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Introduction
In RAN1#104bis-e,  further agreements were made on PDCCH, PUSCH, and PUCCH enhancements for multi-TRP in NR Rel-17.  In this contribution, we discuss our views on some remaining design details for PUSCH and PUCCH.
[bookmark: _Ref178064866]Discussion
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
When SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2, for linking SRI fields to two power control parameters, it is up to RAN2 to finalize the RRC details related to linking. RAN1 identified that the following options could be used. 
· 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
Agreement
When MAC-CE indicates a PL-RS ID for one or more SRI IDs, it also indicates whether the SRI IDs are associated with the first or the second SRS resource set.
Agreement 
For the indication of open-loop power control parameter (OLPC) in DCI format 0_1/0_2, support enhanced open-loop power control parameter (OLPC) set indication by indicating per-TRP OLPC set.
· FFS: Details of indication.
Agreement
For multiplexing A-CSI on two PUSCH repetitions in the case of multi-TRP PUSCH repetition,
· For S-DCI based multi-TRP PUSCH repetition Type B, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the first (X = 1) PUSCH repetition corresponding to the second beam.
· The UE is expected to follow the above operation for multiplexing A-CSI on two PUSCH repetitions only if 
· the first actual repetition corresponding to the first beam and the first actual repetition corresponding to the second beam does not have the same number of symbols, and 
· 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.
· The content for the two A-CSI should be the same
· Note: RAN1 has the assumption on CSI timelines are followed as rel-15/16, including UE shall expect the timeline for the first A-CSI meets Z and Z’ requirement
· FFS: For s-DCI based multi-TRP PUSCH repetition Type A and B, support multiplexing of 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. 
· 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).



Working Assumption
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
· FFS: Whether the new field is 1 bit or 2 bits

Agreement
For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· 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 

Working Assumption 
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, ,  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  codepoint(s) are mapped to  SRIs of rank x associated with the first SRS field, the remaining  codepoint(s) are reserved.

Agreement 
For CB based M-TRP PUSCH repetition, the first TPMI field is used to determine the entry of the second TPMI field which only contains TPMIs corresponding to the indicated rank (number of layers) of the first TPMI field. The second TPMI field’s bit width, , is determined by the maximum number of TPMIs per rank among all ranks associated with the first TPMI field. For each rank y,  the first  codepoint(s) of the second TPMI field are mapped to  TPMI(s) of rank y associated with the first TPMI field in increasing order codepoint index, the remaining  codepoint(s) are reserved.
· How to describe/capture this in 38.212 is up to the editor.
Agreement 
Confirm the following working assumption (with removing the last bullet):
· 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) 



Agreement 
For single DCI based M-TRP PUSCH Type B repetition, the indication of PTRS-DMRS association for maxRank > 2 is supported, down select one of the following options in RAN1 #105-e meeting, 
· 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.
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'.


Dynamic Switching Between S-TRP and M-TRP
In the last meeting, after lengthy discussion a working assumption was finally agreed to introduce a new bit field in DCI Formats 0_1 and 0_2 for dynamic switching between single TRP and multi-TRP PUSCH scheduling.  A remaining issue is whether one bit or two bits should be contained in the new bit field.  
With one bit, either single TRP or multi-TRP scheduling can be indicated. Since there are two SRI/TPMI fields, for single TRP a UE still needs to know which one of the two fields is actually used in the DCI. One option is that for s-TRP, the first field is always assumed. This means that for s-TRP, PUSCH is always sent towards a same TRP if the same SRS resource set is mapped to the first SRI/TPMI field and for m-TRP, the first/second SRI/TPMI field is always mapped to the first/second SRS resource set. Then, the PUSCH transmission would always start towards a TRP associated with the first SRS resource set. This may have some impact on PHR reporting if it is always reported based on the first PUSCH transmission.  
With two bits, which SRI/TPMI field is used for single TRP can be dynamically indicated.  In addition, for m-TRP the mapping between the SRI/TPMI fields and the SRS resource sets can be dynamically swapped. This allows PUSCH transmission to start from different TRPs. One use case is for PHR reporting, in which gNB may get PHR reports with respect to different TRPs by switching the transmission order towards the two TRPs. An example of 2 bits field is shown in Table 1. 
Considering the scheduling restrictions with one bit, 2bits are preferred. 
[bookmark: _Ref71663513]Table 1: An example of dynamic indication of s-TRP and m-TRP with a new bit field of 2 bits.
	codepoint
	SRS resource set(s)
	SRI/TPMI field(s)

