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Introduction
Rel-15/16 PUSCH/PUCCH repetition in time domain for single TRP is supported and PDCCH reliability enhancement from single TRP was discussed in Rel-16. In this contribution, we discuss reliability enhancement and robustness using multi-TRP for PDCCH/PUSCH/PUCCH. 
Discussion
PDCCH reliability enhancement using multi-TRP
There are several UE implantation on how to conduct BD for a given pair of PDCCH candidates and several options on how to count BD number were discussed. In RAN1#104bis meeting, 2 and 3 are agreed as candidate number UE reports for a linked two PDCCH candidates. There are several remaining FFS points regarding this issue. One of them is whether reporting BD number implies for UE to support soft combining. From our understanding, if UE reports 3, it is capable of combining based BD. On the other hand, if UE reports 2, two implementations with or without soft combining are possible but, considering RAN 4 test requirement, it should be decided whether the requirement for 2 BD is based on whether soft combining or not. Therefore, RAN 1 needs to decide whether 2 BD means two separate decoding or one individual decoding and one soft combining.
In addition, it is beneficial that, based on the UE capability, gNB indicates or confirms BD number to UE. For example, even though UE reports 3, gNB can indicate 2 in order to minimize PDCCH overbooking probability or to increase monitoring chance for other USS. In this way, gNB indicates equal or smaller BD number than what UE reports considering the tradeoff between PDCCH reliability improvement and congestion of search space sets.
Proposal 1: Considering RAN 4 test requirement for 2 BD case, RAN 1 needs to decide whether 2 BD means two separate decoding or one individual decoding and one soft combining.
Proposal 2: Equal or smaller BD number than what UE reports for the two linked PDCCH candidates should be configured by gNB.
Another issue is about reference candidate for the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV. Some companies argue that reference candidate should be the candidate that starts earlier in time and the benefit is to reduce latency. However, this benefit is not clear since it takes more PDSCH processing time. For example, if PDSCH is transmitted before the second DCI, DCI decoding time should be additionally taken into account in PDSCH processing time. It has already been counted in current specification by using d1,1 but it should be equal or larger than current value, resulting in latency increase. Therefore, reference candidate should be the candidate that starts later in time.
Proposal 3: For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV, reference candidate should be the candidate that starts later in time.
We also need to carefully consider the case one of linked PDCCH candidate is not monitored due to several reasons such as overbooking, collision with SSB, rate matching and so on. Since UE conducts combining based BD for a PDCCH candidate pair, if one candidate is not monitored then it has an impact on the BD number of the other candidate. For example, SS set 0 and 1 are linked for PDCCH repetition and UE reports 3 BDs for the linked candidates. UE counts 2 BD for each PDCCH candidate in SS set 0, which means one BD without combining and one BD with combining, and counts 1 BD for each PDCCH candidate in SS set 1 without combining. In this case, if SS set 0 is monitored but SS set 1 is not monitored due to PDCCH overbooking, BD number for each candidate of SS set 0 is no longer 2 but should be reduced by 1. In this way, since the BD number for SS set 0 is reduced, other SS sets can have a chance to be monitored. Alternatively, in order to avoid this case, simple monitoring rule can be introduced such that UE does not monitor linked candidates if one of the linked candidates is not monitored.
Proposal 4: For a SS set pair, if one of linked candidates is not monitored the number of BD for the two linked candidates should be assumed one, not what UE reports, e.g., 2 or 3.
It was agreed that if TCI field is not present in DCI and the scheduling offset is equal to or larger than timeDurationForQCL, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs. It is beneficial to apply this only if PDSCH is transmitted from STRP so that both of two TCI states from the two CORESETs still can be applied for S-DCI based MTRP PDSCH transmission. As a result, even if TCI field is not present in DCI and scheduling offset is equal to or larger than timeDurationForQCL, MTRP PDSCH transmission can be supported. Without TCI field, whether PDSCH from STRP or MTRP can be known by TCI code points. Specifically, if at least one code point is configured with two TCI states, MTRP PDSCH transmission can be assumed, and, otherwise, STRP PDSCH transmission can be assumed. 
