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Introduction
In RAN1#104e, 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 the last RAN1 meeting, the following agreements were reached on PDCCH enhancements [2]. In this subsection, we discuss our views on some remaining issues.Agreement
Confirm the working assumption: 
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).

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. Down-select one of the following options in RAN1 #104-bis-e
· Option 1: The one with the lowest CORESET ID is applied 
· Option 2: The one with the lowest SS set ID is applied.

Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.

Agreement
For PDCCH repetition, two PDCCH candidates in two SS sets are linked based on
· Having the same AL and the same candidate index: 
· Two linked SS sets are configured with the same number of candidates for each AL.



Agreement
For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:
· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.
· To extend the definition of in-order for PDCCH-PDSCH and PDCCH-PUSCH, i.e., PDCCH ending symbol is the last symbol of the reference PDCCH candidate in at least the following restrictions in 38.214. 
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.
· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.
· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.

Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.
· The two linked SS sets have the same SS set type (USS/CSS) 
· The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration
· For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set
Agreement
At least for FR1, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources in the CORESET(s) containing the PDCCH candidates overlap with the resources of the PDSCH, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.
· Note: This does not imply that two linked PDCCH candidates can / cannot be overlapping in resources, which is a separate discussion.
· FFS: The case of FR2

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

Agreement
When two SS sets are linked for PDCCH repetition, they do not contain individual PDCCH candidates. 
· Note 1: For configuration of individual PDCCH candidates, a different SS set can be configured by network.
· Note 2: When one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, Rel. 15 rule is followed wrt not counting an additional BD.


Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 2: UE reports whether it supports soft-combining or not
· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X. 
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2 BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumption 2: 2
· Number of BDs for decoding assumption 3: 2
· FFS: Other values
· Number of BDs for decoding assumption 4: 3
· FFS: Other values
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
· FFS: Network configuration based on the above UE capabilities for options 1-3
Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation

Blind Decoding Limit
There was some discussion in the previous meetings related to  soft combining. Some companies argued that it is more processing heavy for the UE to combine the candidates and therefore the number of BDs for assumption 1  should be counted as larger than one. However, as the number of BDs is still one in this case, we are reluctant to extend the definition of a BD to also include other processing demands (outside the actual blind decoding operation) for the UE. In our view, it is important to maintain the number of BDs  for the four decoding assumptions as 1, 2, 2, and 3, respectively.  
[bookmark: _Toc68648963]The number of BDs should be kept as an integer.
Nevertheless, we support counting two BDs  for decoding two linked PDCCH candidates. We can further discuss whether we need to specify which assumption the UE is using or if that is up to UE implementation only. 
[bookmark: _Toc68648964]Two blind decodes, one for each PDCCH candidate,  are counted towards blind decoding limit  for two linked PDCCH candidates in PDCCH repetition.
Determining PUCCH Resource
In the last meeting, it was agreed that  when DL DCI is transmitted via PDCCH repetition for scheduling a PDSCH, and when the corresponding PUCCH resource set for a PUCCH resource carrying the corresponding HARQ-ACK has a size larger than eight,  the PUCCH resource is determined by both a PRI in the DCI as well as the starting CCE index of one of the linked PDCCH candidates and number of CCEs  of one of  two CORESETs in two linked SS sets.  One of the following two options is to be selected in this meeting:

· Option 1: The one with the lowest CORESET ID is applied 
· Option 2: The one with the lowest SS set ID is applied.

Either option should work in our view. We slightly prefer option 1. 

[bookmark: _Toc68648965]For PUCCH resource determination, using a CORESET with a smaller index in the linked SS sets is slightly preferred.
PDSCH Rate Matching for FR2
If a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for PDCCH repetition, and the resources in the CORESET(s) containing the PDCCH candidates overlap with the resources of the PDSCH, it was agreed in the last meeting that for FR1, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.  We don’t see a strong reason for not using the same rule for FR2.
[bookmark: _Toc68648966]The same rate matching rule agreed for FR1 is applied to FR2.
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 BDs together or separately needs to be determined.  If  2BDs 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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…
SS set i
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…
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BD or CCE threshold

[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 supported by a UE, is not performed in this case.
[bookmark: _Toc68648956]Whether to count the number BDs together or separately needs to be determined.
[bookmark: _Toc68648957]In case of overbooking, it is beneficial that the linked SS sets are dropped individually.
[bookmark: _Toc68648967]For overbooking detection, one BD is counted for each of the two PDCCH candidates in two linked SS sets
[bookmark: _Toc68648968]In case of overbooking, Rel-15 SS set dropping rules are applied.  
 Starting Symbol for PDSCH Mapping Type B
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. Similar to PDCCH detection time,  the PDCCH candidate occurring later in time is preferred for the purpose as shown in Figure 2.
[bookmark: _Toc68648969]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 occurring later in time.
[image: ]
[bookmark: _Ref68380841]Figure 2: Using the starting symbol of the PDCCH candidate occurring later in time as the reference point.

Default PDSCH Beam 
In Rel-15, if the PDSCH is scheduled by a DCI format not having the TCI field present, and the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption for the CORESET used for the PDCCH transmission within the active BWP of the serving cell. 
In case of PDCCH repetition, CORESET associated with one of the PDCCH candidates can be used.  Using TCI state or QCL of CORESET with a lower index is slightly preferred.
[bookmark: _Toc68648970]Slightly prefer to use  TCI state of a CORESET with a lower index in two linked SS sets for receiving PDSCH scheduled with a DCI without TCI field. 
Overlapped PDCCH Candidates 
In Rel-15,  PDCCH candidates overlapping is allowed. They are separately decoded and each decoding attempt is counted as one BD.  At least in FR1,  the same should be allowed in case of PDCCH repetition.  Some rules may be introduced such that in case of overlapped PDCCH candidates, no soft combining is performed by the UE.  In case of FR2, UE needs to be capable of  receiving PDCCH simultaneously  from two TRPs.
[bookmark: _Toc68648971]Linked PDCCH candidates can be overlapped at least for FR1. 
 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  dynamic link two SS sets.  RRC configuration should be enough.
[bookmark: _Toc68648972]MAC CE for linking SS sets is not supported.
Support of m-DCI
PDCCH repetition discussed so far is only applicable single DCI based scheduling, i.e., there is only a single CORESET pool.  When two CORESET pools are configured, whether and how to support PDCCH diversity over two TRPs need to be further studied. 
[bookmark: _Toc68648973]Further study on whether and how to support PDCCH repetition for m-DCI based scheduling.
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]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 TPS 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]DCI Format 2-2/2-3 are also supported by multi-TRP based PDCCH enhancements.
Inter-slot Repetition
For PDCCH repetition, intra-slot repetition is more suitable for URLLC due to its low latency.  For inter-slot repetition, K0/K2 would be different in two different slots for a same scheduled PDSCH/PUSCH since  the number of slots between the two PDCCHs and  the schedule PDSCH/PUSCH would be different. Unless some additional changes are introduced, soft combining is no longer possible because the DCI content would be different in different slots. 

