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Introduction
The Rel-17 WID for further enhancements on MIMO (FeMIMO) is approved [1], which includes the following objective:
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 

In Rel. 16 mTRP enhancements, the focus was mostly on PDSCH reliability enhancements while reliability for PDCCH, PUCCH, and PUSCH was not taken into account explicitly due to lack of time. In order to ensure overall reliability of the system, it is important to ensure that both data and control for both downlink and uplink are reliable. In this contribution, we discuss the aspects related to reliability and robustness of PDCCH, PUCCH, and PUSCH separately.
PDCCH
This section is left blank due to the following note:
Only to handle UL part
· NO contributions to DL, please

[bookmark: _Ref61127651]PUCCH
In this section, we discuss remaining issues of mTRP PUCCH transmission.
Regarding closed-loop power control for PUCCH, i.e., TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same, different options have been identified and discussed in the previous couple of meetings:
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.

Option 3 results in constant increase in DCI overhead, i.e., the second field is present even if the indicated PUCCH resource has one beam. Option 2 complicates the power control procedures and additional rules are required to determine which slot is associated with which closedLoopIndex. Also, it is not clear whether the slot that DCI is received should be considered or the slot that that the PUCCH is transmitted. Therefore, one of options 1 or 4 are preferred. Note that in case of option 1, DCI indicating PUCCH resource with one beam or DCI format 2_2 (group-common TPC command for PUCCH) can anyway be used to control the two TPC commands of the two closed loop index values separately when needed. In the case of option 4, a mapping between TPC codepoints and a pair of TPC commands is required, but it allows for separately indicating the TPC commands (with coarser granularity) while not increasing the DCI overhead.
In the previous meeting, the following FL proposal was discussed as a compromise to close this issue:
	Proposal 2.2: To support per TRP closed-loop power control for PUCCH , a second TPC field can be configured via RRC .  
· When the second field is configured by RRC , a second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2 (option 3).
· When the second field is not configured by RRC ,  a single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams.
· This feature is subjected to whether UE support 2 closed-loop power control processes 



Given that this issue has been discussed for three meetings now, either Option 4, Option 1, or the above FL proposal can be accepted to finalize this issue.
[bookmark: PUCCH1]Proposal 1: For TPC command in DCI formats 1_1 / 1_2, if the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are different for multi-TRP PUCCH transmission schemes, support:
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2 (2 bits), and indicates two TPC values applied to two PUCCH beams, respectively (first preference).
· Support a mapping between TPC field codepoints and a pair of TPC commands.
· Option 1: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams (second preference).
· FL proposal 2.2 from the previous meeting with the clarification that it is only applicable when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are different (third preference)

In addition, the following three options were discussed in the previous meeting with respect to inter-slot frequency hopping in Scheme 1:
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). 
 
When inter-slot frequency hopping is enabled for inter-slot PUCCH repetition with two PUCCH-SpatialRelationInfoId’s, frequency hopping should be performed among the repetitions with the same beam to ensure that both beam diversity and frequency diversity are achieved. Otherwise, repetitions with a given beam may not go through both frequency hops, and frequency diversity may not be achieved. Figure 1 illustrates the case in which four PUCCH repetitions have different beams (for both cases of cyclic mapping and sequential mapping) and inter-slot frequency hopping is enabled.
[image: ]
[bookmark: _Ref53871159]Figure 1: Inter-slot frequency hopping for Scheme 1.
For the case of sequential mapping, the existing slot-level frequency hopping results in desirable behaviour. However, for the case of cyclic mapping, legacy slot-level frequency hopping results in same frequency for all the repetitions with the same beam, and hence, Option 1 above can address the issue. Furthermore, if we compare cyclic mapping + enhanced inter-slot frequency hopping with sequential mapping + legacy inter-slot frequency hopping as shown in Figure 1, we see that the former case realizes the beam diversity earlier that the latter case, and hence it is more suitable for early termination. Therefore, the benefit of Option 1 cannot be achieved by Options 2 or 3.
[bookmark: PUCCH2]Proposal 2: When inter-slot frequency hopping is configured with Scheme 1, support 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. 