Proposal 5: If TCI field is not present in DCI and the scheduling offset is equal to or larger than timeDurationForQCL,
· if at least one code point is configured with two TCI states, the two TCI states corresponding to the two CORESETs is applied for MTRP PDSCH transmission. 
· otherwise, the TCI state of the lower ID CORESET among the two CORESETs is applied for STRP PDSCH transmission
For a UE supporting reception with two different beams, it was agreed to support identifying two QCL-TypeD properties for multiple overlapping CORESETs. To this end, current priority rule can be simply reused and UE selects first priority CORESET and second priority CORESET. Additionally, since PDCCH repetition is for URLLC, additional rule can be introduced to provide CORESET for PDCCH repetition with higher priority.
Proposal 6: For a UE supporting reception with two different beams, first priority CORESET and second priority CORESET can be selected based on current priority rule for CORESET collision. Additional priority rule can be introduced to provide CORESET for PDCCH repetition with higher priority.
There were some discussion on how UE interprets PDCCH candidate when one of the linked PDCCH candidates uses the same set of CCEs and is associated with the same DCI size, scrambling, and CORESET as an individual PDCCH candidate, and three options were listed up. Option 1 is simple because UE always interpret it as linked PDCCH candidate, but Option 2 and 3 provide more flexibility since gNB can control which candidate is prioritized. For example, if an individual candidate has tight latency requirement, gNB can configure lower SS set ID to the individual candidate and set higher priority. In addition, if it is interpreted as an individual PDCCH candidate, then UE can conduct BD only for a remaining linked candidate among two linked candidates. Therefore, the number of BD for the two linked candidates should be assumed one, not what UE reports, e.g., 2 or 3.
Proposal 7: If one of the linked PDCCH candidates uses the same set of CCEs and is associated with the same DCI size, scrambling, and CORESET as an individual PDCCH candidate, which candidate is not counted for monitoring is determined based on SS set ID (i.e., Option 2 or 3).
· If one of the linked PDCCH candidates is not counted for monitoring, the number of BD for the two linked candidates should be assumed one, not what UE reports, e.g., 2 or 3.
Another issue is whether PDCCH repetitions are associated with different CORESET pool index. In our view, it is natural to support PDCCH repetition for M-DCI based MTRP PDSCH case and each PDCCH can be associated with different CORESET pool index. If two CORESETs for PDCCH repetition is restricted with common COREST pool index, then more CORESETs is needed to support both PDCCH repetition and M-DCI based MTRP PDSCH. For example, M-DCI based MTRP PDSCH can be supported with two CORESETs which means one CORESET per CORESET pool. However, in order to support PDCCH repetition additionally with common COREST pool index restriction, three CORESETs is needed which means two CORESET in one CORESET pool for PDCCH repetition and one CORESET in the other CORESET pool for M-DCI based MTRP PDSCH.
Proposal 8: Support different CORESET pool index association for CORESETs for PDCCH repetition.
PUSCH reliability enhancement using multi-TRP
In the last meeting, there was no consensus to specify symbol gap(s) between two PUCCH/PUSCH TDMed repetitions from the same panel but it is still open for different panel case. For different panel case, RAN 4 sent second reply LS [5] and it states that beam switching requirements defined in Rel-15 are applicable for both the same panel and cross panel beam switch cases. However, it does not mean the legacy beam switching requirement is always applicable. Specifically, if two panels corresponding to the two PUCCH/PUSCH beams are not activated at the same time, UE cannot transmit the two back-to-back PUCCH/PUSCH with different beam due to panel activation time. As a result, UE should always activate both panels to transmit two PUCCH/PUSCH beams without symbol gap, which consumes more UE power. In order to avoid always activating both panels, we should carefully take into account panel activation status and delay, which is discussed in multi-beam agenda. Therefore, beam/power switching gap between two PUSCH TDMed repetitions should be introduced considering panel activation delay, and it seems better to discuss further details on beam switching gap after related decision is made in multi-beam agenda for MPUE.
