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Introduction
In Rel-16, PDSCH enhancements for multi-TRP have been specified, while PDCCH, PUCCH and PUSCH were remained to be enhanced due to the lack of time. In RAN#86, the Rel-17 WID of further enhancements on MIMO for NR is approved [1]. In order to complete the multi-TRP enhancement for all channels, in the approved WID, a particular point is to improve reliability and robustness for channels other than PDSCH, targeting for both FR1 and FR2. The detail is given as follows.
	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 


Until RAN1#104b-e meeting, good progresses have been made for PUCCH and PUSCH enhancements while there are still many remaining issues to be addressed. In this contribution, we provide our views on those open issues for MTRP PUCCH and PUSCH enhancements.
Discussion 
PUCCH enhancement
TPC command indication
On TPC command indication for MTRP PUCCH repetitions, four options were agreed in RAN1 #104-e meeting [2].
	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.


As shown in Table 2.1-1, we elaborate pros and cons of the four options. Regarding how to down-select one option to fulfill this enhancement, it makes sense to consider the following criteria: (i) at least TRP specific closed loop power control should be supported; (ii) adopt the unified design of MTRP PUCCH scheme and MTRP PUSCH scheme; (iii) minimize spec change/ impact as much as possible.
Table 2.1-1: Comparisons between options 1 to 4
	
	Pros
	Cons

	Option 1
	(i) Minor spec change/impact.
	(i) Cannot support TRP specific closed loop power control;
(ii) Always enforce a same TPC command value used for two different closed loop power control processes.

	Option 2
	(i) Support TRP specific closed loop power control;
(ii) Probably without DCI overhead increasing.
	(i) Additional rules are further required to specify the association between each PUCCH repetition and a specific “closedLoopIndex”, which will lead to some spec changes.

	Option 3
	(i) Support TRP specific closed loop power control.
	(i) Additional DCI overhead with 2 bits is needed.

	Option 4
	(i) Support TRP specific closed loop power control.
	(i) Additional DCI overhead with 2 bits is needed.
(ii) For each pair of TPC values, the association between TPC values and TRPs should be further specified.


In view of the above considerations and a comprehensive comparison of the four options, if at least one PUCCH resource is associated with two closed loop indices, we think option 3, i.e. two TPC fields are supported in DCI can be taken as way forward to support potential TRP specific closed loop power control. Otherwise, the current single TPC field is sufficient because the PUCCH resource indicated by PRI can only be associated with one closed loop index. 
Proposal 1-1: For TRP MTRP PUCCH, if at least one PUCCH resource is associated with two closed loop indices, support option 3 that a second TPC field (similar to the existing TPC command field) is added in DCI formats 1_1 / 1_2. Otherwise, Rel-15/16 single TPC field is reused.
It is noted that the need of two TPC commands depends on the number of closed loop indices rather than the activated beams. Even two beams are activated for the indicated PUCCH resource, the two beams can share the same closed loop index depending RRC configuration. 
That is, even though two TPC fields are configured in DCI format 1_1 or 1_2, the PUCCH resource indicated by PRI may be activated with single beam corresponding a single closed loop index or may be activated with two beams with the same closed loop index. In such case, how to associate the single closed loop index and two TPC fields should be clarified. In our view, there are several interpretations 
· Interpretation 1: only the first TPC filed is used. Some default values can be set for the second TPC field to improve DCI reliability. 
· E.g. the second TPC field can be set as 00 or 11 or always the same as the first TPC values. If UE decodes the second TPC value different from the default value, UE will be aware of an error DCI detection. 
· Interpretation 2: Both the first and the second TPC fields are used for the single closed loop index. 
· Totally 4 bits can be used in such case. More flexibility is achieved without any DCI overhead impact. How to use the 4 bits can be further studied, e.g. a new 4 bits TPC table can be defined. 
Since interpretation 2 can provide more candidates of TPC values, we slightly prefer it.
Proposal 1-2: When two TPC fields exist in DCI formats 1_1 / 1_2 and the PUCCH resource indicated by PRI is only associated with one single closed loop index, both two TPC fields (4 bits) are used for the PUCCH closed loop power control.