Regarding the issue of PUCCH resource with lowest ID due to the existing rule in Rel. 15/16 to follow the beam / PL-RS of the PUCCH resource with the lowest ID for a PUSCH that is scheduled by DCI format 0_0, we prefer clarifications for clear UE behavior and to avoid confusion. Either a simple rule such as to follow the beam / PL-RS of the spatial relation info with the lowest ID among the two activated spatial relation info’s, or a statement that UE does not expect such cases to happen can address the issue. 

[bookmark: PUCCH3]Proposal 3: Support one of the following behaviours:
· If the PUCCH resource with the lowest ID is activated with two spatial relation info’s in a CC, the beam / PL-RS of the spatial relation info with the lower ID among the two active spatial relation info’s is followed for a PUSCH scheduled by DCI format 0_0 in the same CC, or
· UE does not expect the PUCCH resource with the lowest ID to be activated with two spatial relation info’s.
PUSCH
In this section, we discuss the following aspects related to single-DCI based PUSCH repetitions targeted toward different TRPs:
· SRI / TPMI signalling
· UL power control enhancements
· Frequency hopping
· PTRS-DMRS association
· Aperiodic CSI report on PUSCH
· UL-CG
[bookmark: _Ref54104908]Dynamic switching and SRI / TPMI Signalling
The following working assumption was agreed in the previous meeting regarding dynamic switching between single-TRP and multi-TRP:
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

Regarding whether the new field in the DCI should be 1 bit or 2 bits, given that at least three possibilities are required (first TRP only, second TRP only, both TRPs), we think the new field should be 2 bits. Otherwise, the dynamic switching between first TRP only and second TRP only is not possible, which is arguably more important that dynamic switching between first TRP only and multi-TRP.
If the necessity of three codepoints mentioned above is established, then given that two bits are required anyway, dynamic switching of the order of two TRPs come for free by using the fourth codepoint of the new DCI field. The dynamic switching of the order can be beneficial to reduce the latency depending on availability of resources at each TRP.
Another issue is related to how to determine the “first” or “second” SRS resource set / TRP / beam. That is, for CB/non-CB based PUSCH with two SRS resource sets, there needs to be rule as to which of the two is the first and which one is the second. Note that this clarification is needed regardless of dynamic switching of the order. For example, even with fixed order across the two TRPs / beams, UE needs to know which of the two SRS resource sets should be used for transmission parameters of the very first repetitions. For this purpose, we propose to use the SRS resource set ID as a straightforward solution w/o the need for additional signaling. 
Considering all aspects above (related to dynamic switching as well as determination of first/second SRS source sets), we propose:
[bookmark: PUSCH1]Proposal 4: For the new field in the DCI for dynamic switching:
· Support 2 bits with the following four codepoints
· First codepoint: All repetitions are associated with the first SRS resource set (first TRP)
· Second codepoint: All repetitions are associated with the second SRS resource set (second TRP).
· Third codepoint: The first set of repetitions are associated with the first SRS resource set and the second set of repetitions are associated with the second SRS resource set (TRP1 and TRP2)
· Fourth codepoint: The first set of repetitions are associated with the second SRS resource set and the second set of repetitions are associated with the first SRS resource set (TRP2 and TRP1).
· First / second SRS resource sets and first / second sets of repetitions are defined as
· The SRS resource set with lower ID is the first SRS resource set, and the other SRS resource set is the second SRS resource set. 
· The earliest repetition in time and the other repetitions associated with the same SRS resource set as the earliest repetition are the first set of repetitions. The remaining repetitions are the second set of repetitions.

Furthermore, the following are agreed regarding the second TPMI field (for CB-based PUSCH) and the second SRI field (for NCB-based PUSCH):
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, M2, 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 Ky codepoint(s) of the second TPMI field are mapped to Ky TPMI(s) of rank y associated with the first TPMI field in increasing order codepoint index, the remaining (2M2-Ky) codepoint(s) are reserved.
· How to describe/capture this in 38.212 is up to the editor.

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, N2, for the second SRI field is determined by the maximum number of codepoint(s) per rank among all ranks associated with the first SRI field. For each rank x, the first Kx codepoint(s) are mapped to Kx SRIs of rank x associated with the first SRS field, the remaining (2N2-Kx) codepoint(s) are reserved.

