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1 Introduction
RAN1 has worked on enhancing the multi-TRP deployment scenario especially for PDCCH, PUSCH and PUCCH with Rel-16 reliability features in WID [1]
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 

b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception

c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception

d. Enhancement to support HST-SFN deployment scenario:

i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission

ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

In this contribution, we summarized the RAN2 MAC impacts on UL (PUCCH and PUSCH) enhancements i.e. expected issues that the MAC CE enhancements are required.
2 Discussion
RAN1 has discussed multi-TRP UL(PUCCH/PUSCH) enhancements. The summary of RAN1 agreements [1] is added in annexure (see clause 5). In this contribution, we want to trigger the issues that the UL MAC CE impacts are expected based on RAN1 agreements:
1. PUCCH related issues

· Issue 1-1: How to enhance/design PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition
· Issue 1-2: How to support per-TRP power control in FR1;

2. PUSCH related issues

· Issue 2-1: How to enhance/design pathloss reference RS update MAC CE for mTRP PUSCH repetition
· Issue 2-2: How to enhance/design PHR reporting MAC CE for mTRP PUSCH repetition
2.1 PUCCH enhancements
2.1.1 PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition
During Rel-16, Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE was introduced to activate/deactivate the spatial relations for PUCCH resources in PUCCH groups. This MAC CE should be updated/enhanced in Rel-17 because RAN1 has agreed to introduce PUCCH repletion for mTRP i.e. each PUCCH resource can be associated with one or two spatial relations and support simultaneous activation/deactivation of spatial relations in a PUCCH groups.
	RAN1#106-e Agreements

Agreement
For the grouping of PUCCH resources in Rel-17 multi-TRP PUCCH repetition schemes,
· Support MAC-CE activating two spatial relation info’s (for FR2) for a group of PUCCH resources in a CC.
· Support MAC-CE activating two sets of power control parameters (for FR1) for a group of PUCCH resources in a CC. 
· When the PUCCH resource is indicated with two spatial relation info’s or two sets of power control parameters (via a MAC-CE that activating two spatial relation info’s or a MAC-CE that activating two sets of power control parameters for a group of PUCCH resources, respectively), the other PUCCH resources in the group also get updated to have the same two spatial relation info’s or two sets of power control parameters.
· When the PUCCH resource is indicated with one spatial relation info or one set of power control parameters (via a MAC-CE that activating single spatial relation info or a MAC-CE that activating single set of power control parameters for a group of PUCCH resources, respectively), then the other PUCCH resources in the group also get updated to have the same spatial relation info or the same set of power control parameters.
· The signalling details are up to RAN2 to decide.
· Note: Impacts coming from coverage enhancement work item on associating PUCCH resource with repetition factor can be discussed separately


There are two candidate approaches to support this function:

1. Option 1: Introduce the new PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition.
· Pros: Introduce the new MAC CE with nice design.
· Cons: Require additional MAC CE (with new LCID) for similar functionality.
2. Option 2: Revise the legacy Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE with additional fields (e.g. indicator for mTRP operation, additional Spatial Relation Info ID(s) for added TRP).
· Pros: Save the LCID.
· Cons: MAC CE design would be not simple.
We don’t have strong view between Option 1 and 2 above because there are no big problems for both options but it would be better to go with clean solution.

Proposal 1: Introduce the new PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition to activate/deactivate one or two spatial relations for a group of PUCCH resources.
2.1.2 Association between PUCCH and TRP for PUCCH multi-TRP enhancements in FR1,
In Rel-15/16, configuration of multiple spatial relations are only allowed for FR2 i.e. omni-beam could be applied to FR1 (see the below capability in TS 38.306 [2]).

	spatialRelations, spatialRelations-v1640

Indicates whether the UE supports spatial relations. The capability signalling comprises the following parameters.