On possibility is to keep the same DCI content in different PDCCH repetitions and use one of the PDCCH candidates as a reference for K0/K2. There are, however, other issues to address.  For example, to support inter-slot repetition, the number of BDs/CCEs needs to be counted per SS set even for two linked SS sets since BD/CCE limit is defined per slot. 

Therefore, we have the following proposal:
[bookmark: _Toc68648976]Consider finalizing PDCCH enhancement with intra-slot PDCCH repetition first.


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 single DCI based M-TRP PUSCH repetition Type B, support the following RV mapping,
· DCI indicates the first RV for the first PUSCH actual repetition, and the RV pattern (0 2 3 1) is applied separately to PUSCH actual repetitions of different TRPs with a possibility of configuring RV offset for the starting RV for the first actual repetition towards second TRP (The same method as PDSCH scheme 4). 

Agreement
Support CG PUSCH transmission towards M-TRPs using a single CG configuration. 
· Use same beam mapping principals as dynamic grant PUSCH repetition scheme. 
· FFS: Required changes on CG parameters (ConfiguredGrantConfig) 
· The feature is UE optional

Agreement
For single-DCI based M-TRP PUSCH repetition schemes, up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2. 
· FFS1: Details on linking SRI fields to two power control parameters, 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
· Alt. 3: Let RAN2 handle this
· Alt.4: Add second sri-PUSCH-PathlossReferenceRS-Id/sri-P0-PUSCH-AlphaSetId/sri-PUSCH-ClosedLoopIndex in SRI-PUSCH-PowerControl.
· FFS2: Enhancements on open-loop power control parameter set indication
· FFS3: Consideration on srs-PowerControlAdjustmentStates
· FFS4: Impact of multi-TRP PUSCH repetition on PHR reporting
· FFS5: Enhancement on power control parameters per TRP when SRI(s) indication of two SRS resource sets is absent.

Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH, 
· Support two SRI fields corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the SRI field based on Rel-15/16 framework
· Support dynamic switching between multi-TRP and single-TRP operation 
· FFS: Support dynamic switching the order of two TRPs

Conclusion
Strive to reuse the specification support for dynamic indication of number of repetitions introduced in the Rel-17 coverage enhancement work item for multi-TRP operation. Decide whether further enhancements for multi-TRP operation are necessary in RAN1#106bis. No further discussion on this topic until RAN1#106bis under agenda item 8.1.





Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 
· For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 
· FFS: the indication of PTRS-DMRS association for maxRank > 2.

Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam.
· For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam) 
· For PUSCH repetition Type B, the first actual PUSCH repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are considered, 
· The UE does not expect the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam to have a single symbol duration (similar restriction as in Rel-16 NR for the single TRP case).
· The first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are expected to have the same number of symbols
· FFS: X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam
· FFS: Any further restrictions/enhancements needed on supporting A-CSI multiplexing on PUSCH repetitions
· FFS: whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.

Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols
· Whether frequency hopping is performed among the repetitions with the same beam
· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource

Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH,
· Two TPMI fields are indicated in DCI formats 0_1/0_2.
· The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only containsindicates the second TPMI index. The same number of layers are applied as indicated in the first TPMI field.
· FFS: Details of second TPMI field interpretation including changes expected in Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212
· FFS: Interpreting TPMI fields when multi-TRP and single-TRP PUSCH repetition is applied.
· FFS: whether to support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.
· FFS: The size of the second TPMI field can be equal to or smaller than the size of the first TPMI field
· Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any


Agreement
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH, 
· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, 
· Support the same number of layers applied over repetitions
· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.
· Support dynamic switching between multi-TRP and single-TRP operation
· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations
· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.
· FFS: Support dynamic switching the order of two TRPs
· Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any

Agreement
Further study following alternatives to support per TRP closed-loop power control for PUSCH , select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.


Indication of Two SRIs for Non-codebook Based PUSCH
In RAN1#104e, it was agreed that two SRI fields in DCI format 0_1 and DCI format 0_2 will be supported for PUSCH repetition to multiple TRPs, where the first SRI field is the same as in Rel-15/16. The second SRI field will be designed with the assumption that the same number of layers applied for repetitions to both TRPs.  
Assuming N1 bits are allocated for the first SRI field and N2 bits for the second SRI field as shown in  Figure 3, the first SRI field has a same number of bits and same codepoint to SRI mapping as in Rel-15/16 DCI Format 0_1 or DCI Format 0_2. 
[image: ]
[bookmark: _Ref62501438]Figure 3: an example of using separate bit fields for the first and the second SRIs.
Note that multiple of SRIs may be associated with a single codepoint for non-codebook based SRS resource set, where each SRI indicates a SRS resource or a SRS port. Thus, the number of SRIs indicated by a codepoint is also equivalent to the number of antenna ports.   
For the second SRI field,  codepoint to SRI(s) mappings depend on the number of SRIs (SRS ports) indicated by the first SRI field. If the first SRI field indicates x ports, the codepoints of the second SRI field would be mapped only to the SRI(s) associated with x ports.  
One design option for the second SRI field is as follows. Let  be the number of  codepoints in the first SRI field associated with the x number of SRS ports (or SRIs) and the corresponding codepoints are  where , then codepoint  of the second SRI field is mapped to SRI(s) associated with codepoint  of the first SRI field. The remaining codepoints are reserved. This is illustrated in Figure 4.  With this approach, the number of bits needed for the 2nd SRI field can be reduced.  
[image: ]
[bookmark: _Ref68640550]Figure 4: An example of mapping codepoints of the second SRI field to  x number of SRS ports. 