Given the above, the second TPMI / SRI field cannot indicate number of layers as number of layers is assumed to be given by the first TPMI / SRI field. Hence, when the new DCI field indicates all PUSCH repetitions are associated with one SRS resource set (either the first SRS resource set or the second SRS resource set), the first TPMI field and the first SRI field should be used for CB-based and NCB-based PUSCH, respectively. That is, even if DCI indicates all repetitions are associated with the second TRP / SRS resource set, the first TPMI field / SRI field should be used.
[bookmark: PUSCH2]Proposal 5: When the new field in the DCI indicates all repetitions are associated with one SRS resource set (either the first codepoint indicating the first SRS resource set or the second codepoint indicating the second SRS resource set):
· For CB-based PUSCH: The first TPMI field is used and the second TPMI field is ignored.
· For NCB-based PUSCH: The first SRI field is used and the second SRI field is ignored.

For codebook-based PUSCH, the following were agreed:
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

Regarding the FFS point “FFS: whether to support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.”, we think given that the second TPMI field may require up to 5 additional bits, it would be beneficial to have the option of applying the same TPMI to both set of repetitions (while the two sets of repetitions could still be targeted toward the two TRPs by using different beams / power control parameters). In this case, the TPMI may not be optimized per TRP / beam, but it can substantially decrease the DCI payload for codebook-based multi-TRP PUSCH repetition. Therefore, the presence of the second TPMI field can be RRC-configured, and the configuration can be separate for DCI format 0_1 versus DCI format 0_2.
[bookmark: PUSCH3]Proposal 6: For codebook-based multi-TRP PUSCH repetition (with two SRS resource sets), the presence of the second TPMI field can be separately configured for DCI format 0_1 and DCI format 0_2.
· When a DCI format is not configured to include the second TPMI field, the same precoding matrix is applied across all PUSCH repetitions even when the DCI format schedules two sets of repetitions.
[bookmark: _Ref54104885]Power Control Parameters
The following was agreed in the previous meeting regarding PUSCH power control:
Furthermore, if the two sets of ULPC parameters are associated with different closed loop index values, different options for TPC command were identified in the previous meeting:
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.

Similar to the discussions for PUCCH power control in Section ‎3, option 3 results in constant increase in DCI overhead, and option 2 complicates the power control procedures and additional rules are required to determine which slot is associated with which closedLoopIndex. Therefore, one of options 1 or 4 are preferred. Note that in case of option 1, DCI indicating one beam or DCI format 2_2 (group-common TPC command for PUSCH) can anyway be used to control the two TPC commands of the two closed loop index values separately when needed. In the case of option 4, a mapping between TPC codepoints and a pair of TPC commands is required, but it allows for separately indicating the TPC commands (with coarser granularity) while not increasing the DCI overhead.
Given that the issue above is similar to the issue of TPC command for PUCCH, we propose the following, which is the same as FL proposal 3.1 in the previous meeting.
[bookmark: PUSCH4]Proposal 7: To support per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2, adopt the same solution as with M-TRP PUCCH schemes.
The following related to indication of open-loop power control parameter (OLPC) was agreed in the previous meeting:
Agreement
[bookmark: _Hlk70808577]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.
 
This feature is originally introduced in Rel. 16 eURLLC for the purpose of power boosting URLLC transmissions when they collide with eMBB traffic of another UE by modifying P0 to be able to control the open-loop power in case of collision. Specifically, DCI format 0-1 or 0-2 can be configured with a field “Open-loop power control parameter set indication”, which is one bit (when SRI field is present), and when the value of the field is 1, a different P0 value for open loop power control is used (e.g. to power boost). The value of P0 is determined based on RRC-configured list of P0 values (i.e., “p0-PUSCH-SetList-r16”) with a one-to-one mapping to SRI codepoints. In the case of multi-TRP PUSCH repetitions, it is possible that the eMBB traffic creates interference only at one of the TRPs. Hence, repetitions targeted toward the other TRP do not require power boosting. It is important to note that unnecessary power boosting will not only result in additional power consumption at the UE, but also degrades the system’s performance due to introducing additional interference. This scenario is illustrated in Figure 2.
[image: ]
[bookmark: _Ref61132181]Figure 2: Power boosting for URLLC traffic in the case of multi-TRP PUSCH repetitions.
[bookmark: _Hlk61133618]Based on the above explanations, if the power boosting of the two sets of repetitions are to be controlled separately (i.e. depending on the interference at each of the TRPs), two “Open-loop power control parameter set indication” fields are required that correspond to the two SRI fields, respectively, as illustrated in Figure 3. This corresponds to one additional bit for the second field. The second two “Open-loop power control parameter set indication” should be associated with a second RRC-configured p0-PUSCH-SetList-r16 with the same interpretation as in Rel. 16. 
The above is applicable to the case of SRI fields are present. When SRI fields are not present, even though the same enhancement can be considered, it depends on whether/how basic mTRP power control is enhanced, which is a separate discussion (see the discussions below related to SRI fields being absent in general, i.e., irrespective of Open-loop power control parameter set indication)
[image: ]
[bookmark: _Ref61172359]Figure 3: Two SRI fields and two corresponding “Open-loop power control parameter set indication” fields are indicated in the DCI.
[bookmark: PUSCH5]Proposal 8: For multi-TRP PUSCH repetition, at least for a DCI that includes two SRI fields, two “Open-loop power control parameter set indication” fields when configured.
· A second p0-PUSCH-SetList-r16 is configured, which is associated with the second set of repetitions and second SRI field
· The first and second “Open-loop power control parameter set indication” fields are associated with the first and second SRI fields, respectively, and power-boosting are separately indicated for the two sets of repetitions based on the first and second p0-PUSCH-SetList-r16. 
· FFS: When SRI fields are absent.