 Also, based on the first reply LS from RAN 4 [6], more frequent beam switching causes more power consumption. In order to minimize power consumption due to beam switching, half and half beam mapping pattern should be supported as well. It also minimizes latency due to beam switching gap, if supported.
Proposal 9: Introduce beam/power switching gap between two PUSCH TDMed repetitions considering panel activation delay, and support half and half beam mapping pattern to minimize additional power consumption due to beam switching and minimize additional latency due to beam switching gap.
For PTRS-DMRS association for rank > 2, the same approach as rank=2 can be applied. It means MSB 1 bit and LSB 1 bit indicate PTRS-DMRS association for TRP 1 and for TRP 2, respectively. For example, if maxNrofPorts = 1 and rank = 3 or 4, for each TRP, 1 bit indicates one of the first two DMRS ports so that gNB can avoid associating PTRS with worst DMRS port among 3 DMRS ports. Similarly, if maxNrofPorts = 2 and rank = 3 (or 4), for each TRP, 1 bit indicates one of two DMRS ports sharing the same PTRS port (or PTRS port 0 for rank = 4). Alternatively, association field can be extended with 4 bits with full association flexibility. Even though we don’t see the strong need for such optimization for high rank transmission in FR2, it can be considered if RRC signaling to configure PTRS-DMRS association field size between 2 or 4 bits is introduced. 
Proposal 10: For TRP specific PTRS-DMRS association for rank > 2, support one of the following options:
· Option 1: 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.
· Option 2: 2nd PTRS-DMRS association field for the second TRP can be configured by RRC
· If not configured, legacy PTRS-DMRS association field is used for both TRPs.

According to current specification, initial transmission for CG PUSCH repetition for RV pattern 0231 is only possible in the first transmission occasion among N repetition occasion. As a result, gNB can conduct blind detection of existence of initial transmission only in the first transmission occasion among N repetition, which requires lower complexity than blind detection in every transmission occasion. However, it can increase latency when UL data is arrived after the first occasion. This potential latency can be reduced in case of MTRP CG PUSCH repetition by allowing initial transmission at not only the first transmission occasion of TRP 1 but also the first transmission occasion of TRP 2. Unlike STRP repetition case, this may not increase BD complexity since each TRP can perform BD independently.
Proposal 11: For MTRP CG PUSCH repetition with RV pattern 0231, support initial transmission at the first transmission occasion of TRP 1 or at the first transmission occasion of TRP 2.
Regarding PHR reporting related to M-TRP PUSCH repetition, per TRP PHR should be supported since UE applies different PC sets for different TRP PUSCH. There were several options listed in the last meeting and our preference is Option 2 or 4. Specifically, in Option 2, after calculating per TRP PHR, UE reports one of the two, e.g., largest or smallest one, and in Option 4, UE reports both PHRs in MAC-CE PUSCH. There were some discussion regarding the accuracy of PHR for 2nd TRP. This is because, during the time between scheduling DCI and 2nd TRP PUSCH TO, another serving cell can dynamically schedule another PUSCH in the 2nd TRP PUSCH TO. In this case, reported PHR for 2nd TRP is different from actual PHR, but gNB is aware of it and ignores reported the PHR.
Proposal 12: For MTRP PHR reporting, support Option 2 (reporting one of the two PHR) or Option 4 (reporting the two PHR at the same time).
In the last meeting 2bits new field in DCI to indicate dynamic switching between MTRP and STRP PUSCH was agreed. One remaining issue for STRP dynamic switching is 1st SRI field size when number of SRS resources in each SRS set is different. To address this issue, one alternative is to determine 1st SRI field size based on the largest number of SRS resources between the two SRS resource sets. In this case, DCI overhead can increase when 2nd SRS set has more SRS resources. Another alternative is to configure the same number of SRS resources for both SRS resource sets. 