An example is shown in Figure 5, where  Table 7.3.1.1.2-31 of 38.212 with , and is assumed and N1=4.  If the first SRI field indicates x=2 SRS ports with any one of the code points 4 to 9,  only codepoint to SRI(s) mappings for 2 ports are used in the second SRI field.  Considering that x can be 1,2,3,4 in this case, N2=3 bits are needed for the second SRI field. 
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[bookmark: _Ref62507218]Figure 5: An example of mapping codepoints of the second SRI field to SRIs based on the indicated number of ports by the first SRI field.
[bookmark: _Toc68384366][bookmark: _Toc68648977]For non-codebook based multi-TRP PUSCH, codepoint to SRI(s) mapping for the second SRI field depends on the rank (e.g., the number of SRS ports or SRIs) indicated by the first SRI field. The number of bits, ,  for the second SRI field is determined by the maximum number of codepoints per rank among all ranks associated with the first SRI field. For each rank x,   the first  codepoints are mapped to  SRIs of rank x associated with the first SRS field, the remaining  codepoints are reserved. 
Indication of Two TPMIs for Codebook based PUSCH
It was agreed in the last meeting that two TPMI fields in DCI formats 0_1 and 0_2 will be supported for PUSCH repetitions to multiple TRPs.  The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only contains the second TPMI index. The same number of layers are applied as indicated in the first TPMI field. 
[image: ]
[bookmark: _Ref62504418]Figure 6: an example of the first and the second TPMI fields
Similar to SRI, one design option for the second TPMI field is as follows. Let  be the number of  codepoints in the first TPMI field associated with y layers and the corresponding codepoints are  where , then codepoint  of the second TPMI field is mapped to a TPMI associated with codepoint  of the first TPMI field. The remaining codepoints are reserved.
Using Table 7.3.1.1.2-2 of 38.212 as an example, where M1=6 (i.e., 64 code points), the maximum number of codepoints among 1,2,3, and 4 layers that can be indicated by the first TPMI is 28.  In this example, we need M2=5.  The TPMI mapping for the second TPMI field is shown in Figure 7.
	1st TPMI field
	2nd TPMI field

	
	
	1st TPMI indicates 
1 layer
	1st TPMI indicates 
2 layers
	1st TPMI indicates
3 layers
	1st TPMI indicates 
4 layers

	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	2 layers: TPMI=0
	3 layers: TPMI=0
	4 layers: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	2 layers: TPMI=1
	3 layers: TPMI=1
	4 layers: TPMI=1

	…
	…
	..
	…
	..
	..
	..

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	2 layers: TPMI=3
	3 layers: TPMI=3
	4 layers: TPMI=3

	4
	2 layers: TPMI=0
	4
	1 layer: TPMI=4
	2 layers: TPMI=4
	3 layers: TPMI=4
	4 layers: TPMI=4

	5
	2 layers: TPMI=1
	5
	1 layer: TPMI=5
	2 layers: TPMI=5
	3 layers: TPMI=5
	reserved

	6
	2 layers: TPMI=2
	6
	1 layer: TPMI=6
	2 layers: TPMI=6
	3 layers: TPMI=6
	reserved

	…
	…
	..
	…
	…
	reserved
	reserved

	9
	2 layers: TPMI=5
	9
	1 layer: TPMI=9
	2 layers: TPMI=9
	reserved
	reserved

	10
	3 layers: TPMI=0
	10
	1 layer: TPMI=10
	2 layers: TPMI=10
	reserved
	reserved

	11
	4 layers: TPMI=0
	11
	1 layer: TPMI=11
	2 layers: TPMI=11
	reserved
	reserved

	12
	1 layer: TPMI=4
	12
	1 layer: TPMI=12
	2 layers: TPMI=12
	reserved
	reserved

	…
	…
	..
	..
	…
	reserved
	reserved

	19
	1 layer: TPMI=11
	19
	1 layer: TPMI=19
	2 layers: TPMI=19
	reserved
	reserved

	20
	2 layers: TPMI=6
	20
	1 layer: TPMI=20
	2 layers: TPMI=20
	reserved
	reserved

	21
	2 layers: TPMI=7
	21
	1 layer: TPMI=21
	2 layers: TPMI=21
	reserved
	reserved

	…
	…
	..
	…
	reserved
	reserved
	reserved

	27
	2 layers: TPMI=13
	27
	1 layer: TPMI=27
	reserved
	reserved
	reserved

	28
	3 layers: TPMI=1
	28
	reserved
	reserved
	reserved
	reserved

	29
	3 layers: TPMI=2
	29
	reserved
	reserved
	reserved
	reserved

	30
	4 layers: TPMI=1
	30
	reserved
	reserved
	reserved
	reserved

	31
	4 layers: TPMI=2
	31
	reserved
	reserved
	reserved
	reserved

	32
	1 layers: TPMI=12
	
	
	
	
	

	…
	…
	
	
	
	
	

	47
	1 layers: TPMI=27
	
	
	
	
	

	48
	2 layers: TPMI=14
	
	
	
	
	

	…
	…
	
	
	
	
	

	55
	2 layers: TPMI=21
	
	
	
	
	

	56
	3 layers: TPMI=3
	
	
	
	
	

	…
	…
	
	
	
	
	

	59
	3 layers: TPMI=6
	
	
	
	
	

	60
	4 layers: TPMI=3
	
	
	
	
	

	61
	4 layers: TPMI=4
	
	
	
	
	

	62-63
	reserved
	
	
	
	
	


[bookmark: _Ref62547442]Figure 7: An example of mapping codepoints of the second TPMI field to TPMIs based on the indicated number of layers by the first TPMI field, where the first TPMI field corresponds to Table 7.3.1.1.2-2 and with codebookSubset = fullyAndPartialAndNonCoherent.



[bookmark: _Toc68384371][bookmark: _Toc68384373][bookmark: _Toc61828161][bookmark: _Toc61830670][bookmark: _Toc61830761][bookmark: _Toc61830788][bookmark: _Toc61868822][bookmark: _Toc68648978] For codebook based multi-TRP PUSCH, the second TPMI field’s bit width, , is determined by the maximum number of TMPIs per rank among all ranks associated with the first TMPI field.  For each rank y,  the first  codepoints of the second TMPI field are mapped to  TPMIs of rank y associated with the first TPMI field in increasing order codepoint index, the remaining  codepoints are reserved.  
Dynamic Switching Between S-TRP and M-TRP
It has been agreed that dynamic switching between PUSCH transmission to a single TRP and multiple TRPs will be supported. In the last meeting, using some reserved codepoints in SRI or TMPI was proposed.  However, SRI field is not be present if there is a single SRS resource in a SRS resource set. In case of non-codebook based PUSCH, TPMI field is not present.  In case of codebook based PUSCH, TPMI field is not present if there is a single SRS port in an SRS resource.  If the fields are present, there is not always reserved codepoints.  
One possible way to solve this problem may be to add an extra bit to the SRI or TPMI field in case there is no reserved bits or enough reserved bits.  Another straightforward way is to add a dedicated bit field in DCI for dynamic switching. For example, a bit field of two bits may be enough with
· 00:  both SRI fields are enabled
· 01:  the 1st SRI field is enabled
· 10:  the 2nd SRI field is enabled
· 11:  reserved