Another issue is related to whether / how the case that SRI fields are absent in the DCI should be enhanced for mTRP PUSCH schemes. Note that there can be two cases in which SRI fields are not present in the DCI: a) when DCI format 0_0 (fallback DCI) schedules the PUSCH b) when the number of SRS resources in a SRS resource set is one. For mTRP PUSCH schemes, only the case b) is relevant since fallback DCI should not be used for scheduling mTRP PUSCH. 
In Rel. 15 / 16, there are various rules for defining a default P0, alpha, PL-RS, and closed loop index for PUSCH in the absence of SRI field for DCI formats other than DCI format 0_0 (i.e., for DCI formats 0_1, 0_2). Some cases are mentioned below:
· For P0 and alpha: 
· From the value of the first P0-PUSCH-AlphaSet in p0-AlphaSets
· For PL-RS: 
· If the UE is provided enableDefaultBeamPL-ForSRS and is not provided PUSCH-PathlossReferenceRS and PUSCH-PathlossReferenceRS-r16, the UE uses the same RS resource index qd as for an SRS resource set with an SRS resource associated with the PUSCH transmission
· If SRI-PUSCH-PowerControl is not provided to the UE, the UE determines a RS resource index qd with a respective PUSCH-PathlossReferenceRS-Id value being equal to zero
· A RS resource index qd is determined from the PUSCHPathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlId = 0
· For closed loop index
· If the PUSCH transmission is scheduled by a DCI format that does not include an SRI field, or if an SRI-PUSCH-PowerControl is not provided to the UE, .

As it can be seen above, the default rules are already very complicated for the case of single TRP. The above does not even include various other rules for the case of DCI format 0_0 or when “enableDefaultBeamPL-ForPUSCH0-0” is configured. Therefore, it is preferred to have a simple and unified rule for the case of mTRP PUSCH that addresses all power control parameters including P0, alpha, PL-RS, closed loop index when SRI fields are not present in DCI formats 0_1 or 0_2. For this purpose, we can use sri-PUSCH-PowerControlId = 0. Based on previous agreements, there are two sri-PUSCH-PowerControlId = 0 associated with the first SRS resource set and the second SRS resource set. That is, in either Alt1 or Alt2 of the agreement below, we can have two sri-PUSCH-PowerControlId = 0:
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