Group based spatial relation update
In Rel-16, group of PUCCH resources can be configured for spatial relation update simultaneously, and up to four PUCCH groups are supported, where each PUCCH resource group corresponds to one beam or one spatial relation. This feature is very helpful to save MAC CE overhead in FR2. So it is natural to support it for multi-TRP PUCCH transmissions in Rel-17 as well. 
Proposal 1-3: Support PUCCH group based spatial relation update for Rel-17 MTRP PUCCH repetition scheme.
For MTRP PUCCH repetition scheme in Rel-17, due to different beams of one PUCCH resource means to towards two TRPs, it is natural to allow one PUCCH resource included in two PUCCH Groups, such that the PUCCH resource can be configured with two beams. For example, PUCCH Group 0 includes {resource 0, 1, 2} and PUCCH Group 1 includes {resource 0, 3, 4}, then PUCCH resource 0 can be configured with two beams which corresponding to PUCCH Group 0 and 1, respectively. Alternatively, when PUCCH resource 0 is present in MAC CE, one reserved bit in the existing “Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE” (as shown in Figure 2.1-1) can be used to further indicate which one of several PUCCH Groups with the PUCCH resource 0 should be updated. After that, when the indicated bit of PUCCH resource 0 equals to 0, it means that spatial relation of  PUCCH Group 0 will be updated. When the indicated bit of PUCCH resource 0 equals to 1, it means spatial relation of PUCCH Group 1 will be updated.


Figure 2.1-1: Enhanced PUCCH spatial relation activation/deactivation MAC CE
Proposal 1-4: Support that one PUCCH resource can be configured in two PUCCH Groups which correspond to two beams/TRPs in FR2.

TRP specific configurations for PUCCH
In Rel-15/16, in order to randomize the interference among different PUCCH transmissions, the following higher layer parameters 'initialCyclicShift' of PUCCH Format 0, 'initialCyclicShift' and 'timeDomainOCC' of PUCCH Format 1, and 'dataScramblingIdentityPUSCH' of PUCCH Formats 2, 3 and 4 are configured by RRC signalling for this purpose. For MTRP PUCCH scheme in Rel-17, it is natural to configure such parameters as TRP specific for randomizing the interference among different PUCCH transmission occasions as well and provide more scheduling flexibility for each TRP. 
Proposal 1-5: Support to configure the following RRC parameters as TRP specific.
· 'initialCyclicShift' of PUCCH Format 0;
· 'initialCyclicShift' and 'timeDomainOCC' of PUCCH Format 1;
· 'dataScramblingIdentityPUSCH' of PUCCH Formats 2, 3 and 4.

Confirmation on intra-slot beam hopping (Scheme 2)
In previous meetings, intra-slot beam hopping based MTRP PUCCH (scheme 2) was raised and aimed to improve reliability and reduce latency for further enhancement. In the scheme 2, when there are two beams activated for a PUCCH resource without repetition, the single PUCCH occasion of the given PUCCH resource is divided into two sets of symbols which corresponds to two beams. Based on that, scheme 2 can be implemented by following frequency hopping pattern in Rel-15 and directly improve the reliability of PUCCH transmission with low spec change. 
Proposal 1-6: Support intra-slot beam hopping (scheme 2) for MTRP PUCCH scheme.

PUSCH default beam when scheduled by DCI format 0_0
In the previous meeting, one issue about how to determine default beam of PUSCH scheduled by DCI format 0_0 in MTRP PUCCH scheme was discussed, and there were two opposite mainstream views: (i) the spatial relation info with lower ID of the PUCCH resource with the lowest ID can be used as the default beam; (ii) up to gNB implementation, the PUCCH resource with the lowest ID is not activated with two spatial relation info’s.
From our perspective, the spec efforts corresponding to the above two options are close. The difference is that the second option will cause more impact on the flexibility for configuration of PUCCH resource. Especially, if it is mandatory to activate only one spatial relation info for the PUCCH resource with the lowest ID, STRP/MTRP PUCCH dynamic switching may not be supported in this case. Therefore, it is reasonable to adopt the first option to guarantee this enhancement, instead of the second one.
Proposal 1-7: When the PUCCH resource with the lowest ID is activated with two spatial relation info, the spatial relation info with lower ID can be used as the default beam for PUSCH scheduled by DCI format 0_0.

PUSCH enhancement
TPC command indication
On TPC command indication for MTRP PUSCH scheme (which is similar as the case of MTRP PUCCH scheme), four options were raised in previous meetings [3]. 
	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.