[bookmark: _Toc68648979]A new bit field is introduced for dynamic switching between PUSCH transmission to single TRP and to multi-TRP.
Open Loop Power Control
In the last meeting, it was agreed that up to two sets of PUSCH power control parameters, one set for each SRI field in DCI, will be supported.  The remaining question is how to configure the two sets in RRC. Four alternatives have been proposed, i.e., 
·  Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
· Alt. 3: Let RAN2 handle this
· Alt.4: Add second sri-PUSCH-PathlossReferenceRS-Id/sri-P0-PUSCH-AlphaSetId/sri-PUSCH-ClosedLoopIndex in SRI-PUSCH-PowerControl.

Alt.1,Alt.2, and Alt.4 are all about details of RRC messages, which in our opinion is outside of RAN1’s expertise and we better leave it to RAN2 to decide what is the better way to configure. 

[bookmark: _Toc68648980]For single-DCI based M-TRP repetition schemes, how to configure two sets of PUSCH power control parameters is left to RAN2.

In Rel-15/16, MAC CE is used to update PUSCH pathloss reference RS for one or more SRI to PUSCH power control parameter mappings.  For PUSCH transmission to multiple TRPs, if the existing MAC CE is used, there would be an ambiguity on which SRI field in a DCI the update is for.  Therefore, the existing MAC CE needs to be changed/modified to include an indicator to indicate which SRI field in a DCI the update is for.
[bookmark: _Toc68648981]For single-DCI based M-TRP PUSCH repetition schemes, an indicator is included in the MAC CE for updating PUSCH pathloss reference RS to indicate which SRI field for which the PUSCH pathloss RS is being updated.

When a PHR report is to be carried on a PUSCH that is to be repeated towards different TRPs, different transmit powers may be determined for different PUSCH occasions.  For PHR calculation based on an actual PUSCH, if the PHR carrying PUSCH is repeated towards different TRPs,  which PUSCH occasion to be used for calculating the PHR is an issue. 
One option is to use the first PUSCH occasion for calculating the PHR.  In another option, two PHRs are calculated, each associated with a first PUSCH occasion to each TRP, but one of them is reported, e.g., the largest.  In a third option, the average of the two PHRs is reported. 
[bookmark: _Toc68648982]Further study which among the following options is to use for PHR:
[bookmark: _Toc68648983]Option 1:   use the first PUSCH occasion for calculating the PHR
[bookmark: _Toc68648984]Option 2:  calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them
[bookmark: _Toc68648985]Option 3:  calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report the average of the two PHRs

Closed-loop Power Control
For closed loop power control associated with multiple TRPs, the following options were proposed in the last RAN1 meeting:
· Option 1: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option 2: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot. 
· Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.

In Option1, a same TPC command is applied to PUSCH transmissions to two TRPs.  This assumes that the two TRPs have the same pathloss to a UE and have the same receiver noise and UL interference level, which may be true in some scenario but certainly not be true in all scenarios.  

In Option 2, a TPC command is applied to only PUSCH transmissions to one of two TRPs, and closed-loop power control is not applied to the other TRP. This means that over time, the transmit power to the other TRP could drift away and could be far off from the desired receive target. 

In Option 3, a second TPC field is added for a second TRP. Thus, both TRPs can be power controlled independently. This option is more flexible and with minimum standardization effort.

In Option 4, a single TPC field is used to indicate two TPC commands, one for each TRP.  It has the same functionality if 2 bits are allocated for each TPC, otherwise if the goal is to have a single bit field with reduced field size, then some trade-off between the field size and number of power control steps is needed. 

Comparing the four options and based on our previous discussion on supporting two SRIs and TPMIs, we prefer Option 3.


[bookmark: _Toc68648986]For per TRP closed-loop power control for PUSCH, Option 3 is supported where a second TPC field is added in DCI formats 0_1 / 0_2.
[bookmark: _Hlk68013097]PTRS indication
In the last RAN1 meeting, it was agreed that for maximum rank =2, the same 2 bits PTRS field in DCI in Rel-15/16 will be used for m-TRP PUSCH repetitions with one bit for each TRP.  One of the remaining questions is whether maximum rank >2 should be supported. 
In case that a single PTRS port is configured, we think that maximum rank >2 can also be supported for m-TRP PUSCH repetitions.  There can be the following possible options:
· Option 1:  the MSB and LSB indicate one of the 1st and 2nd DMRS ports to be associated with a PT-RS port for a first and a second TRPs, respectively.
· Option 2: in case of rank 3 or 4, the MSB and LSB indicates one of the 1st and 3rd DMRS ports to be associated with a PT-RS port for a first and a second TRPs, respectively.
· Option 3: in case of rank 3 or 4, the PTRS-DMRS associations are only valid for the transmissions towards one of the TRPs (e.g. associated with the first SRI field), while a default association is used for the other TRP. 

The reason for Option 2 is that in partial coherent codebook for 4 layers, DMRS ports 0 and 1 are associated with PUSCH ports 1000 and 1002, and DMRS ports 2 and 3 are associated with PUSCH ports 1001 and 1003. Ports 1000 and 1002 (or ports 1001 and 1003) are typically associated with two co-located antennas with two different polarizations and such two polarizations often have similar SINR.  Hence, for partial coherent codebook, there is a slight benefit to associate either 1st and 3rd DMRS port with PTRS port 0 as they are most likely to differ more in SINR compared to 1st and 2nd DMRS port. 
In case of Option 3, it provides optimal association for one TRP, while the association for the other TRP may not be optimal.   
If maximum rank > 2 is supported, we slightly prefer Option 2.
[bookmark: _Toc68648987]Maximum rank >2 is supported for m-TRP PUSCH repetitions.
[bookmark: _Toc68648988]When maximum rank >2 and one PTRS port are configured per TRP in case of m-TRP PUSCH repetitions, select one of the three options for PTRS to DMRS mapping.
[bookmark: _Toc68648989]Option 1:  the MSB and LSB indicate one of the 1st and 2nd DMRS ports to be associated with a PT-RS port for a first and a second TRPs, respectively.
[bookmark: _Toc68648990]Option 2: in case of rank 3 or 4, the MSB and LSB indicates one of the 1st and 3rd DMRS ports to be associated with a PT-RS port for a first and a second TRPs, respectively.
[bookmark: _Toc68648991]Option 3: in case of rank 3 or 4, the PTRS-DMRS associations are only valid for the transmissions towards one of the TRPs (e.g. associated with the first SRI field), while a default association is used for the other TRP.