Then, all parameters including P0, alpha, PL-RS, and closed loop index for the first set of repetitions can be determined from the corresponding parameters mapped to the first sri-PUSCH-PowerControlId = 0, and P0, alpha, PL-RS, and closed loop index for the second set of repetitions can be determined from the corresponding parameters mapped to the second sri-PUSCH-PowerControlId = 0. In this way, when SRI fields are not present in the DCI, effectively the first SRI codepoint (codepoint 0) is assumed for each of the two sets of repetitions, and no additional enhancements are necessary. Furthermore, this can automatically address the PL-RS update by MAC-CE as well as “Open-loop power control parameter set indication” when SRI fields are not present, i.e., MAC-CE can still update the PL-RS for sri-PUSCH-PowerControlId = 0 of the first / second TRP (even though there are no SRI fields) and the OLPC set indication enhancements as in Proposal 8 can be reused also for the case of no SRI fields in the DCI. Hence, we propose the following:
[bookmark: PUSCH6]Proposal 9: For multi-TRP PUSCH repetition scheduled by DCI formats 0_1 / 0_2 without SRI fields (when only one SRS resource per SRS resource set is configured) and a first sri-PUSCH-PowerControlId = 0 associated with the first SRS resource set and a second sri-PUSCH-PowerControlId = 0 associated with the second SRS resource set are configured:
· The first P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControlId = 0 associated with the first SRS resource set.
· The second P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the second sri-PUSCH-PowerControlId = 0 associated with the second SRS resource set.
· Whether to use the first, the second, or both sets of power control parameters above depends on the new DCI field (for dynamic switching).
· PL-RS associated with the first / second sri-PUSCH-PowerControlId = 0 can be updated by MAC-CE.
· For per-TRP OLPC parameter set indication, the same enhancement as the case of SRI fields present are assumed, where
· If a value of the first OLPC parameter set indication field is '1', p0-PUSCH-SetId=0 in the first p0-PUSCH-SetList-r16 is assumed.
· If a value of the second OLPC parameter set indication field is '1', p0-PUSCH-SetId=0 in the second p0-PUSCH-SetList-r16 is assumed.

Finally, the impact of multi-TRP PUSCH repetition on PHR reporting should be considered. The following was agreed in the previous meeting:
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 

When a reported PHR corresponds to an actual PHR, the reported value is based on the set of power control parameters that are used as described in 38.213 Section 7.7.1 for Type-1 PHR report. For multi-TRP PUSCH repetitions, there are two sets of ULPC parameters. The UE should report the PHR based on one of the two sets, and a clarification is required. One option is for the UE to always report the PHR based on ULPC parameters corresponding to the first PUSCH repetition. However, in the case of UL CA, the CC on which PHR is reported may be different than the CC corresponding to a PHR report value in the MAC-CE. In the case that actual PHR is reported (subject to timeline conditions as described in 38.213), instead of always reporting the PHR for the first repetition, the PHR for the overlapping repetition can be considered. The existing conditions for PHR reporting in case of UL CA in 38.213 is shown below:
[image: ]
Given the above, option 1 seems to be the only feasible option. In particular, it is not clear how option 2 or 4 can work. At the time of reporting PHR MAC-CE, the transmission parameters including MPR / back-off values for future repetitions are not known yet if a reported value corresponds to actual PHR. For virtual PHR, anyway default / reference parameters are used and there is no impact to PHR reporting due to mTRP PUSCH transmissions. It should be clarified whether the intention of Option 2 / 4 is to have something between actual and virtual PHR.
[bookmark: PUSCH7]Proposal 10: For multi-TRP PUSCH repetition: 
· An actual PHR is reported based on Option 1: Using the set of power control parameters for a first (earliest) repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted.
· A virtual PHR is reported based on legacy procedures, i.e., Option 5.
Frequency Hopping
The mapping of repetitions to beams have been agreed before. Specifically, both cyclic mapping and sequential mapping have been agreed. Furthermore, it should be discussed how to apply frequency hopping in the following cases:
· PUSCH Repetition Type A with different beams
· Intra-slot (or intra-repetition) frequency hopping
· Inter-slot (or inter-repetition) frequency hopping
· PUSCH Repetition Type B with different beams
· Inter-repetition frequency hopping
· Inter-slot frequency hopping

For the case of intra-slot (or intra-repetition) frequency hopping for PUSCH repetition Type A, no changes are required as frequency hopping is performed for each repetition irrespective of the beam. Similarly, for the case of intra-slot frequency hopping for PUSCH repetition Type B, no changes are required as frequency hopping is performed for different slots irrespective of the beam of the repetitions in a given slot. However, for the case of inter-repetition beam hopping for both PUSCH repetition Type A and PUSCH repetition Type B, it should be ensured that frequency hopping is performed among the repetitions with the same beam. Otherwise, all repetitions with a given beam might be in the same frequency hop, and hence not achieving frequency diversity for a given beam. This is illustrated in Figure 4 and Figure 5.
[image: ]
[bookmark: _Ref53954634]Figure 4: Inter-repetition frequency hopping for PUSCH repetition Type A with different beams.