	00
	s-TRP,  1st SRS resource set (1st TRP)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP,  2nd SRS resource set (2nd TRP)
	1st SRI/TPMI field (2nd field is unused)

	10
	m-TRP
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields

	11
	m-TRP
1st SRI/TPMI field: 2nd SRS resource set
2nd SRI/TPMI field: 1st  SRS resource set
	Both 1st and 2nd SRI/TPMI fields



[bookmark: _Toc71670679]Confirm the working assumption on dynamic switching.
[bookmark: _Toc71670680]A bit field of 2 bits is supported for dynamic switching between PUSCH transmission to single TRP and to multi-TRP.
Second SRI field, non-CB based
In RAN1#104bis-e, the following working assumption was agreed on the second SRI field in DCI for non-codebook based PUSCH:
Working Assumption 
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, ,  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  codepoint(s) are mapped to  SRIs of rank x associated with the first SRS field, the remaining  codepoint(s) are reserved.

The above working assumption was agreed before the working assumption was made on dynamic sTRP and m-TRP switching as some companies were still thinking about the possibility of using some codepoints for the purpose.   Given the working assumption on dynamic sTRP and mTRP switching, this working assumption should be confirmed. 
[bookmark: _Toc71670681]Confirm the working assumption on the 2nd SRI field for non-CB based PUSCH
P0 for URLLC
In the last meeting, it was agreed that for open-loop power control (OLPC) parameter set indication in DCI format 0_1/0_2, indicating per-TRP OLPC set will be supported. The remaining issue is how to indicate in DCI.  There can be possibly two options, i.e.
· Option 1:  a new OLPC set indication field is introduced in DCI to indicate whether a P0 value for URLLC  or eMBB should be used for PUSCH transmission towards a second TRP
· Option 2:  the existing OLPC set indication bit field is used to indicate whether a P0 value for URLLC  or eMBB should be used for PUSCH transmissions towards the respective TRP

In Option 1, whether P0 for eMBB or URLLC is used can be independently indicated per TRP. However, PUSCH repetitions are for a same TB and thus are associated with a same traffic type.  It is unclear why different types of P0 would be applied to PUSCH repetitions towards different TRPs.  In Option 2, the same type of  P0 configured for either eMBB or URLLC is indicated for PUSCH repetitions to both TRPs. Different P0 values can still be configured and applied for different TRPs based on the corresponding SRI to P0 mapping for eMBB or URLLC.  This should be enough in our view.
[bookmark: _Toc71670682]Option2 (i.e., using the existing bit field) is supported for indicating whether  per TRP P0 for URLLC  or eMBB should be applied for PUSCH repetitions.
Power Head Room Reporting
In the last meeting, the following options were agreed 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 order for gNB to make better scheduling decisions, it is desirable to have power headroom (PH) information for both TRPs.  This could be achieved in a number of ways in our view. One is to calculate and report two PHs, one for each TRP, anytime PHR is triggered and a mTRP PUSCH repetition is scheduled (this is option 4). Alternatively, PH to one TRP is calculated and reported each time a PHR is triggered and PHs to different TRPs are calculated and reported in different times. This may be achieved by option 2.  It can also be achieved by Option 1 if the TRP associated with the first PUCCH transmission occasion can be changed dynamically.  From UE perspective, PH for one TRP is calculated and reported each time, it is almost the same as in Rel-15/16.  For option 2. two PHs are calculated and one is reported, e.g., PH of a smaller value. 
Among the four options, option 4 or option 1 combined with dynamic TRP swapping seems to be feasible. The latter is slightly preferred as it has the least impact on UE. 
[bookmark: _Toc71670683]For PHR reporting with mTRP PUSCH, support either Option 1 with dynamic TRP swapping or Option 4. 
Closed-loop Power Control
For closed loop power control associated with multiple TRPs, the following options were proposed in RAN1#104e:
· 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: _Toc71670684]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 maximum rank >2, will be supported with one of the following three options to be down selected in this meeting:
· 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.
Regarding the use case for rank>2 and PTRS with PUSCH repetition Type B in FR2 is likely a corner case  and probably never configured. Adding 2 more bits for the 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: _Toc71670685]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.