As we elaborated in section 2.1.1, a unified design of both MTRP PUCCH scheme and MTRP PUSCH scheme is preferred. Therefore, we suggest to take option 3 as way forward for MTRP PUSCH repetition scheme.
Proposal 2-1: For MTRP PUSCH, if PUSCH repetitions towards two TRPs are associated with two different closed loop indices, support option 3 that a second TPC field (similar to the existing TPC command field) is added in DCI formats 0_1 / 0_2. Otherwise, Rel-15/16 single TPC field is reused.
Similar as section 2.1.1, the need of two TPC commands depends on whether closed loop indices towards two TRPs are the same or not rather than depends on the number of different beams/SRIs. That means once any two SRS resources in two SRS resource sets are configured with different closed loop indices, the second TPC field should always be present in DCI. On the other hand, it should be allowed SRS resources in the two SRS resource sets are configured with the same closed loop index. Correspondingly, how to associate the single closed loop index and two TPC fields in such case should also be clarified by the two interpretations in section 2.1.1. Likewise, we slightly prefer interpretation 2 which can provide more candidates of TPC values.
Proposal 2-2: When two TPC fields exist in in DCI formats 0_1 / 0_2 and all PUSCH repetitions are only associated with one single closed loop index, both two TPC fields (4 bits) are used for the PUSCH closed loop power control.

Indication of STRP/MTRP dynamic switching
On indication of STRP/MTRP dynamic switching for CB/ non-CB based MTRP PUSCH repetition, one working assumption was reached in the previous meeting [3].
	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 is 1 bit or 2 bits, which actually depends on how many statuses should be indicated for STRP/MTRP dynamic switching. Here, 1 bit field means two indicated statuses which include {MTRP operation, STRP operation}, and 2 bits field means three indicated statuses which include {MTRP operation, 1st TRP selection for STRP operation, 2nd TRP selection for STRP operation}. Correspondingly, the difference between those two designs is whether to support single TRP selection for STRP operation.
Out of a major technical motivation, supporting MTRP operation in NR aims to withstand the blockage. Similarly, it is beneficial to support dynamic TRP selection of STRP operation for the same sake. On the other hand, since DPS for fast TRP selection can be supported in Rel-15/16 for coordination benefits and performance gain (e.g. load balancing), it is reasonable to support dynamic TRP selection in Rel-17. Therefore, it makes sense to support indication of TRP selection for STRP/ MTRP dynamic switching.
Proposal 2-3: The new field for STRP/MTRP dynamic switching should be 2 bits to indicate three statuses, which include {MTRP operation, 1st TRP selection for STRP operation, 2nd TRP selection for STRP operation}.
In order to support different functionalities for single DCI based MTRP PUSCH repetition scheme, there are several new fields to be added in DCI, such as a second SRI field, a second TPMI field, a second TPC field, etc. It means more than 10 bits need to be added in the legacy DCI format 0_1 / 0_2, which is terrible but inevitable design. 
Unfortunately, a new 2-bit field additionally need to be added in DCI for STRP/MTRP dynamic switching. During the previous meeting, one alternative was supported by more than 10 companies that is to utilize one or more entries in 2nd TPMI field (for CB scheme) and 2nd SRI field (for NCB scheme) to indicate STRP/MTRP dynamic switching, which can save 1 or 2 bits for most cases. In other words plus more specifically, only when 1-port based PUSCH repetition for both CB and NCB schemes, the newly additional 2-bit field is needed. Therefore, for the sake of DCI overhead saving, whether the new 2-bit field is present in DCI can depend on RRC configuration. Then, except for 1-port based PUSCH repetition, 1 or 2 bits can always be saved for single DCI based MTRP PUSCH scheme.
Proposal 2-4: Whether the new 2-bit field in DCI format 0_1 / 0_2 is needed depends on RRC configuration for non-CB/CB based MTRP PUSCH repetition.
· If the new 2-bit field is not configured, one or more entries in 2nd SRI for NCB and 2nd TPMI for CB are used to indicate STRP/MTRP dynamic switching.

PTRS-DMRS association
On the indication of PTRS-DMRS association when transmission rank > 2, three options were agreed for further down-selection in the previous meeting [3].
	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. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.