-
maxNumberConfiguredSpatialRelations indicates the maximum number of configured spatial relations per CC for PUCCH and SRS. It is not applicable to FR1 and applicable to FR2 only. The UE is mandated to report 16 or higher values. maxNumberConfiguredSpatialRelations-v1640 indicates the maximum number of configured spatial relations per CC for PUCCH and SRS with UE supporting the configuration of maximum 64 PUCCH spatial relations per BWP per CC;

-
maxNumberActiveSpatialRelations indicates the maximum number of active spatial relations with regarding to PUCCH and SRS for PUSCH, per BWP per CC. It is not applicable to FR1 and applicable and mandatory to report one or higher value for FR2 only;
-
additionalActiveSpatialRelationPUCCH indicates support of one additional active spatial relation for PUCCH. It is mandatory with capability signalling if maxNumberActiveSpatialRelations is set to n1;

-
maxNumberDL-RS-QCL-TypeD indicates the maximum number of downlink RS resources used for QCL type D in the active TCI states and active spatial relation information, which is optional.

The UE is mandated to report spatialRelations for FR2. if maxNumberConfiguredSpatialRelations-v1640 is reported, UE shall report value n96 in maxNumberConfiguredSpatialRelations.
	Band
	FD
	N/A
	FD


Based on below RAN1 agreements, RAN1 agreed that the linking of PUCCH resource with two power control parameter sets is required in case of FR1 mTRP operation (i.e. spatial relation activation/deactivation) in Rel-17.
	RAN1#104-e Agreements
Agreement

For the case of multi-TRP, to support per-TRP power control in FR1, the linking of PUCCH resource with [one or] two power control parameter sets, the following is supported

· MAC-CE indicates RRC IE that configures power control parameter sets (p0, pathloss RS ID, and a closed-loop index).

· The exact design of RRC IE is up to RAN2 but from RAN1 point of view, one possible example is to reuse PUCCH-SpatialRelationInfo except for the referenceSignal 
Note: It is common understanding in RAN1 that one PUCCH resource can be linked to one power control parameter set.


RAN1 also provided their view how to handle this issue, i.e. reuse PUCCH-SpatialRelationInfo IE except for the referenceSignal in case of FR1. It means the same MAC CE what is used for FR2 could be used to activate/deactivate the spatial relation for FR1 as well. It is the simple approach and requires only additional descriptions in order to support FR1 in Rel-17. In this case, some restriction in RRC(and/or MAC) could be required without introducing new MAC CE(s) for FR1.
Proposal 2: No new MAC CE(s) for FR1 dedicatedly is required to support spatial relation update (with power control) i.e. reuse the legacy MAC CE(s) for FR1 as well.
2.2 PUSCH enhancements

2.2.1 PHR reporting for mTRP PDSCH repetition

For PHR reporting related to mTRP PUSCH repetition, RAN1 agreed the below baseline:
	RAN1#106-e Agreements

Agreement

For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 

· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.
RAN1#106bis-e Agreements

Agreement

If a UE does not support option 4 (Calculate two PHRs),
· If the PHR reporting is actual PHR, the UE uses the set of power control parameters corresponding to a first (earliest) repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted.

· If the PHR reporting is virtual PHR, it is reported based on legacy procedures.

· Note: RAN2 may further discuss PHR triggering aspects related to mTRP PUSCH repetition




Based on RAN1 agreements, there are two possibilities that UE report PHR for mTRP PUSCH repetition. 
1. If UE support PHR reporting related to mTRP PUSCH repetition (Calculate two PHRs)
2. If UE doesn’t support PHR reporting related to mTRP PUSCH repetition (Calculate two PHRs)
RAN2 need to further discuss how to support PHR reporting related to mTRP PUSCH repetition, and we think below issues should be determined by RAN2 discussion.
· New MAC CE design including the function which TRP is applied for PHR reporting.
· How to handle if both MAC CEs are pending and UL grant is not large enough to accommodate both the MAC CEs. 
· UE implementation

· one MAC CE have priority of the other (e.g. original PHR MAC CE has high priority)
· Network can indicate which TRP’s PHR has higher priority
· Whether use legacy parameters (timer, threshold, etc.) or adding TRP specific parameters
· PHR triggering conditions
Proposal 3: RAN2 need to discuss further aspects to support PHR reporting related to mTRP PUSCH repetition:

· New MAC CE design including the function which TRP is applied for PHR reporting.
· How to handle if both MAC CEs are pending and UL grant is not large enough to accommodate both the MAC CEs. 
· Whether use legacy parameters (timer, threshold, etc.) or adding TRP specific parameters