Proposal 13: For MTRP PUSCH transmission, the same number of SRS resource is configured in the two SRS resource sets.
In the last meeting, it is FFS whether frequency hopping is performed among the repetitions with the same beam. If frequency hopping is applied without consideration of beam mapping, each TRP cannot achieve frequency hopping gain at all. For example, in case of MTRP PUSCH repetition type A with cyclic beam mapping and inter-slot frequency hopping, the first beam is applied on only first frequency hop and the second beam is applied on only second frequency hop. As a result, each TRP receives PUSCH without frequency hopping. To achieve both beam diversity and frequency hopping gain, sequential beam mapping and inter-slot frequency hopping can be applied but it can increase latency due to sequential beam mapping in blockage scenario.
Proposal 14: Frequency hopping should be performed among the repetitions with the same beam.
In addition to PUSCH repetition scheme, TDM based single PUSCH scheme without repetition can be considered. For TDM based single PUSCH, different OFDM symbols of a single PUSCH are transmitted toward different TRPs. For example, 10 symbol PUSCH is scheduled and 1st to 5th symbols are transmitted through beam/panel toward TRP 1 and the remains are through beam/panel toward TRP 2. As a result, different parts of coded bits of TB/UCI are transmitted to different TRP in different symbols. In order to estimate UL channel for TRP 1 and TRP 2, separately, DMRS symbol(s) for TRP 1 and TRP 2 should be configured separately. To this end, Rel-16 DMRS pattern for frequency hopping can be reused. With this scheme, dynamic switching between intra-slot MTRP PUSCH transmission with low latency and Type A repetition is possible with dynamic indication of repetition number.
Proposal 15: single PUSCH transmission with beam hopping can be considered, additionally. 
Separate TA for each TRP should be supported considering the difference of propagation delay. In FR 2 PUSCH repetition is beneficial even for cell center UE due to severe penetration loss. For example, handheld loss and body blockage loss is about 15 dB and 10 dB, respectively, and material such as cement and glass causes 30 dB and 10-25 dB loss, respectively, according to actual measurement in [1]. Considering possibility of multiple blockage of those at the same time, far TRP can have much better channel than near TRP and reliability can be achieved with PUSCH repetition toward far TRP. Considering dense urban macro scenario with ISD=200m, which is one of evaluation assumption for IMT 2020, Rx timing difference between near and far TRP can be beyond CP. For example, in case of 120 SCS, in order to ensure two signals are within CP, i.e., 0.59 µs, receiving time of the two signals should be in the range of (+0.25 µs, -0.0625 µs). It corresponds to (+75m, -18.7m) but difference of near TRP and far TRP distance can be larger than that. In addition, internal delay between UE panels, may cause tens of nano sec, increases Rx timing difference additionally. Furthermore, in Rel-17 above 52.6GHz WI, up to 960 SCS is considered in which case supporting different TA per TRP is critical. 
In [2], we provide evaluation results on probability of Rx timing difference > CP in various scenarios. Based on the evaluation results, UL Rx timing difference from 5 to 30 percent UEs is larger than CP. In addition, even if Rx timing difference between near and far TRP is within CP with optimistic assumption such as perfect synchronized network and cell edge UE, FDMed UL MU performance can be degraded due to Rx timing difference of 20% of CP length among MU PUSCH in a TRP. Evaluation results can be found in [3,4].
Proposal 16: For MTRP PUSCH transmission, separate TA configuration for each TRP should be supported.
In the last meeting, default PC parameters when one SRS resource per SRS resource set is configured were discussed and 3 alternatives were listed up. Alt 3 is straight forward extension based on current specification and we fail to find benefit of the other alternatives.
Proposal 17: For MTRP PUSCH transmission, support Alt 3 to determine default PC parameters when one SRS resource per SRS resource set. 