Regarding how to down-select one option to fulfill this indication, we believe the following motivations should be considered: (i) all possible PTRS-DMRS associations as Rel-15/16 should be indicated for a complete design; (ii) avoid to cause DCI overhead increasing as much as possible; (iii) minimizing spec change/ impact.
For option 1, it is a straightforward way to support TRP specific indication of PTRS-DMRS association when rank > 2. However, it may lead to additional 2 bits DCI overhead, which corresponds to the most sensitive issue for single DCI based MTRP PUSCH repetition scheme. 
For option 2, it can fully support TRP specific indication of PTRS-DMRS association when rank > 2 and without any DCI overhead increasing. Noted that there are always 2 reserved bits in each DMRS port indication field when rank > 2, which can be used for the purpose of PTRS-DMRS association for TRP#2 and without any impact on the functionality for DMRS port allocation in the current specs. For example, as shown in Table 2.2-1 and Table 2.2-2 that the current DMRS port indication field in DCI under the case of transmission rank 3 and 4, DMRS type 1 and 1 front loaded DMRS symbol, it can be seen that only 1 entry is used for DMRS port indication, thus 2 bits are reserved and can be used to indicate the PTRS-DMRS association for TRP#2.
Table 2.2-1: DMRS port indication when transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	1-7
	Reserved
	Reserved


Table 2.2-2: DMRS port indication when transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	1-7
	Reserved
	Reserved


For option 3, it is indeed an incomplete solution which cannot indicate all possible PTRS-DMRS associations. When the number of PTRS port is 1, it means only one of the first two DMRS ports can be selected and associated. Once neither of the first two DMRS ports is the best DMRS port, option 3 will cause performance loss. When the number of PTRS port is 2, it means the combination of the two selected and associated DMRS ports is fixed. 
Based on the above analyses, we think option 2 should be supported to indicate PTRS-DMRS association when rank > 2, which can guarantee neither DCI overhead increasing nor restrictions of PTRS-DMRS association indication. 
Proposal 2-5: For the indication of PTRS-DMRS association when rank > 2, support option 2 that reusing the existing PTRS-DMRS association field in DCI for the first TRP, and utilizing reserved entries/bits in DMRS port indication field for the second TRP.

PHR reporting
On PHR reporting in MTRP PUSCH scheme, four options were agreed in the previous meeting [3].
	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 


For option 1, it is too restrictive for MTRP PUSCH transmission. Correspondingly, it makes no sense to restrict that PHR reporting is just used for the first occasion, especially when the PHR event towards two TRPs are both triggered and required to be reported.
For option 2, it can be used to indicate TDMed PHR reporting towards different TRPs and can guarantee a great flexibility for TRP specific PHR event triggering. More specifically, regarding how to support per TRP PHR for reporting, one reserved field in Single/Multiple Entry PHR MAC CE can be utilized, which is shown in Figure 2.2-1. For example, when the value of R field is 0, the PHR MAC CE is used for the reporting towards TRP#1. When the value of R field is 1, the PHR MAC CE is used for the reporting towards TRP#2. Therefore, a new MAC CE design can be avoided. 


Figure 2.2-1: Single Entry PHR MAC CE
For option 4, it can report PHR values towards two TRPs at a same time, but it also will cause too much spec changes since a new MAC CE design has to be introduced. It should be noted that RAN2 time budget is very limited for Rel-17. Besides, it may be mandatory to report two PHR values corresponding to two TRPs every time, no matter whether it is really necessary or not. The signaling overhead will be huge. 
For option 5, it cannot support TPR specific PHR reporting, even if RAN1 supports TPR specific power control parameters.
In the light of the above analyses, we think option 2 should be supported to fulfill TRP specific PHR reporting without much specification effort. 
Proposal 2-6: For PHR reporting related to M-TRP PUSCH repetition, support option 2, i.e. calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them.
· To utilize one reserved field in PHR MAC CE for TRP selection.
In Rel-15/16, a PHR reporting can be triggered for a certain component carrier by the following three events: periodically as controlled by a timer, change in PL-RS power, and a prohibit timer expires. The parameters of such trigger events are configured by RRC signalling, such as the higher layer parameters 'phr-PeriodicTimer', 'phr-ProhibitTimer' and  'phr-Tx-PowerFactorChange. For MTRP PUSCH repetition, those higher layer parameters of PHR trigger events should be configured as TRP specific, and an enhancement is required for more flexibility.
Proposal 2-7: Support to configure the higher layer parameters {'phr-PeriodicTimer', 'phr-ProhibitTimer', 'phr-Tx-PowerFactorChange'} of PHR trigger events as TRP specific.