· PHR triggering conditions
2.2.2 Pathloss Reference RS update MAC CE for mTRP
In Rel-16, PUSCH Pathloss Reference RS Update MAC CE was introduced to update the linking information between PUSCH Pathloss Reference RS and SRI PUSCH power control ID(s).
In Rel-17, RAN1 has introduced PUSCH repetition for mTRP, so it is required to enhance PUSCH Pathloss Reference RS Update MAC CE to support mTRP. It needs to be indicated which TRP is applied for this MAC CE i.e. adding TRP indication or SRS resource set associated with TRP information.
	RAN1#104-e Agreements
Agreement
When MAC-CE indicates a PL-RS ID for one or more SRI IDs, it also indicates whether the SRI IDs are associated with the first or the second SRS resource set.




There are two candidate approaches to support this function:

1. Option 1: Introduce the new PUSCH Pathloss Reference RS Update MAC CE for mTRP PUSCH repetition.
2. Option 2: Revise the legacy PUSCH Pathloss Reference RS Update MAC CE with additional field to differentiate the TRP information.
We don’t have strong view between Option 1 and 2 above but Option 2 is simple, i.e. just to add one bit (replace R filed to one indicator) to differentiate the TRPs.
Proposal 4: Revise the legacy PUSCH Pathloss Reference RS Update MAC CE with additional field to differentiate the TRP information for mTRP Pathloss Reference RS Update.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: Introduce the new PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition to activate/deactivate one or two spatial relations for a group of PUCCH resources.
Proposal 2: No new MAC CE(s) for FR1 dedicatedly is required to support spatial relation update (with power control) i.e. reuse the legacy MAC CE(s) for FR1 as well.

Proposal 3: RAN2 need to discuss further aspects to support PHR reporting related to mTRP PUSCH repetition:

· New MAC CE design including the function which TRP is applied for PHR reporting.
· How to handle if both MAC CEs are pending and UL grant is not large enough to accommodate both the MAC CEs. 
· Whether use legacy parameters (timer, threshold, etc.) or adding TRP specific parameters

· PHR triggering conditions
Proposal 4: Revise the legacy PUSCH Pathloss Reference RS Update MAC CE with additional field to differentiate the TRP information for mTRP Pathloss Reference RS Update.
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5 RAN1 agreements

5.1 Multi-TRP PUCCH 
RAN1#102 Agreements

Agreement 

To improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel, consider all PUCCH formats. 

Agreement

To enable TDMed PUCCH transmission with different beams, support configuring/activating of multiple PUCCH Spatial Relation Info. RAN1 shall further study the exact schemes considering the following aspects, 

· Method of configuration/activation of multiple spatial relation info

· Use of the same PUCCH resource or different PUCCH resource for PUCCH transmission 

· Mapping between PUCCH repetition/symbol and spatial relation info among multiple PUCCH repetitions / multiple PUCCH symbols.
RAN1#103 Agreements

Agreement

For multi-TRP PUCCH transmission schemes.  

· Support multi-TRP inter-slot repetition (Scheme 1)

· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 

· FFS: Number of repetitions

· Further study the support (one or both) of the following schemes

· Multi-TRP intra-slot beam hopping (Scheme 2)

· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.

· FFS: More than 2 beam hopping instances per PUCCH resource.

· Multi-TRP intra-slot repetition (Scheme 3)

· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 

· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 

Agreement

For multi-TRP TDM-ed PUCCH transmission schemes, 

· Support the use of a single PUCCH resource 

· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE

· FFS: Required enhancements for FR1

FFS: Use of multiple PUCCH resources.
Agreement
For PUCCH multi-TRP enhancements in FR1,
· Support separate power control for different TRP.

· FFS: how to define the association between PUCCH and TRP.

FFS: required enhancements.
RAN1#104-e Agreements
Agreement

For the case of multi-TRP, to support per-TRP power control in FR1, the linking of PUCCH resource with [one or] two power control parameter sets, the following is supported

· MAC-CE indicates RRC IE that configures power control parameter sets (p0, pathloss RS ID, and a closed-loop index).

