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1 Introduction

This contribution summarizes remaining issues on NR UL power control focused on CA and DC aspects based on companies’ Tdocs submitted in AI 7.1.5. 
The issues addressed by companies can be broadly categorized into the following:

· Reply LS to RAN2 on EN-DC power sharing

· Cross-carrier indication for power control parameters for PUCCH, SRS and PUSCH including clarification on PL estimate for an SCell
· PHR-related issues

· UE behavior for determination of Type 1/3 or actual/virtual PHR on SUL/non-SUL
· How to set P0_NOMINAL_PUSCH,f,c(j) for virtual PHR
· Virtual PHR for EN-DC
· Clarification on UE assumption for virtual PHR calculation
· On PH trigger and report
· UE behavior for PHR for Type-B scheduling

2 Companies’ Views
This section provides details on companies’ views as follows:

1) Reply LS to RAN2 on EN-DC power sharing
The following is excerpted from R1-1810066:

RAN2 discussed the changes that RAN4 suggested in their LS (R2-1806639) and agreed to enable the UE to advertise a power class in the band combination and the network to configure a power limit per UE (as requested). The detailed RAN2 agreements are shown below: 

	Agreements

1 Except for p-Max in FrequencyInfoUL, all other p-values (p-NR-FR1, p-UE-FR1) apply only to FR1 (CR tags corresponding fields as “FR1”)

2 Do not introduce additional p-values for FR2 now. Additional p-values can be added later if RAN4 decides whether and how to support restrictions for FR2 and/or for combinations of FR1 and FR2.

4 Clarify that the UE sets the new power class parameter only in band combinations with two FR1 uplink serving cells.

5 Add the power class value “pc4” and “pc1” in BandNR. Discuss whether to do this as NBC change or in a backwards compatible manner.

6 Consider adding p-UE-FR1 in inter-node signalling from MN to SN


RAN2 agreed corresponding draft CRs for 38.331 (R2-1813282) and 36.331 (R2-1812242). 

RAN1 had earlier informed RAN2 that the UE uses dynamic power sharing if “P_lte + P_nr > X_total”. However, according to RAN4’s input, the power restriction values are only applicable to FR1. Furthermore, the transmit power available per UE is not only determined by the power class but also by the configured power restriction per UE. Hence, it is RAN2’s understanding that the UE uses dynamic power sharing if “p-LTE + p-NR-FR1 > min {p-UE-FR1, power class}”. 
RAN2 would like to ask RAN1 and RAN4 to review this assumption and, if they agree, to adjust their specifications accordingly if necessary. 

	Company
	View

	Samsung
	· The following is proposed:
· Send a reply LS to RAN2 to inform that a UE uses dynamic power sharing if 

“p-LTE + p-NR-FR1 > p-UE-FR1”.


2) Cross-carrier indication for power control parameters
	Company
	View

	ZTE
	For PUCCH

· Reuse pathlossReferenceLinking in ServingCellConfig for PUCCH for PL RS determination for cross carrier scheduling:
· Do NOT confirm the working assumption for PUCCH due to the serious restriction between cross-carrier beam indication and DL PL indication in terms of cross carrier scheduling.

For PUSCH and SRS

· Reuse pathlossReferenceLinking in ServingCellConfig for PUSCH and SRS for PL RS determination for cross carrier scheduling

	Vivo
	· Use the RRC parameter pathlossReferenceLinking for cross carrier PC parameter(s) configurations

	CATT
	For PUCCH

· The working assumption of the cross-carrier indication for PUCCH power control parameters made in RAN1#93 should be confirmed.
For SRS
· The working assumption of the cross-carrier indication for PUCCH power control parameters made in RAN1#93 should further apply for semi-persistent SRS power control parameters.
For PUSCH

· The cross-carrier indication for PUSCH power control parameters could be achieved by CIF and the index of the configured SRI-PUSCH-PowerControl in the DCI.

	Samsung
	For PUCCH or SRS

· PUCCH-SpatialRelationInfo (i.e., confirm the working assumption) or SRS-SpatialRelationInfo is respectively used if configured. Otherwise, pathlossReferenceLinking is used.
For PUSCH

· pathlossReferenceLinking is used.

	Qualcomm
	· Support RRC configuration for a serving cell to indicate the cell-ID of the cell whose DL pathloss references to be applied.
· Proposed to define pathlossReferenceLinking.

	Motorola, Lenovo
	For PUCCH
· The WA in RAN1#93 for cross-carrier indication of PUCCH pathloss reference should be confirmed with an update similar to the current text in TS 38.213 specification. 
For SRS
· For cross-carrier indication of pathloss reference for SRS, the pathloss reference is from the serving cell with the smallest index among the serving cell indexes provided by SRS-SpatialRelationInfo of the SRS resources in an SRS resource set.