· Alt.3  
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControlassociated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
PUCCH reliability enhancement using multi-TRP
On the other hand, intra-slot beam hopping, i.e., scheme 2, can be discussed separately with IIoT/URLLC WI. Inter-slot MTRP PUCCH repetition increases latency so intra-slot beam hopping PUCCH can be considered for both low latency and high reliability in which different OFDM symbols of a single PUCCH resource are transmitted toward different TRPs. For example, 10 symbol PUCCH is scheduled and 1st to 5th symbols are transmitted to TRP 1 and the remains are to TRP 2. As a result, different parts of coded bits of UCI are transmitted to different TRP in different symbols. In order to estimate UL channel for TRP 1 and TRP 2, separately, DMRS symbol(s) for TRP 1 and TRP 2 should be configured separately. To this end, Rel-16 DMRS pattern for frequency hopping can be reused. 
Proposal 18: Support intra-slot beam hopping (scheme 2) for both low latency and high reliability.
Another issue is about PUCCH group configuration for PUCCH resource with 2 spatial relation info. Given that PUCCH group is configured for simultaneous beam update for multiple PUCCH resources associated with a TRP, it seems natural that PUCCH resource with 2 spatial relation info belongs to both of two PUCCH groups associating with two TRPs. For example, the following PUCCH grouping can be possible:
PUCCH group 0 = {PUCCH resource 0, 1, 2} for TRP 1,
PUCCH group 1 = {PUCCH resource 0, 1, 3} for TRP 2,
PUCCH resource 0 and 1 configured with 2 spatial relation (i.e., MTRP PUCCH),
PUCCH resource 2 and 3 configured with 1 spatial relation (i.e., STRP PUCCH)
In this case, if spatial relation info of PUCCH resource 2 is updated by MAC-CE, one of two spatial relation info of PUCCH resource 0 (and 1 as well) should be updated. On the other hand, if two spatial relation info of PUCCH resource 0 are updated by MAC-CE, PUCCH resource 2 (and 3 as well) should be updated by one of the two spatial relation info, respectively. To address this issue, group ID can be used. For example, in lower ID group, first spatial relation info of MTRP PUCCH resources can be updated by STRP PUCCH spatial relation info update, and STRP PUCCH spatial relation info can be updated by first spatial relation info of MTRP PUCCH resources. On the other hand, in higher ID group, second spatial relation info of MTRP PUCCH resources can be updated by STRP PUCCH spatial relation info update, and STRP PUCCH spatial relation info can be updated by second spatial relation info of MTRP PUCCH resources.
Proposal 19: PUCCH resource with 2 spatial relation info is configured in two PUCCH groups associating with two TRPs.
As we discussed in MTRP PUSCH enhancement, beam/power switching gap and half and half beam mapping pattern should be support for the same reason.
Proposal 20: Introduce beam/power switching gap between two PUCCH TDMed repetitions considering panel activation delay, and support half and half beam mapping pattern considering minimize additional power consumption due to beam switching and additional latency due to beam switching gap.
It was agreed to support single PUCCH resource with multiple spatial relation info for MTRP PUCCH transmission. However, utilizing single PUCCH resource has a limitation on scheduling flexibility such as the same frequency/time resource allocation for repetition. If multiple PUCCH resources are also supported for MTRP transmission, flexible resource mapping can be done at gNB. 
Proposal 21: For MTRP PUCCH transmission, consider configuration of multiple PUCCH resources, additionally.
PUCCH repetition for single TRP is supported in Rel-15 as slot-level aggregation. To extend this PUCCH repetition for MTRP transmission, each of the repeated PUCCH should be scheduled with consideration of different TRP. As we discussed in section 2.2 PUSCH repetition, separate TA for each TRP should be supported considering the difference of propagation delay, inter-panel delay, and compatibility to above 52.6GHz.
Proposal 22: For MTRP PUCCH transmission, TA should be configured separately for different transmission occasion.