Default power control parameters when SRI field is absent
In Rel-15/16, PUSCH power control targets to STRP operation, where the mapping between SRI and some power control parameters {i.e, P0-Alpha, PL-RS, and closed-loop index} can be configured by SRI-PUSCH-PowerControl, and a list of SRI-PUSCH-PowerControl can be configured in sri-PUSCH-MappingToAddModList. When SRI field is present in DCI, one specific SRI-PUSCH-PowerControl is indicated to provide such power control parameters of PUSCH. In contrast, when SRI filed is absent in DCI (e.g., only one SRS resource in SRS resource set), the values of each power control parameter will be default, such as the first value in P0-AlphaSet, the PL-RS corresponded to sri-PUSCH-PowerControlId = 0 and closed-loop index l = 0.
[image: ]
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In Rel-17, for multi-TRP PUSCH transmission with codebook based or non-codebook based scheme, RAN1 agreed that up to two SRS resource sets can be used for two TRPs. Correspondingly, configuration of SRI and PUSCH power control mapping should be TRP specific. After that, how to determine the power control parameters of two TRPs can be still based on Rel-15/16 scheme. In detail, when the first and/or second SRI fields are present in DCI, power control parameters of PUSCH can be provided by its SRI-PUSCH-PowerControl, and the number of SRI-PUSCH-PowerControl in sri-PUSCH-MappingToAddModList may need to increase. When the first and/or second SRI fields are absent in DCI, the values of power control parameters for two TRPs can be default values like as Rel-15/16. Specifically, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponded to sri-PUSCH-PowerControlId = 0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponded to sri-PUSCH-PowerControlId = 1 and closed-loop index l = 1} can be used for TRP2.
Proposal 2-8: When the two SRI fields are absent in DCI, support that the first and second default values of each set of power control parameter (i.e, P0-Alpha, PL-RS, and closed-loop index) can be used for the first and second TRP respectively.

Other details of single CG scheme
On single CG based MTRP PUSCH scheme, the following agreement were reached in the previous meeting [3].
	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'.


Here, some parameters (e.g, SRI, precoder and rank indication, power control related parameters) were agreed to be configured/indicated as TRP specific for type 1 or type 2 CG. However, some other parameters also should be consider for TPR specific configuration, such as DMRS initialization identity.
In Rel-15/16, DMRS initialization ID (which denoted as nSCID) is used to guarantee the resulting DMRS generated from pseudo-random sequence to be orthogonal, which is similar to the virtual cell ID in LTE. If the underlying pseudo-random sequence would differ between different co-scheduled UEs, the resulting DMRSs would not be orthogonal. In Rel-17 type 1 CG based MTRP PUSCH scheme, from the same token that the orthogonality between PUSCH DMRSs towards different TRP should be fulfilled, it makes sense to configured the higher layer parameter 'dmrs-SeqInitialization' as TRP specific.
Proposal 2-9: For type 1 CG based multi-TRP PUSCH repetition, support to introduce the second field of 'dmrs-SeqInitialization' in 'rrc-ConfiguredUplinkGrant'.

Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide the following proposals on MTRP PUCCH/PUSCH related enhancements. 
For PUCCH
Proposal 1-1: For TRP MTRP PUCCH, if at least one PUCCH resource is associated with two closed loop indices, support option 3 that a second TPC field (similar to the existing TPC command field) is added in DCI formats 1_1 / 1_2. Otherwise, Rel-15/16 single TPC field is reused.
Proposal 1-2: When two TPC fields exist in DCI formats 1_1 / 1_2 and the PUCCH resource indicated by PRI is only associated with one single closed loop index, both two TPC fields (4 bits) are used for the PUCCH closed loop power control.
Proposal 1-3: Support PUCCH group based spatial relation update for Rel-17 MTRP PUCCH repetition scheme.
Proposal 1-4: Support that one PUCCH resource can be configured in two PUCCH Groups which correspond to two beams/TRPs in FR2.
Proposal 1-5: Support to configure the following RRC parameters as TRP specific.
· 'initialCyclicShift' of PUCCH Format 0;
· 'initialCyclicShift' and 'timeDomainOCC' of PUCCH Format 1;
· 'dataScramblingIdentityPUSCH' of PUCCH Formats 2, 3 and 4.
Proposal 1-6: Support intra-slot beam hopping (scheme 2) for MTRP PUCCH scheme.
Proposal 1-7: When the PUCCH resource with the lowest ID is activated with two spatial relation info, the spatial relation info with lower ID can be used as the default beam for PUSCH scheduled by DCI format 0_0.
For PUSCH
Proposal 2-1: For MTRP PUSCH, if PUSCH repetitions towards two TRPs are associated with two different closed loop indices, support option 3 that a second TPC field (similar to the existing TPC command field) is added in DCI formats 0_1 / 0_2. Otherwise, Rel-15/16 single TPC field is reused.
Proposal 2-2: When two TPC fields exist in in DCI formats 0_1 / 0_2 and all PUSCH repetitions are only associated with one single closed loop index, both two TPC fields (4 bits) are used for the PUSCH closed loop power control.
Proposal 2-3: The new field for STRP/MTRP dynamic switching should be 2 bits to indicate three statuses, which include {MTRP operation, 1st TRP selection for STRP operation, 2nd TRP selection for STRP operation}.
Proposal 2-4: Whether the new 2-bit field in DCI format 0_1 / 0_2 is needed depends on RRC configuration for non-CB/CB based MTRP PUSCH repetition.
· If the new 2-bit field is not configured, one or more entries in 2nd SRI for NCB and 2nd TPMI for CB are used to indicate STRP/MTRP dynamic switching.
Proposal 2-5: For the indication of PTRS-DMRS association when rank > 2, support option 2 that reusing the existing PTRS-DMRS association field in DCI for the first TRP, and utilizing reserved entries/bits in DMRS port indication field for the second TRP.
Proposal 2-6: For PHR reporting related to M-TRP PUSCH repetition, support option 2, i.e. calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them.
· To utilize one reserved field in PHR MAC CE for TRP selection.
Proposal 2-7: Support to configure the higher layer parameters {'phr-PeriodicTimer', 'phr-ProhibitTimer', 'phr-Tx-PowerFactorChange'} of PHR trigger events as TRP specific.
Proposal 2-8: When the two SRI fields are absent in DCI, support that the first and second default values of each set of power control parameter (i.e, P0-Alpha, PL-RS, and closed-loop index) can be used for the first and second TRP respectively.
Proposal 2-9: For type 1 CG based multi-TRP PUSCH repetition, support to introduce the second field of 'dmrs-SeqInitialization' in 'rrc-ConfiguredUplinkGrant'.
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PUSCH-PowerControl : SEQUENCE {

tpc-Accumulation ENUMERATED { disabled } OPTIONAL, —- Need S
msg3-Alpha Alpha OPTIONAL, -- Need S
pO-NominalWithoutGrant INTEGER (-202..24) OPTIONAL, -- Need M
pO-Alphasets SEQUENCE (STZE (1..maxNrofPO-PUSCH-AlphaSets)) OF PO-PUSCH-AlphaSet  OPTIONAL, —- Need M
pathlossReferenceRSToAddModList  SEQUENCE (STZE (1..maxNrofPUSCH-PathlossReferenceRSs)) OF PUSCH-PathlossReferenceRS

OPTIONAL, -- Need N
pathlossReferenceRSToReleaselist ~ SEQUENCE (SIZE (1..maxNrofPUSCH-PathlossReferenceRSs)) OF PUSCH-PathlossReferenceRS-Id

OPTIONAL, -- Need N
£WOPUSCH-BC-AdjustmentStates ENUMERATED {twoStates} OPTIONAL, -- Need §
deltaMcs ENUMERATED {enabled) OPTIONAL, —- Need S
5ri-PUSCH-MappingToAddModList SEQUENCE (SIZE (1..maxNrofSRI-PUSCH-Mappings)) OF SRI-PUSCH-PowerControl

OPTIONAL, —- Need N
Sri-PUSCH-MappingToReleaseList SEQUENCE (SIZE (1..maxNrofSRI-PUSCH-Mappings)) OF SRI-PUSCH-PowerControlld

OPTIONAL -- Need N
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SRI-PUSCH-PowerControl SEQUENCE {
sri-PUSCH-PowerControlld SRI-PUSCH-PowerControlld,
Sri-PUSCH-PathlossReferenceRS-Id  PUSCH-PathlossReferenceRS-Id,
sri-P0-PUSCH-AlphaSetId PO-PUSCH-AlphaSetId,

sri-PUSCH-ClosedLoopIndex ENUMERATED { 0, il }
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