· If SRS-SpatialRelationInfo is not configured with a cell index for any of the SRS resources in an SRS resource set, but pathlossReferenceLinking is configured, the pathloss reference is from the serving cell provided in pathlossReferenceLinking
· A text proposal is provided in Annex 4 of R1-1811293.
For PUSCH
· For DCI format 0_0 with a default pathloss reference, the pathloss reference can be based on pathlossReferenceLinking, if configured. 
· For codebook-based transmission, the pathloss reference is from the serving cell provided in SRS-SpatialRelationInfo corresponding to the SRS resource indicated by the SRI.
· For codebook-based transmission when SRS-SpatialRelationInfo is configured, the pathloss reference is from the smallest serving cell provided in SRS-SpatialRelationInfo corresponding to the SRS resources indicated by the SRI.
· For both codebook-based and non-codebook transmissions, if SRS-SpatialRelationInfo is not configured with a cell index for SRS resource(s) indicated by SRI, but pathlossReferenceLinking is configured, the pathloss reference is from the serving cell provided in pathlossReferenceLinking.
· A text proposal is provided in Annex 4 of R1-1811293.

	Ericsson
	For PUSCH

For PUSCH transmission on a PCell or PScell, if the UE is not configured with higher layer parameter PUSCH-PathlossReferenceRS, the UE would use the RS resource from the SS/PBCH block index used for MIB decoding. However, for Scell case, it unclear which PL reference the UE needs to use when it is not configured with PUSCH-PathlossReferenceRS.
For NR, since there is anyway signalling available for gNB to explicitly configure a PL reference for each BWP, carrier and serving cell (i.e., using the PUSCH-PathlossReferenceRS IE), there is no explicit need for the pathlossReferenceLinking parameter. So, the following is proposed:
· UE behaviour needs to be clarified for the case where UE is not configured with higher layer parameter PUSCH-PathlossReferenceRS for an SCell.
· The behaviour is clarified as follows:
· If the UE is not provided higher layer parameter PUSCH-PathlossReferenceRS for UL BWP b of carrier f of serving cell c, the UE calculates PLb,f,c(qd) using a RS resource from the PCell SS/PBCH block index that the UE obtains higher layer parameter MasterInformationBlock.

	Nokia
	For PUCCH

· Confirm the working assumption on PUCCH pathloss measurement in cross-carrier scheduling.
For SRS
· For SRS, if higher layer parameters ‘cell’ and bwp-Id’ are included in the SRS-SpatialRelationInfo, UE understand that the pathloss reference signal index corresponds to the configurations in cell and active BWP indicated by the higher layer parameter cell and BWP-Id.


3) PHR-related issues
Issue A) UE behavior for Type-1/Type-3 and actual/virtual PHR on SUL/non-SUL
	Company
	View

	Huawei
	· When UE transmits PUSCH and SRS concurrently on both SUL and non-SUL in the same serving cell and both Type 1 PH and Type 3 PH are triggered, the UE only reports the Type 1 PH.

	vivo
	· For SUL and non-SUL simultaneous transmission case, when one carrier with PUSCH transmission and the other with SRS transmission, the carrier with higher channel priority as defined in the total UE transmission power exceeds Pcmax in multi-carrier transmission case shall be reported first.
· PHR type 1 or 3 and actual or virtual PHR are determined by the latest uplink transmission to the first new transmission DCI received occasion after PHR triggered occasion.

	CATT
	· UE should report PHR of PUSCH if UE is configured with UL and SUL with simultaneous transmissions of PUSCH on one carrier and SRS on the other carrier.

	Samsung
	· If a UE is configured with two UL carriers for a serving cell and UE determines that Type 1 power headroom report for the serving cell is based on an actual PUSCH transmission and Type 3 power headroom report for the serving cell is based on an actual SRS transmission, the UE provides the Type 1 power headroom report.

	Motorola, Lenovo
	· For UEs capable of simultaneous transmission of PUSCH on SUL/non-SUL and transmission of SRS on the other UL carrier, and in CA operation, determine PHR Type-1 vs. Type-3 according to the following “PHR priority order”: actual Type-1 PHR > actual Type-3 PHR > virtual Type-1 PHR > virtual Type-3 PHR.
· A text proposal is provided in Annex 5 of R1-1811293.