· The exact design of RRC IE is up to RAN2 but from RAN1 point of view, one possible example is to reuse PUCCH-SpatialRelationInfo except for the referenceSignal 
Note: It is common understanding in RAN1 that one PUCCH resource can be linked to one power control parameter set.

RAN1#105-e Agreements
Agreement (Both PUCCH and PUSCH)

For multi-TRP PUCCH (scheme 1 and 3) and PUSCH (Type A and B) repetition, when the number of repetitions is equal to two, the first and second transmission occasion shall be associated with two TRPs, respectively (two UL beams or Power control parameter sets), regardless of the configured mapping pattern. 

· Note: For M-TRP PUSCH type B, the number of repetitions refers to ‘nominal’ repetition.

RAN1#106-e Agreements

Agreement
For the grouping of PUCCH resources in Rel-17 multi-TRP PUCCH repetition schemes,
· Support MAC-CE activating two spatial relation info’s (for FR2) for a group of PUCCH resources in a CC.
· Support MAC-CE activating two sets of power control parameters (for FR1) for a group of PUCCH resources in a CC. 
· When the PUCCH resource is indicated with two spatial relation info’s or two sets of power control parameters (via a MAC-CE that activating two spatial relation info’s or a MAC-CE that activating two sets of power control parameters for a group of PUCCH resources, respectively), the other PUCCH resources in the group also get updated to have the same two spatial relation info’s or two sets of power control parameters.
· When the PUCCH resource is indicated with one spatial relation info or one set of power control parameters (via a MAC-CE that activating single spatial relation info or a MAC-CE that activating single set of power control parameters for a group of PUCCH resources, respectively), then the other PUCCH resources in the group also get updated to have the same spatial relation info or the same set of power control parameters.
· The signalling details are up to RAN2 to decide.
· Note: Impacts coming from coverage enhancement work item on associating PUCCH resource with repetition factor can be discussed separately
Agreement
If the PUCCH resource with the lowest ID is activated with two spatial relation info, the spatial relation info with lower ID, is used as the default beam for PUSCH scheduled by DCI format 0_0.
5.2 Multi-TRP PUSCH
RAN1#104-e Agreements
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 

Agreement
When MAC-CE indicates a PL-RS ID for one or more SRI IDs, it also indicates whether the SRI IDs are associated with the first or the second SRS resource set.

RAN1#105-e Agreements
For further study in future meetings:

For PHR reporting related to M-TRP PUSCH repetition, study following aspects related to option 4, 

· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.

· FFS1: How the PHRs are calculated for reporting (actual PHR or virtual PHR)

· FFS2: How the PHRs are calculated for reporting for other CCs if the multi-cell PHR MAC CE is applied.

· FFS3: Required changes to triggering conditions including the required higher layer parameters (e.g.,’phr-PeriodicTimer’, ‘phr-ProhibitTimer’, ‘phr-Tx-PowerFactorChange’ as TRP specific).

· FFS4: Report P-MPR and MPE per TRP within the same MAC-CE extension.

Note: Down-selection between Options 1-5 will be based on this study as well as the trade-off between benefit versus UE complexity.

RAN1#106-e Agreements

Agreement

For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 

· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.

Agreement

For option 4, support the following: 

· When PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, second PHR value is determined as, 

· If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value, select Alt. 2A 

· Alt.2A: Is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.

· If there are multiple repetitions associated with the other TRP in slot n, the earliest one in slot n is selected.

· If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), select Alt. 1B 

· Alt1B: a second PHR value is reported as virtual PHR.

· If the first PHR value is virtual, select Alt. 1C 

· Alt1C: a second PHR value is reported as virtual PHR.

· Note: It was agreed that when second PHR is virtual, it is calculated based on a set of default power control parameters defined for the other TRP (that is not associated with the first PHR)

· Note: It was agreed that the above is applicable to both single entry and multi-entry PHR reports

RAN1#106bis-e Agreements

Agreement

If a UE does not support option 4 (Calculate two PHRs),
· If the PHR reporting is actual PHR, the UE uses the set of power control parameters corresponding to a first (earliest) repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted.

· If the PHR reporting is virtual PHR, it is reported based on legacy procedures.

· Note: RAN2 may further discuss PHR triggering aspects related to mTRP PUSCH repetition