[image: ]
[bookmark: _Ref53954641]Figure 5: Inter-repetition frequency hopping for PUSCH repetition Type B with different beams.
Similar to the discussions for PUCCH scheme 1 in the previous Section, the enhancements are required for the case of cyclic mapping.
[bookmark: PUSCH8]Proposal 11: For inter-repetition frequency hopping with PUSCH repetition Type A or Type B, frequency hopping is performed among the repetitions with the same beam when cyclical mapping pattern is configured.
PTRS-DMRS Association
In Rel. 15, each PTRS port is associated with one DMRS port for both cases of one PTRS port and two PTRS ports. The reason for such association is to send PTRS on the strongest layer(s) based on the associated DMRS port(s). Tables 7.3.1.1.2-25 and 7.3.1.1.2-26 in 38.212 are used for interpretation of the field “PTRS-DMRS association”, which has 2 bits in DCI formats 0_1 and 0_2. 
In the case of multi-TRP PUSCH repetition, the strongest layer of the repetitions with the first beam may be different than the strongest layer of the repetitions with the second beam even though the number of layers is the same. For example, DMRS port 0 may corresponds to the strongest layer for the first set of repetitions while DMRS port 1 corresponds to the strongest layer for the second set of repetitions. As a result, the PTRS-DMRS association should be indicated / determined separately for the two sets of repetitions. The following was agreed in the previous meeting:
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, 
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· 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. 
· [bookmark: _Hlk70862996][bookmark: _Hlk70862890]if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.

Option 3 above is not a complete solution as only 1 bit cannot indicate the PTRS-DMRS association for the case of maxRank>2. As a result, only one of the first two DMRS ports for maxNrofPorts = 1 can be indicated. For the case of maxNrofPorts = 2, it is also not clear how 1 bit can work to indicate two associated DMRS ports per TRP. Therefore, either Option 1 or Option 2 should be considered. The benefit of Option 2 is to reduce the DCI signalling overhead by reusing the reserved entries of antenna ports indication field while the drawback of Option 2 is complicated signalling mechanisms and larger spec impact. On the other hand, Option 1 is simple with smaller spec impact while it requires more DCI overhead. Given these, we can be fine with either Option 1 or Option 2. 
[bookmark: PUSCH9]Proposal 12: For PTRS-DMRS association of M-TRP PUSCH Type B repetition with maxRank > 2, support
· 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, or
· 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.

Aperiodic CSI Report on PUSCH
The following was agreed in the previous meeting:
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 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).

First, the second condition in the agreements above “UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions” is needed also for PUSCH repetition Type A to ensure the same the number of coded modulation symbols per layer (i.e. number of REs) for CSI in order to determine the encoding / rate matching procedures. Of course, the first condition related to length of the two PUSCH repetitions being the same is already given for repetition Type A. Hence, the agreement above (including the fallback behaviour to Rel. 15/16) should be extended also to PUSCH repetition Type A:
[bookmark: PUSCH10]Proposal 13: For multiplexing A-CSI on two PUSCH repetitions in the case of multi-TRP PUSCH repetition Type A:
· The UE is expected to follow this operation for multiplexing A-CSI on two PUSCH repetitions only if UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE multiplexes A-CSI only on the first PUSCH repetition similar to Rel. 15/16.

In addition, related to the FFS part in the agreement for the case of PUSCH w/o TB, we think it should be also supported. When there is no UL traffic, A-CSI can still be triggered by UL DCI. If the A-CSI cannot be repeated toward the two TRPs, it means that reliable A-CSI is not possible unless if there is also UL traffic. However, the need for A-CSI is related to DL traffic / channel conditions. Given this, the reliability of A-CSI should not be tied to availability of UL traffic.  
Note that in Rel. 15/16, the number of repetitions is assumed to be 1 irrespective of indicated number of repetitions when A-CSI is requested in the UL DCI that schedules PUSCH w/o TB. Furthermore, for PUSCH Type B in Rel. 16, the first nominal repetition should be the same as the first actual repetition. In the case of multiplexing A-CSI on two PUSCH repetitions for multi-TRP PUSCH repetition w/o TB (for enhancing the reliability of A-CSI), some modifications are required. First, UE should assume the number of repetitions is equal to 2 irrespective of indicated number of repetitions. Second, for PUSCH repetition Type B, both of the first nominal repetition and the second nominal repetition should be the same as the first actual repetition and the second actual repetition, respectively (i.e., no segmentation). Furthermore, the behavior related to fallback to Rel. 15/16 should be similar to the case of PUSCH with TB as discussed above, i.e., A-CSI is multiplexed on two repetitions only if UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
[bookmark: PUSCH11]Proposal 14: 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).
· The fallback behaviour to Rel. 15/16 based on presence of other UCIs is similar to the case of PUSCH with TB.  