Conclusion
In this contribution, we discuss reliability enhancement and robustness using multi-TRP for PDCCH/PUSCH/PUCCH and propose the followings. 
PDCCH enhancement: 

Proposal 1: Considering RAN 4 test requirement for 2 BD case, RAN 1 needs to decide whether 2 BD means two separate decoding or one individual decoding and one soft combining.
Proposal 2: Equal or smaller BD number than what UE reports for the two linked PDCCH candidates should be configured by gNB.
Proposal 3: For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV, reference candidate should be the candidate that starts later in time.
Proposal 4: For a SS set pair, if one of linked candidates is not monitored the number of BD for the two linked candidates should be assumed one, not what UE reports, e.g., 2 or 3.
Proposal 5: If TCI field is not present in DCI and the scheduling offset is equal to or larger than timeDurationForQCL,
· if at least one code point is configured with two TCI states, the two TCI states corresponding to the two CORESETs is applied for MTRP PDSCH transmission. 
· otherwise, the TCI state of the lower ID CORESET among the two CORESETs is applied for STRP PDSCH transmission
Proposal 6: For a UE supporting reception with two different beams, first priority CORESET and second priority CORESET can be selected based on current priority rule for CORESET collision. Additional priority rule can be introduced to provide CORESET for PDCCH repetition with higher priority.
Proposal 7: If one of the linked PDCCH candidates uses the same set of CCEs and is associated with the same DCI size, scrambling, and CORESET as an individual PDCCH candidate, which candidate is not counted for monitoring is determined based on SS set ID (i.e., Option 2 or 3).
· If one of the linked PDCCH candidates is not counted for monitoring, the number of BD for the two linked candidates should be assumed one, not what UE reports, e.g., 2 or 3.
Proposal 8: Support different CORESET pool index association for CORESETs for PDCCH repetition.

PUSCH enhancement: 
Proposal 9: Introduce beam/power switching gap between two PUSCH TDMed repetitions considering panel activation delay, and support half and half beam mapping pattern to minimize additional power consumption due to beam switching and minimize additional latency due to beam switching gap.
Proposal 10: For TRP specific PTRS-DMRS association for rank > 2, support one of the following options:
· Option 1: 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.
· Option 2: 2nd PTRS-DMRS association field for the second TRP can be configured by RRC
· If not configured, legacy PTRS-DMRS association field is used for both TRPs.
Proposal 11: For MTRP CG PUSCH repetition with RV pattern 0231, support initial transmission at the first transmission occasion of TRP 1 or at the first transmission occasion of TRP 2.
Proposal 12: For MTRP PHR reporting, support Option 2 (reporting one of the two PHR) or Option 4 (reporting the two PHR at the same time).
Proposal 13: For MTRP PUSCH transmission, the same number of SRS resource is configured in the two SRS resource sets.
Proposal 14: Frequency hopping should be performed among the repetitions with the same beam.
Proposal 15: single PUSCH transmission with beam hopping can be considered, additionally. 
Proposal 16: For MTRP PUSCH transmission, separate TA configuration for each TRP should be supported.
Proposal 17: For MTRP PUSCH transmission, support Alt 3 to determine default PC parameters when one SRS resource per SRS resource set. 
· Alt.3  
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControlassociated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.

PUCCH enhancement: 
Proposal 18: Support intra-slot beam hopping (scheme 2) for both low latency and high reliability.
Proposal 19: PUCCH resource with 2 spatial relation info is configured in two PUCCH groups associating with two TRPs.
Proposal 20: Introduce beam/power switching gap between two PUCCH TDMed repetitions considering panel activation delay, and support half and half beam mapping pattern considering minimize additional power consumption due to beam switching and additional latency due to beam switching gap.
Proposal 21: For MTRP PUCCH transmission, consider configuration of multiple PUCCH resources, additionally.
Proposal 22: For MTRP PUCCH transmission, TA should be configured separately for different transmission occasion.
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