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1 Introduction
In RAN2#116bis-e meeting, RAN2 concluded add a new RRC IE for PUCCH power control for mTRP FR1 operation
· add a new IE for power control for mTRP FR1 operation and consult on the number of power control sets to be configured. 

· [060] Introduce the new MAC CE(s) to support PUCCH Power control set update (with power control) for FR1 cases. FFS, detail MAC CE design based on new RRC IE for FR1-dedicated power control set.

In the feMIMO RRC open issues towards RAN2#117 (R2-2202001 [1]), following open issue was listed:
Open issue 2: pucch-PowerControlSet to be aligned with the corresponding MAC CE design

In addition, RAN2 sent LS (R2-2202002 [2]) to RAN1 including following questions in terms of the number of power control sets to be configured with respect to each TRP.

For mTRP PUCCH, RAN2 has agreed to add a new IE for power control for mTRP FR1 operation. However, RAN2 would need information on the number of power control sets to be configured with respect to the each TRP and then in relation to the corresponding MAC CE.

Question 2.1: How many power control sets needs to be configured with respect to the each TRP and then in relation to the corresponding MAC CE per UE/cell/BWP?

In this contribution, we provide the view on the detail issues regarding new RRC IE for power control for mTRP FR1 and MAC CE design.
2 Discussion
2.1 RRC signaling on PUCCH power control for mTRP FR1
2.1.1 New RRC IE for PUCCH power control for mTRP FR1
In the latest version of feMIMO RRC running CR (R2-2202000 [3]), the new RRC IE for PUCCH power control for mTRP FR1 is included as PUCCH-PowerControlSetInfo-r17.

PUCCH-Config ::=                        SEQUENCE {
-- skipped --

[[

    mappingPattern-r17                      ENUMERATED {cyclicMapping, sequentialMapping}                         OPTIONAL -- Need R
    pucch-PowerControlSet-r17               PUCCH-PowerControlSetInfo-r17                                             OPTIONAL –- Need R
   --Editor’s note: pucch-PowerControlSet to be aligned with the corresponding MAC CE design

    ]]

}

PUCCH-PowerControlSetInfo-r17 ::=               SEQUENCE {

    p0-PUCCH-Value-r17                      INTEGER (-16..15),   
    pusch-ClosedLoopIndex-r17               ENUMERATED { i0, i1 },
    pucch-PathlossReferenceRS-Id            PUCCH-PathlossReferenceRS
   --Editor’s note: to be aligned with the corresponding MAC CE design

}

Here, we think there are two more considerations on the RRC IE (i.e. PUCCH-PowerControlSetInfo-r17):

1) Maximum number of PUCCH power control sets (i.e. need of sequence structure and index)

· It can be determined based on RAN1 reply on RAN2 question in R2-2202002 [2].

· At least, sequence structure seems required for PUCCH power control sets in the PUCCH-Config to differentiate the power control parameter set for each TRP, see the below yellow highlight structure.

· Index of PUCCH power control sets is required, see the green highlight below.
· Use the same RRC structure what PUCCH-SpatialRelationInfo IE used except for reference field
2) Maximum number of pucch-PathlossReferenceRS-Id can be referred to PUCCH power control set
· There are two numbers for the maximum pathloss reference RSs (i.e. Rel-15 (4) and Rel-16 (64)) but we think it is fine to use the Rel-16 defined Maximum number of RSs for this case as well.
PUCCH-Config ::=                        SEQUENCE {
-- skipped --

[[

pucch-PowerControlSet-r17


SEQUENCE (SIZE (1..maxNrofPUCCH-PowerControlFR1-r17)) OF PUCCH-PowerControlSetInfo-r17            OPTIONAL, -- Need N
]]

}
PUCCH-PowerControlSetInfo-r17::=           SEQUENCE {
    pucch-PowerControlFR1-id-r17            PUCCH-PowerControlFR1-id-r17,    
    pucch-PathlossReferenceRS-Id-r17        PUCCH-PathlossReferenceRS-Id-r17,
    p0-PUCCH-Id-r17                         P0-PUCCH-Id,
    closedLoopIndex-r17                     ENUMERATED { i0, i1 }
}
 
PUCCH-PowerControlFR1-id-r17    ::=     INTEGER (0.. maxNrofPUCCH-PowerControlFR1-1-r17)
PUCCH-PathlossReferenceRS-Id-r17::=     INTEGER (0.. maxNrofPUCCH-PathlossReferenceRSs-1-r16)
maxNrofPUCCH-PowerControlFR1-r17 
INTEGER ::= FFS       -- Maximum number of PUCCH power control sets.
maxNrofPUCCH-PowerControlFR1-1-r17
INTEGER ::= FFS       -- Maximum number of PUCCH power control sets minus 1.
maxNrofPUCCH-PathlossReferenceRSs       INTEGER ::= 4       -- Maximum number of RSs used as pathloss reference for PUCCH power control.

maxNrofPUCCH-PathlossReferenceRSs-1     INTEGER ::= 3       -- Maximum number of RSs used as pathloss reference for PUCCH power control minus 1.

maxNrofPUCCH-PathlossReferenceRSs-r16   INTEGER ::= 64      -- Maximum number of RSs used as pathloss reference for PUCCH power control extended.

maxNrofPUCCH-PathlossReferenceRSs-1-r16 INTEGER ::= 63      -- Maximum number of RSs used as pathloss reference for PUCCH power control                  -- minus 1 extended.


Fig 1. RRC signaling for PUCCH power control sets
Proposal 1: RAN2 adopt the RRC signaling for PUCCH power control sets captured as Fig 1 to be a baseline.