Another remaining question on PTRS is whether and how to support  two PTRS ports per TRP. In a first option, the MSB of the “PTRS-DMRS association” field in the  DCI is associated with PT-RS port 0 and the LSB of the field is associated with PT-RS port 1. The same PT-RS to DM-RS association indicated the “PTRS-DMRS association” field in the  DCI  is applied to PUSCH transmissions to  both TRPs.  
In a second option, the MSB of the “PTRS-DMRS association” field is for  a first TRP  and the LSB of the field is for a second TRP.  In case of rank 4 is indicated in DCI, the MSB (or LSB) indicates one of two DMRS ports associated with PUSCH ports 1000 and 1002  for PTRS port 0 and one of two DMRS ports associated with PUSCH ports 1001 and 1003 for PTRS port 1.  In case of rank 2 or 3,  the MSB (or LSB) indicates one of two DMRS ports associated with PUSCH ports 1000 and 1002  for PTRS port 0 or one of two DMRS ports associated with PUSCH ports 1001 and 1003 for PTRS port 1.  This is illustrated in Figure 9.  Transmission of two PUSCHs scheduled with two uplink DCIs for the same HARQ process according to restrictions specified in NR Rel-15/16.Figure 9.
SRS ports
of an indicated
SRS resource
1000
1001
1002
1003
DMRS port group 1 
{A1,A2}
SRS port group 1
associated with 
PT-RS port 0
SRS port group 2
associated with PT-RS port 1
DMRS port group 2
{B1,B2}
PT-RS port 0

PT-RS port 1
DMRS port Ai, i=1,2 
DMRS port Bi, i=1,2 
Index i is indicated 
by MSB or LSB 

Figure 8: Associating a DMRS port to a PT-RS port when 2 PT-RS ports per TRP are configured in the second option.
In a third option, when 2 PTRS ports per TRP are configured, two PTRS-DMRS association fields are used in DCI, one for each TRP.  The legacy Rel-15/16 mapping table is used.
[bookmark: _Toc68648992]Two PTRS ports are supported for m-TRP PUSCH repetitions.
[bookmark: _Toc68648993]When two PTRS ports are configured, select one of the three options for PTRS to DMRS mapping for m-TRP PUSCH repetitions. 
[bookmark: _Toc68648994]Option 1:  the MSB of the “PTRS-DMRS association” field in the DCI is associated with PT-RS port 0 and the LSB of the field is associated with PT-RS port 1. The same PT-RS to DM-RS association indicated the “PTRS-DMRS association” field in the DCI is applied to PUSCH transmissions to both TRPs.
[bookmark: _Toc68648995]Option 2:  the MSB of the “PTRS-DMRS association” field is for a first TRP and the LSB of the field is for a second TRP.  In case rank 4 is indicated in DCI, the MSB (or LSB) indicates one of two DMRS ports associated with PUSCH ports 1000 and 1002 for PTRS port 0 and one of two DMRS ports associated with PUSCH ports 1001 and 1003 for PTRS port 1.  In case of rank 2 or 3, the MSB (or LSB) indicates one of two DMRS ports associated with PUSCH ports 1000 and 1002 for PTRS port 0 or one of two DMRS ports associated with PUSCH ports 1001 and 1003 for PTRS port 1.
[bookmark: _Toc68648996]Option 3:  when 2 PTRS ports per TRP are configured, two PTRS-DMRS association fields are used in DCI, one for each TRP.  The legacy Rel-15/16 mapping table is used.

Dynamic Switching the Order of Two TRPs
In the last meeting, supporting dynamic switching between PUSCH transmission to a single-TRP and multi-TRP was agreed.  One remaining issue was whether the order of TRP can also be dynamically switched, i.e., the first SRI/TMPI field can be associated with the second TRP.  The use case is unclear for such a switching. 
[bookmark: _Toc68648997]dynamic switching the order of two TRPs is not supported.

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, inter-repetition frequency hopping and inter-slot frequency hopping can be configured. PUSCH frequency hopping can be dynamically controlled using a bit in the DCI.  
For inter-slot frequency hopping, the starting RB in slot  in a radio frame is given by
	, 
In case of inter-repetition frequency hopping, the starting RB for an actual repetition within the n-th nominal repetition is given by:
                                        
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 type A, full spatial and frequency diversity can be achieved with either intra-slot FH or per TRP inter-slot FH. To support per TRP inter-slot FH, the slot number in the formula needs to be replaced with a repetition number for each TRP. Similarly, to support per TRP inter-repetition FH for PUSCH repetition type B, the nominal repetition needs to be counted for each TRP. 
[bookmark: _Toc68648998]Per TRP inter-slot and inter-repetition frequency hopping are supported.

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: _Toc68648958]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: _Toc68648999] There is no specification change required related to default beam for DCI format 0_0. 

TRP to PUSCH Mapping
On TRP to PUSCH transmission occasion mapping, the following working assumption was reached in the last meeting:
Working Assumption
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· FFS: Support of half-half mapping. 
· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 
Companies are encouraged to provide further simulation results to decide details.


According to the RAN4 LS response, if the spatial filter to transmit the beam is known, beams are switched within same panel, and UL timing is the same for different UL beams, the transient period is 5us in FR2.  The transient period is to be determined with cross panel beam switch and/or if the spatial filter to transmit the beam is unknown and/or UL timing is different between different UL beams. For FR1, the transient period(s) between two PUCCH/PUSCH TDMed repetitions ranges from 10us to 15us depending on whether the switch from one transmission to the next is from the same antenna port or different antenna ports.
For m-TRP PUSCH repetition type A, the transient period can be accommodated by configuring the starting symbol of a PUSCH resource away from the slot start or accepting some performance degradation during the transient period. Both can be done by implementation without specification change.
For m-TRP PUSCH repetition type B, the transient period may represent a substantial part of a PUSCH repetition and large performance impact could occur if no time gap is configured between two repetitions to different TRPs. In this case, a time gap may be needed. 
[bookmark: _Toc68648959]For PUSCH repetition type B to m-TRP, a time gap may be configured between repetitions to different TRPs.  For PUSCH repetition type A, the transient period can be resolved by implementation.
[bookmark: _Toc68649000]For PUSCH repetition type B to m-TRP, a configurable time gap  is supported between two repetitions to two different TRPs.
[bookmark: _Toc68649001]Confirm the work assumption at least for PUSCH repetition type A.
CG Configuration
In case of type 1 CG, PUSCH repetition to two TRPs   are indicated when two SRIs and two pathloss reference RS are configured. In case of type 2 CG, the SRIs (or UL TCI states) and the associated parameters may be either configured by higher layers or signaled in DCI activating the CG.
When multiple TRPs are configured for a CG (i.e., configured with multiple SRIs or UL TCI states), RV sequence may be applied independently for each TRP.  This ensures that if one TRP is blocked, the PUSCH can be decoded from the other TRP.  