CG based mTRP PUSCH repetition
The following was agreed in the previous meeting related to ULCG:
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'.

Regarding RV mapping, in Rel. 15/16 RV sequence “repK-RV” can be RRC configured per CG configuration, and it can be {0231, 0303, 0000}. In the case of mTRP PUSCH, the same RRC configuration of RV sequence can be used for the first set of repetitions. For the second set of repetitions, an RV offset value can be additionally configured similar to the case of dynamic PUSCH, which is used for starting RV using the same sequence. 
[bookmark: PUSCH12]Proposal 15: For type 1 or type 2 CG based multi-TRP PUSCH repetition, the legacy RV sequence “repK-RV” is applied to the first set of repetitions, and the same sequence is applied to the second set of repetitions with a configurable RV offset similar to the case of dynamic multi-TRP PUSCH repetition.
In addition, for Type 2 CG based multi-TRP PUSCH repetition, some parameters such as 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' are RRC-configured while some other parameters such as SRIs/TPMIs are based on activation DCI. Then, there needs to be a mapping between the first / second 'p0-PUSCH-Alpha' or 'powerControlLoopToUse' fields in 'ConfiguredGrantConfig’ and the first / second SRS resource sets. In addition, the new DCI field for dynamic switching is still indicated in the activation DCI and applying the first / second RRC-configured power control parameters should be based on the new DCI field.
[bookmark: PUSCH13]Proposal 16: For type 2 CG based multi-TRP PUSCH repetition:
· The first (legacy) RRC-configured fields 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' are associated with the first SRS resource set.
· The second (new) RRC-configured fields 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' are associated with the second SRS resource set.
· Applying the first, second, or both first and second RRC-configured fields 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' is determined from the new DCI field (for dynamic switching) of the activating DCI similar to the case of DG-PUSCH.
Conclusion 
For PUCCH enhancements, we propose:
Proposal 1: For TPC command in DCI formats 1_1 / 1_2, if the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are different for multi-TRP PUCCH transmission schemes, support:
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2 (2 bits), and indicates two TPC values applied to two PUCCH beams, respectively (first preference).
· Support a mapping between TPC field codepoints and a pair of TPC commands.
· Option 1: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams (second preference).
· FL proposal 2.2 from the previous meeting with the clarification that it is only applicable when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are different (third preference)

Proposal 2: When inter-slot frequency hopping is configured with Scheme 1, support 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. 

Proposal 3: Support one of the following behaviours:
· If the PUCCH resource with the lowest ID is activated with two spatial relation info’s in a CC, the beam / PL-RS of the spatial relation info with the lower ID among the two active spatial relation info’s is followed for a PUSCH scheduled by DCI format 0_0 in the same CC, or
· UE does not expect the PUCCH resource with the lowest ID to be activated with two spatial relation info’s.

For PUSCH enhancements, we propose:
Proposal 4: For the new field in the DCI for dynamic switching:
· Support 2 bits with the following four codepoints
· First codepoint: All repetitions are associated with the first SRS resource set (first TRP)
· Second codepoint: All repetitions are associated with the second SRS resource set (second TRP).
· Third codepoint: The first set of repetitions are associated with the first SRS resource set and the second set of repetitions are associated with the second SRS resource set (TRP1 and TRP2)
· Fourth codepoint: The first set of repetitions are associated with the second SRS resource set and the second set of repetitions are associated with the first SRS resource set (TRP2 and TRP1).
· First / second SRS resource sets and first / second sets of repetitions are defined as
· The SRS resource set with lower ID is the first SRS resource set, and the other SRS resource set is the second SRS resource set. 
· The earliest repetition in time and the other repetitions associated with the same SRS resource set as the earliest repetition are the first set of repetitions. The remaining repetitions are the second set of repetitions.