2.1.2 Initial setting for PUCCH power control for mTRP FR1
In addition, it is not clear which parameters included in the power control sets could be the initial values for each TRP. For the legacy operation in TS 38.213 [4], following rules are described for FR1 case.

1. For P0 value: minimum P0-PUCCH-Id (index#1) is used.
	If the UE is not provided PUCCH-SpatialRelationInfo, the UE obtains the p0-PUCCH-Value value from the P0-PUCCH with p0-PUCCH-Id value equal to the minimum p0-PUCCH-Id value in p0-Set.


2. For Pathloss reference RS: the first PUCCH-PathlossReferenceRS-Id (index#0) is used.

	If the UE is provided pathlossReferenceRSs and is not provided PUCCH-SpatialRelationInfo, the UE obtains the referenceSignal value in PUCCH-PathlossReferenceRS from the pucch-PathlossReferenceRS-Id with index 0 in PUCCH-PathlossReferenceRS where the RS resource is either on the primary cell or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking


There will be two approaches to indicate the initial sets for each TRP if the new RRC IE for PUCCH power control sets is configured/used:

1) Option 1: First two indexes for pucch-PowerControlSet-r17 can be used for TRP 1 and TRP 2, respectively. So NW needs to configure the initial values for TRP 1 and TRP 2 in sequence, remaining candidate configurations would be onward.
2) Option 2: Explicit indexes (or values) for initial values for TRP1 and TRP 2 can be configured by RRC.
From our understanding, both options are possible and it will be determined how RRC IE is signaled.
Proposal 2: RAN2 specify the initial PUCCH power control set for each TRP in the specification.
2.2 MAC CE for PUCCH power control for mTRP FR1
2.2.1 Required functionalities
We think the MAC CE design on PUCCH power control for mTRP FR1 could be similar with Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE in TS 38.321 [5].
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.


In addition, same mechanism for PUCCH-SpatialRelationInfo could be used. For detail MAC CE design, we think the following aspects should be considered:

1. Issue 1: Whether to support multiple number of linking between PUCCH Resource ID and PUCCH power control set can be included in the same MAC CE format.

2. Issue 2: Whether to apply the PUCCH resource group operation
: If the indicated PUCCH Resource ID is included in a PUCCH Resource Group (configured via resourceGroupToAddModList as specified in TS 38.331) of the indicated UL BWP, no other PUCCH Resources within the same PUCCH Resource group are indicated in the MAC CE, and this MAC CE applies to all the PUCCH Resources in the PUCCH Resource group.
For the first issue, at least two sets of PUCCH resource ID and Power control set is needed to indicate the linking for mTRP and further support of multiple linking could be determined if the per-PUCCH resource level power control is needed. It seems RAN1 also indicated the same mechanism of Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE is applied, it could be fine to support multiple linking between PUCCH Resource ID and PUCCH power control set for mTRP FR1.
Proposal 3: PUCCH power control for mTRP FR1 MAC CE support multiple number of linking between PUCCH Resource ID and PUCCH power control set i.e. more than two.
For the second issue, same with the first issue, it seems fine to support same functionality what Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE supported based on RAN1 agreements. So, PUCCH resource group concept can be also applied to this PUCCH power control for mTRP FR1 MAC CE.
Proposal 4: PUCCH resource group concept can be also applied to this PUCCH power control for mTRP FR1 MAC CE. 
· If the indicated PUCCH Resource ID is included in a PUCCH Resource Group (configured via resourceGroupToAddModList as specified in TS 38.331) of the indicated UL BWP, no other PUCCH Resources within the same PUCCH Resource group are indicated in the MAC CE, and this MAC CE applies to all the PUCCH Resources in the PUCCH Resource group
For the second issue, same with the first issue, it seems fine to support same functionality what Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE supported based on RAN1 agreements. So, PUCCH resource group concept can be also applied to this PUCCH power control for mTRP FR1 MAC CE.
2.2.2 MAC CE design

Detail MAC CE design can be determined with considering above proposals and the answer what RAN1 will reply. If the required maximum number of PUCCH power control sets is exceed 8, the explicit ID of PUCCH power control set can be used for indexing, else if the required maximum number of PUCCH power control sets is not exceed 8, we think bitmap approach could be acceptable for signaling optimization.

1) Option 1 for MAC CE format: Explicit ID based format
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2) Option 2 for MAC CE format: Bitmap based format
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Proposal 5: RAN2 determine the detail MAC CE format based on the RAN1 reply regarding the required maximum number of PUCCH power control sets.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: RAN2 adopt the RRC signaling for PUCCH power control sets captured as Fig 1 to be a baseline.

Proposal 2: RAN2 specify the initial PUCCH power control set for each TRP in the specification.
Proposal 3: PUCCH power control for mTRP FR1 MAC CE support multiple number of linking between PUCCH Resource ID and PUCCH power control set i.e. more than two.
Proposal 4: PUCCH resource group concept can be also applied to this PUCCH power control for mTRP FR1 MAC CE. 

· If the indicated PUCCH Resource ID is included in a PUCCH Resource Group (configured via resourceGroupToAddModList as specified in TS 38.331) of the indicated UL BWP, no other PUCCH Resources within the same PUCCH Resource group are indicated in the MAC CE, and this MAC CE applies to all the PUCCH Resources in the PUCCH Resource group
· Proposal 3: PUCCH power control for mTRP FR1 MAC CE support multiple number of linking between PUCCH Resource ID and PUCCH power control set i.e. more than two.
Proposal 5: RAN2 determine the detail MAC CE format based on the RAN1 reply regarding the required maximum number of PUCCH power control sets.
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