[bookmark: _Toc68649002]For type 1 CG PUSCH transmission towards multiple TRPs, support configuring two SRI/TPMIs as part of ConfiguredGrantConfig..
[bookmark: _Toc68649003]For type 1 CG PUSCH transmission towards multiple TRPs, support configuring two frequency domain allocations in ConfiguredGrantConfig.
[bookmark: _Toc68649004]  For type 2 CG PUSCH transmission towards multiple TRPs, two SRIs/PMIs are indicated via the activating DCI.

Aperiodic CSI on PUSCH

It was agreed in the last RAN1 meeting that A-CSI on PUSCH will be repeated once to each TRP in case of m-TRP PUSCH repetition. For PUSCH repetition type A, A-CSI will be transmitted in the first PUSCH repetition to each TRP.   
For PUSCH repetition type B, A-CSI will be transmitted in the first actual PUSCH repetition with more than one symbol to a first TRP and in the Xth actual PUSCH repetition with the more than one symbol to a second TRP.  
One of the remain issues is what X should be. Anther issue is whether the two actual repetitions for carrying the A-CSI need to have the same number of OFDM symbols. In our view, the restriction of having the same number of symbols for the two actual repetitions seems to be unnecessary. To simplify design, it may be enough to have X=1.  
[bookmark: _Toc68646553][bookmark: _Toc68649005]For A-CSI on PUSCH with type B repetition to two TRPs, the A-CSI will be carried in the first actual PUSCH repetition having more than one symbol to each TRP.
Another issue is whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs. For SP-CSI on PUCCH and P-CSI that collides with PUSCH repetition in a slot,  Rel-15/16 CSI multiplexing  and dropping rules should apply.  For SP-CSI on PUSCH, if PUSCH repetition to m-TRP is dynamically indicated,  SP-CSI is repeated in multiple PUSCH repetitions to m-TRP. 
[bookmark: _Toc68649006]DCI activated SP-CSI on PUSCH repetitions towards multiple TRPs is supported. 


Multi-DCI based PUSCH Transmission Scheme
One of the benefits of using multiple DCIs to schedule PUSCHs for a same TB but targeting two different TRPs is that different MCSs, resource allocations, PMI and number of layers can be flexibly chosen for different PUSCHs to match the channels associated with different TRPs.  However, according to TS 38.214, there is the following scheduling restriction:
“The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.”
The 3GPP text above then states that the reception of PDCCH for next PUSCH corresponding to the same HARQ process cannot occur until the previous PUSCH has been transmitted.  In Figure 9, an illustration of this PUSCH scheduling restriction is given.  In this figure, PDCCH1 and PDCCH2, schedule an initial PUSCH and a retransmitted PUSCH corresponding to the same HARQ process.  Hence, as shown in the figure, our understanding is that PDCCH2 can only be received by the UE after the end of the initial PUSCH transmission scheduled by PDCCH1.  Hence, with current NR specification, meeting strict latency requirements is challenging when PUSCH repetitions are scheduled with multiple DCIs.  Note that this involves transmissions on same HARQ process (i.e., transmitting the same TB with different RVs via two PUSCHs on the same HARQ process).
[bookmark: _Toc68646507][bookmark: _Toc68648960]For PUSCH repetition over multi-TRP enhancements using two different DCIs, meeting strict latency requirements is challenging.

[image: ]
[bookmark: _Ref54346137][bookmark: _Ref68609760]Figure 9.  Transmission of two PUSCHs scheduled with two uplink DCIs for the same HARQ process according to restrictions specified in NR Rel-15/16.

For URLLC, it is beneficial to allow back-to-back (re)transmission of PUSCH over multiple TRPs where the PUSCHs are scheduled by different DCIs. In this way both reliability and reduced latency are addressed.  Back-to-back PUSCH repetition using different DCIs is demonstrated in Figure 10.

[bookmark: _Toc68648961]For PUSCH repetition over multi-TRP enhancements using two different DCIs, allowing back-to-back (re)transmission of PUSCH over multiple TRPs is beneficial.

[image: ]
[bookmark: _Ref54349733]Figure 10.  An example of back-to-back PUSCH repetitions using different DCIs

[bookmark: _Toc68649007]Support allowing back-to-back scheduling of PUSCH repetitions via multiple DCIs over multiple TRPs in NR Rel-17. 

PUCCH Enhancements
In the last RAN1 meeting, the following agreements were reached on PUCCH enhancements [2]. In this sub-section, we discuss the remaining issues and present our views.Agreement
For M-TRP PUCCH scheme 1,  
· Support PUCCH formats 0 and 2 (in addition to agreed PUCCH formats 1,3,4)
Agreement
For M-TRP PUCCH scheme 1, 
· For PUCCH formats 1/3/4, values for the total number of repetitions at least contain values 2, 4, and 8.  
· FFS: maximum repetition number can be extended to 16.
· For PUCCH formats 0/2, the total number of repetitions at least contain 2.  
· FFS: other values.
· RRC configured number of slots (repetitions) are applied across both TRPs (e.g if the number of repetitions given by nrofSlots in PUCCH-config is 8, per TRP limit is 4). 
Agreement
To support per TRP power control for multi-TRP PUCCH schemes in FR1, 
· Two sets of power control parameters are used, and each set has a dedicated value of p0, pathloss RS ID and a closed-loop index. 
· FFS: details on how a PUCCH resource can be linked to one or both of the two sets of power control parameters.
· FFS: whether PUCCH resource group can be linked to power control parameter sets.

Working Assumption
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.