Proposal 5: When the new field in the DCI indicates all repetitions are associated with one SRS resource set (either the first codepoint indicating the first SRS resource set or the second codepoint indicating the second SRS resource set):
· For CB-based PUSCH: The first TPMI field is used and the second TPMI field is ignored.
· For NCB-based PUSCH: The first SRI field is used and the second SRI field is ignored.

Proposal 6: For codebook-based multi-TRP PUSCH repetition (with two SRS resource sets), the presence of the second TPMI field can be separately configured for DCI format 0_1 and DCI format 0_2.
· When a DCI format is not configured to include the second TPMI field, the same precoding matrix is applied across all PUSCH repetitions even when the DCI format schedules two sets of repetitions.

Proposal 7: To support per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2, adopt the same solution as with M-TRP PUCCH schemes.
Proposal 8: For multi-TRP PUSCH repetition, at least for a DCI that includes two SRI fields, two “Open-loop power control parameter set indication” fields when configured.
· A second p0-PUSCH-SetList-r16 is configured, which is associated with the second set of repetitions and second SRI field
· The first and second “Open-loop power control parameter set indication” fields are associated with the first and second SRI fields, respectively, and power-boosting are separately indicated for the two sets of repetitions based on the first and second p0-PUSCH-SetList-r16. 
· FFS: When SRI fields are absent.

Proposal 9: For multi-TRP PUSCH repetition scheduled by DCI formats 0_1 / 0_2 without SRI fields (when only one SRS resource per SRS resource set is configured) and a first sri-PUSCH-PowerControlId = 0 associated with the first SRS resource set and a second sri-PUSCH-PowerControlId = 0 associated with the second SRS resource set are configured:
· The first P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControlId = 0 associated with the first SRS resource set.
· The second P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the second sri-PUSCH-PowerControlId = 0 associated with the second SRS resource set.
· Whether to use the first, the second, or both sets of power control parameters above depends on the new DCI field (for dynamic switching).
· PL-RS associated with the first / second sri-PUSCH-PowerControlId = 0 can be updated by MAC-CE.
· For per-TRP OLPC parameter set indication, the same enhancement as the case of SRI fields present are assumed, where
· If a value of the first OLPC parameter set indication field is '1', p0-PUSCH-SetId=0 in the first p0-PUSCH-SetList-r16 is assumed.
· If a value of the second OLPC parameter set indication field is '1', p0-PUSCH-SetId=0 in the second p0-PUSCH-SetList-r16 is assumed.

Proposal 10: For multi-TRP PUSCH repetition: 
· An actual PHR is reported based on Option 1: Using the set of power control parameters for a first (earliest) repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted.
· A virtual PHR is reported based on legacy procedures, i.e., Option 5.

Proposal 11: For inter-repetition frequency hopping with PUSCH repetition Type A or Type B, frequency hopping is performed among the repetitions with the same beam when cyclical mapping pattern is configured.
Proposal 12: For PTRS-DMRS association of M-TRP PUSCH Type B repetition with maxRank > 2, support
· 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, or
· 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.

Proposal 13: For multiplexing A-CSI on two PUSCH repetitions in the case of multi-TRP PUSCH repetition Type A:
· The UE is expected to follow this operation for multiplexing A-CSI on two PUSCH repetitions only if UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE multiplexes A-CSI only on the first PUSCH repetition similar to Rel. 15/16.

Proposal 14: 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).
· The fallback behaviour to Rel. 15/16 based on presence of other UCIs is similar to the case of PUSCH with TB.  

Proposal 15: For type 1 or type 2 CG based multi-TRP PUSCH repetition, the legacy RV sequence “repK-RV” is applied to the first set of repetitions, and the same sequence is applied to the second set of repetitions with a configurable RV offset similar to the case of dynamic multi-TRP PUSCH repetition.
Proposal 16: For type 2 CG based multi-TRP PUSCH repetition:
· The first (legacy) RRC-configured fields 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' are associated with the first SRS resource set.
· The second (new) RRC-configured fields 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' are associated with the second SRS resource set.
· Applying the first, second, or both first and second RRC-configured fields 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' is determined from the new DCI field (for dynamic switching) of the activating DCI similar to the case of DG-PUSCH.
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