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.  Therefore, per TRP inter-slot FH for repetition type A and inter-repetition FH for repetition type B should be supported in our view. 
[bookmark: _Toc71670686]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: _Toc71670696]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: _Toc71670687]There is no specification change required related to default beam for DCI format 0_0. 
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 both PUSCH repetition type A and type B, A-CSI will be transmitted in the first PUSCH repetition to each TRP if certain conditions are met. 
One remaining question is that whether the agreement also applies to A-CSI on PUSCH without UL data. In our view, there is no reason why it is not supported.
[bookmark: _Toc68646553][bookmark: _Toc71670688]The agreement on A-CSI on PUSCH with repetition to two TRPs applies also to PUSCH without data.
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: _Toc71670689]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: _Toc71670697]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: _Toc71670698]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: _Toc71670690]Support allowing back-to-back scheduling of PUSCH repetitions via multiple DCIs over multiple TRPs in NR Rel-17. 

PUCCH Enhancements
In RAN1#104bis-e, the following agreements were reached on PUCCH enhancements [2]. In this sub-section, we discuss the remaining issues and present our views.Agreement
For the case of multi-TRP, to support per-TRP power control in FR1, the linking of PUCCH resource with [one or] two power control parameter sets, the following is supported
· MAC-CE indicates RRC IE that configures power control parameter sets (p0, pathloss RS ID, and a closed-loop index).
· The exact design of RRC IE is up to RAN2 but from RAN1 point of view, one possible example is to reuse PUCCH-SpatialRelationInfo except for the referenceSignal 
Note: It is common understanding in RAN1 that one PUCCH resource can be linked to one power control parameter set.

Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1 #105-e meeting,  
· Option 1:
· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
· Option 2: 
· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)
· Option 3:
· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 
Agreement 
Confirm the following Working Assumption:
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows,
· Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 
· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.
Agreement 
Confirm the following Working Assumption (with small correction of typo and clarification on UE capability in RED):
· 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 parameter set mapping to sub-slots.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 





Closed-loop Power Control
In RAN1#104e, 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: _Toc71670691]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 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: _Toc71670692]For PUCCH formats 1/3/4, support extending the maximum total number of PUCCH repetitions for M-TRP PUCCH scheme 1 to 16. 
[bookmark: _Toc71670693]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: _Toc71670694]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: _Toc71670695]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	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 2	For PUSCH repetition over multi-TRP enhancements using two different DCIs, meeting strict latency requirements is challenging.
Observation 3	For PUSCH repetition over multi-TRP enhancements using two different DCIs, allowing back-to-back (re)transmission of PUSCH over multiple TRPs is beneficial.

Based on the discussions and the observations, we propose the following:
Proposal 1	Confirm the working assumption on dynamic switching.
Proposal 2	A bit field of 2 bits is supported for dynamic switching between PUSCH transmission to single TRP and to multi-TRP.
Proposal 3	Confirm the working assumption on the 2nd SRI field for non-CB based PUSCH
Proposal 4	Option2 (i.e., using the existing bit field) is supported for indicating whether  per TRP P0 for URLLC  or eMBB should be applied for PUSCH repetitions.
Proposal 5	For PHR reporting with mTRP PUSCH, support either Option 1 with dynamic TRP swapping or Option 4.
Proposal 6	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 7	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 8	Per TRP inter-slot and inter-repetition frequency hopping are supported.
Proposal 9	There is no specification change required related to default beam for DCI format 0_0.
Proposal 10	The agreement on A-CSI on PUSCH with repetition to two TRPs applies also to PUSCH without data.
Proposal 11	DCI activated SP-CSI on PUSCH repetitions towards multiple TRPs is supported.
Proposal 12	Support allowing back-to-back scheduling of PUSCH repetitions via multiple DCIs over multiple TRPs in NR Rel-17.
Proposal 13	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 14	For PUCCH formats 1/3/4, support extending the maximum total number of PUCCH repetitions for M-TRP PUCCH scheme 1 to 16.
Proposal 15	For PUCCH formats 0/2, support additional total number of repetitions of 4, 8 and 16 for M-TRP PUCCH scheme 1.
Proposal 16	Support intra-slot PUCCH repetition to single TRP.
Proposal 17	Rel-15 collision handling for PUCCH repetition is applied for PUCCH repetition to m-TRP.
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