Conclusion
For Multi-TRP PUCCH Scheme 1/3 at least containing HARQ ACK, supporting dynamic switching between multi-TRP PUCCH scheme and single-TRP PUCCH transmission is not restricted, and can be done by associating, 
· a PUCCH resource activated with one or two spatial-relation-info and PRI bit-field indicating a PUCCH resource,
· or a PUCCH resource with one or two power control parameter sets and PRI bit-field indicating a PUCCH resource
FFS: Support of dynamic switching for Scheme 2 (if the schemes supported)
Working assumption
For beam mapping /power control parameter set mapping for PUCCH repetitions,
· For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).
· For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource set mapping to sub-slots.
· This working assumption is also subjected to the RAN4 LS R1-2009807 and confirmed based on the RAN4 reply. 
Agreement
Further study following alternatives to support per TRP closed-loop power control for PUCCH , select  from the below options during the RAN1 #104-e-bis meeting.
· 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.2: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.




Open-loop Power Control

In NR Rel-15/16, PUCCH power control parameters for a PUCCH resource are indicated in the associated PUCCH spatial relation.  However, PUCCH spatial relation may not be configured in FR1 and in that case, a UE assumes closed-loop index , P0-PUCCH in p0-Set with the minimum p0-PUCCH-Id value, and PUCCH pathloss reference RS with index =0.  
For PUCCH repetition to multiple TRPs, two sets of power control parameters have been agreed to be configured, one set for each TRP. If PUCCH spatial relation is not configured in FR1, how to link a PUCCH resource to one of the two sets is an open issue.
In one option, for each PUCCH resource the associated set of power control parameters is configured under the PUCCH resource configuration.  In another option, for each PUCCH resource or a group of PUCCH resources, the set of power control parameters are activated/linked by a new MAC CE, similar to PUCCH spatial relation activation/deactivation.  The latter is preferred as minimum specification change seems to be required. 
[bookmark: _Toc68649008]If PUCCH spatial relation is not configured, support linking a PUCCH resource to one or two power control parameter sets with a MAC CE.
Closed-loop Power Control
In the last meeting, it was agreed that separate closed-loop power control for different TRPs is supported for PUCCH repetition to two TRPs.  In terms of how to indicate the corresponding TPCs in DCI format 1_1/1_2, the following options were proposed:
· 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.2: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
In Option 1, the same TPC is applied to both beams/TRPs, which is inconsistent to the agreement that separate closed-loop power control for different TRPs is supported.  

In Option 2, a single TPC is indicated and applied to one of the two TRPs, the other TRP is not power controlled or is controlled at next scheduling time. In our view, this is not the proper way for separate power control for each TRP.

In both option 3 and option 4, two TPC values are indicated, one for each TRP.  The difference is that in Option 3, two TPC fields are supported while in Option 4, a single TPC field is used. Both can achieve per TRP power control.  For Option 4, some further study is needed on how to jointly encode the two TPC values and whether the existing 2 bits TPC field in enough or more bits are needed.  

Therefore, we have the following proposal:

[bookmark: _Toc68649009]For per TRP closed-loop power control for PUCCH, support either Option 3 (two TPC fields in DCI 1_1/1_2) or Option 4 (one codepoint in TPC field indicating two TPC values) in NR Rel-17. 
RRC Configured Number of Repetitions
In the last RAN1 meeting, 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: _Toc68649010]For PUCCH formats 1/3/4, support extending the maximum total number of PUCCH repetitions for M-TRP PUCCH scheme 1 to 16. 
[bookmark: _Toc68649011]For PUCCH formats 0/2, support additional total number of repetitions of 4, 8 and 16 for M-TRP PUCCH scheme 1.

TRP to PUCCH Mapping 

According to the RAN4 LS response, if the spatial filter to transmit the beam is known, beams are switched within same panel , and UL timing is the same for different UL beams, the transient period is 5us in FR2.  The transient period is to be determined with cross panel beam switch and/or if the spatial filter to transmit the beam is unknown and/or UL timing is different between different UL beams. For FR1, the transient period(s) between two PUCCH/PUSCH TDMed repetitions ranges from 10us to 15us depending on whether the switch from one transmission to the next is from the same antenna port or different antenna ports.
For inter-slot PUCCH repetition, the transient period can be accommodated by configuring the starting symbol of a PUCCH resource or accepting a performance degradation during the transient period, both can be done by implementation without specification change.
For intra-slot PUCCH repetition with 2-symbol sub-slot, the transient period may represent a substantial part of a PUCCH duration and large performance impact could occur as there is not much room for shifting the PUCCH within a subslot.  In this case, a gap sub-slot or subslots may be needed. 
[bookmark: _Toc68648962]For subslot based PUCCH repetitions to m-TRP, a time gap in subslot may be configured.  For inter-slot PUCCH repetition, the transient period can be resolved by implementation.
[bookmark: _Toc68649012] A configurable time gap in subslot  is supported for intra-slot PUCCH repetitions to m-TRP.

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: _Toc68649013]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: _Toc68649014]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	Whether to count the number BDs together or separately needs to be determined.
Observation 2	In case of overbooking, it is beneficial that the linked SS sets are dropped individually.
Observation 3	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.
Observation 4	For PUSCH repetition type B to m-TRP, a time gap may be configured between repetitions to different TRPs.  For PUSCH repetition type A, the transient period can be resolved by implementation.
Observation 5	For PUSCH repetition over multi-TRP enhancements using two different DCIs, meeting strict latency requirements is challenging.
Observation 6	For PUSCH repetition over multi-TRP enhancements using two different DCIs, allowing back-to-back (re)transmission of PUSCH over multiple TRPs is beneficial.
Observation 7	For subslot based PUCCH repetitions to m-TRP, a time gap in subslot may be configured.  For inter-slot PUCCH repetition, the transient period can be resolved by implementation.


