proposal 29	For CG based multi-TRP PUSCH repetition, a same RV sequence is applied to PUSCH transmissions to different TRPs separately with a configurable RV offset for the second TRP.
Proposal 30	For CG based multi-TRP PUSCH repetition, PTRS is associated with DMRS port 0.
Proposal 31	When two TPC fields in a DCI are configured for PDSCH scheduling, the first and second TPC fields are mapped respectively to closed-loop indices 0 and 1 of the PUCCH carrying the corresponding HARQ-ACK.
Proposal 32	For PUCCH formats 1/3/4, support extending the maximum total number of PUCCH repetitions for M-TRP PUCCH scheme 1 to 16.
Proposal 33	For PUCCH formats 0/2, support additional total number of repetitions of 4, 8 and 16 for M-TRP PUCCH scheme 1.
Proposal 34	Support intra-slot PUCCH repetition to single TRP.
Proposal 35	Rel-15 collision handling for PUCCH repetition is applied for PUCCH repetition to m-TRP.
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