Based on the discussions  and the observations, we propose the following:
Proposal 1	The number of BDs should be kept as an integer.
Proposal 2	Two blind decodes, one for each PDCCH candidate,  are counted towards blind decoding limit  for two linked PDCCH candidates in PDCCH repetition.
Proposal 3	For PUCCH resource determination, using a CORESET with a smaller index in the linked SS sets is slightly preferred.
Proposal 4	The same rate matching rule agreed for FR1 is applied to FR2.
Proposal 5	For overbooking detection, one BD is counted for each of the two PDCCH candidates in two linked SS sets
Proposal 6	In case of overbooking, Rel-15 SS set dropping rules are applied.
Proposal 7	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 occurring later in time.
Proposal 8	Slightly prefer to use  TCI state of a CORESET with a lower index in two linked SS sets for receiving PDSCH scheduled with a DCI without TCI field.
Proposal 9	Linked PDCCH candidates can be overlapped at least for FR1.
Proposal 10	MAC CE for linking SS sets is not supported.
Proposal 11	Further study on whether and how to support PDCCH repetition for m-DCI based scheduling.
Proposal 12	A specification change to introduce Intra-slot repetition to a single TRP is not pursued.
Proposal 13	DCI Format 2-2/2-3 are also supported by multi-TRP based PDCCH enhancements.
Proposal 14	Consider finalizing PDCCH enhancement with intra-slot PDCCH repetition first.
Proposal 15	For non-codebook based multi-TRP PUSCH, codepoint to SRI(s) mapping for the second SRI field depends on the rank (e.g., the number of SRS ports or SRIs) indicated by the first SRI field. The number of bits, ,  for the second SRI field is determined by the maximum number of codepoints per rank among all ranks associated with the first SRI field. For each rank x,   the first  codepoints are mapped to  SRIs of rank x associated with the first SRS field, the remaining  codepoints are reserved.
Proposal 16	For codebook based multi-TRP PUSCH, the second TPMI field’s bit width, , is determined by the maximum number of TMPIs per rank among all ranks associated with the first TMPI field.  For each rank y,  the first  codepoints of the second TMPI field are mapped to  TPMIs of rank y associated with the first TPMI field in increasing order codepoint index, the remaining  codepoints are reserved.
Proposal 17	A new bit field is introduced for dynamic switching between PUSCH transmission to single TRP and to multi-TRP.
Proposal 18	For single-DCI based M-TRP repetition schemes, how to configure two sets of PUSCH power control parameters is left to RAN2.
Proposal 19	For single-DCI based M-TRP PUSCH repetition schemes, an indicator is included in the MAC CE for updating PUSCH pathloss reference RS to indicate which SRI field for which the PUSCH pathloss RS is being updated.
Proposal 20	Further study which among the following options is to use for PHR:
Option 1:   use the first PUSCH occasion for calculating the PHR
Option 2:  calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them
Option 3:  calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report the average of the two PHRs
Proposal 21	For per TRP closed-loop power control for PUSCH, Option 3 is supported where a second TPC field is added in DCI formats 0_1 / 0_2.
Proposal 22	Maximum rank >2 is supported for m-TRP PUSCH repetitions.
Proposal 23	When maximum rank >2 and one PTRS port are configured per TRP in case of m-TRP PUSCH repetitions, select one of the three options for PTRS to DMRS mapping.
Option 1:  the MSB and LSB indicate one of the 1st and 2nd DMRS ports to be associated with a PT-RS port for a first and a second TRPs, respectively.
Option 2: in case of rank 3 or 4, the MSB and LSB indicates one of the 1st and 3rd DMRS ports to be associated with a PT-RS port for a first and a second TRPs, respectively.
Option 3: in case of rank 3 or 4, the PTRS-DMRS associations are only valid for the transmissions towards one of the TRPs (e.g. associated with the first SRI field), while a default association is used for the other TRP.
Proposal 24	Two PTRS ports are supported for m-TRP PUSCH repetitions.
Proposal 25	When two PTRS ports are configured, select one of the three options for PTRS to DMRS mapping for m-TRP PUSCH repetitions.
Option 1:  the MSB of the “PTRS-DMRS association” field in the DCI is associated with PT-RS port 0 and the LSB of the field is associated with PT-RS port 1. The same PT-RS to DM-RS association indicated the “PTRS-DMRS association” field in the DCI is applied to PUSCH transmissions to both TRPs.
Option 2:  the MSB of the “PTRS-DMRS association” field is for a first TRP and the LSB of the field is for a second TRP.  In case rank 4 is indicated in DCI, the MSB (or LSB) indicates one of two DMRS ports associated with PUSCH ports 1000 and 1002 for PTRS port 0 and one of two DMRS ports associated with PUSCH ports 1001 and 1003 for PTRS port 1.  In case of rank 2 or 3, the MSB (or LSB) indicates one of two DMRS ports associated with PUSCH ports 1000 and 1002 for PTRS port 0 or one of two DMRS ports associated with PUSCH ports 1001 and 1003 for PTRS port 1.
Option 3:  when 2 PTRS ports per TRP are configured, two PTRS-DMRS association fields are used in DCI, one for each TRP.  The legacy Rel-15/16 mapping table is used.
Proposal 26	dynamic switching the order of two TRPs is not supported.
Proposal 27	Per TRP inter-slot and inter-repetition frequency hopping are supported.
Proposal 28	There is no specification change required related to default beam for DCI format 0_0.
Proposal 29	For PUSCH repetition type B to m-TRP, a configurable time gap  is supported between two repetitions to two different TRPs.
Proposal 30	Confirm the work assumption at least for PUSCH repetition type A.
Proposal 31	For type 1 CG PUSCH transmission towards multiple TRPs, support configuring two SRI/TPMIs as part of ConfiguredGrantConfig..
Proposal 32	For type 1 CG PUSCH transmission towards multiple TRPs, support configuring two frequency domain allocations in ConfiguredGrantConfig.
Proposal 33	For type 2 CG PUSCH transmission towards multiple TRPs, two SRIs/PMIs are indicated via the activating DCI.
Proposal 34	For A-CSI on PUSCH with type B repetition to two TRPs, the A-CSI will be carried in the first actual PUSCH repetition having more than one symbol to each TRP.
Proposal 35	DCI activated SP-CSI on PUSCH repetitions towards multiple TRPs is supported.
Proposal 36	Support allowing back-to-back scheduling of PUSCH repetitions via multiple DCIs over multiple TRPs in NR Rel-17.
Proposal 37	If PUCCH spatial relation is not configured, support linking a PUCCH resource to one or two power control parameter sets with a MAC CE.
Proposal 38	For per TRP closed-loop power control for PUCCH, support either Option 3 (two TPC fields in DCI 1_1/1_2) or Option 4 (one codepoint in TPC field indicating two TPC values) in NR Rel-17.
Proposal 39	For PUCCH formats 1/3/4, support extending the maximum total number of PUCCH repetitions for M-TRP PUCCH scheme 1 to 16.
Proposal 40	For PUCCH formats 0/2, support additional total number of repetitions of 4, 8 and 16 for M-TRP PUCCH scheme 1.
Proposal 41	A configurable time gap in subslot  is supported for intra-slot PUCCH repetitions to m-TRP.
Proposal 42	Support intra-slot PUCCH repetition to single TRP.
Proposal 43	Rel-15 collision handling for PUCCH repetition is applied for PUCCH repetition to m-TRP.
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