	Nokia
	· When PHR is triggered for a serving cell with simultaneous transmission of PUSCH and SRS, down-select one of two alts below:
· Alt 1: UE send PHR for a UL configured with PUCCH, or for non-SUL if PUCCH is not configured
· Alt 2: UE send PHR for PUSCH transmission


Issue B) On P0_NOMINAL_PUSCH,f,c(j) for virtual PHR

	Company
	View

	Huawei
	· The parameter P0_NOMINAL_PUSCH,f,c(j) for virtual PHR is provided by higher layer parameter p0-NominalWithGrant.

	ZTE
	· Regarding the cell-specific P0 for virtual PHR, the cell-specific P0 for grant-free transmission should be used if P0alphasetindex = 0 is configured in higher layer parameter ConfiguredGrantConfig; otherwise, the cell-specific P0 for grant-based transmission should be used.

	CATT
	· If both grant-based and grant-free PUSCH is not scheduled to transmit for the cell at the slot when PHR is trigger, the UE should report the virtual PHR based on the grant-based transmission with the cell-specific P0 for grant-based transmission should be used.

	Samsung
	· For virtual PUSCH PHR calculation, P0_NOMINAL_PUSCH,f,c(0) is used.

	Nokia
	· For virtual PHR reporting, P0_NOMINAL_PUSCH,f,c(j) for j = 0 is used.


Issue C) Virtual PHR for EN-DC

	Company
	View

	Samsung
	For LTE, TS 36.213 specifies the following for virtual PHR in DC. However, virtual PHR in EN-DC is not described in TS 38.213. Further, RAN2 already defined the parameter phr-ModeOtherCG in TS 38.331 and it is used in TS 38.321 for the case of real PHR as in LTE.

If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOtherCG-r12 for a CG indicates ‘virtual’, for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not transmit PUSCH/PUCCH on any serving cell of the other CG
According to the above, the following is proposed:

· Capture in TS 38.213 the above text from TS 36.213 (with the change of phr-ModeOtherCG-r12 to phr-ModeOtherCG).


Issue D) Clarification on UE assumption for virtual PHR calculation

	Company
	View

	Samsung
	There is no motivation to apply real ΔTIB,c rather than ΔTIB,c = 0dB for virtual PHR but set the other values above to 0dB (i.e., MPR=0dB, A-MPR=0dB, P-MPR=0dB, ΔTC = 0dB)

Also, the underlying assumption in RAN2 is that when the UE reports virtual PHR, the UE does not report PCMAX because PCMAX = PCMAX,H = PCMAX,L.

According to the above, the following is proposed:

· For virtual PUSCH/SRS PHR, 
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is computed assuming ΔTIB,c = 0dB. 


Issue E) On PHR trigger and report

	Company
	View

	Qualcomm
	The following is observed:
· Since up to 4 PL-RSs can be configured, for the cell that triggers PHR the reference PL-RS can be different from the PL-RS that triggers the PHR.

According to this observation, the following is proposed:

· Support a new PHR format based on a reference UL transmission with the PL-RS that triggers PHR as the reference path loss and the rest parameters being the same as existing virtual PHR.
· The new PHR is included in the MAC-CE together with the cell-ID and the triggering pusch-pathlossreference-index for Type 1 or SRS-ResourceSetID for type 3.


Issue F) On PHR for Type-B scheduling

	Company
	View

	Samsung
	In RAN1#93, the following was agreed:

Agreement
In case of UL CA with different SCSs, when the slot of the UL transmission carrying the PHR overlaps with the slot on CC with higher SCS, the PH of the first slot with higher SCS that fully overlaps with the slot with the lower SCS is reported.

There could be the following cases where the above agreement cannot be applied: i) CC carrying PHR is slot-based but CC for PHR calculation is non-slot based and ii) CC carrying PHR is non-slot based and CC for PHR calculation is also non-slot based. So, UE behavior needs to be clarified for these cases and the following is proposed:

· If a PUSCH on the CC for PHR calculation is non-slot based, the PUSCH including the first OFDM symbol of the first slot on the CC for PHR calculation, which is overlapped with the slot on the PHR-carrying CC is used to calculate PH.


3 Offline Proposals
Based on companies’ views captured in Section 2, the following offline proposals can be put on the table:

1) Reply LS to RAN2 on EN-DC power sharing

Offline proposal
· Send a reply LS to RAN2:

· To go through the draft reply LS. 

2) Cross-carrier indication for power control parameters

Offline proposal for PUCCH – To down select one of the following three alternatives:
For cross-carrier indication of power control parameters for PUCCH, the following is supported:

· Alt1: To confirm the WA (CATT, Motorola/Lenovo, Nokia)
· Note: UE behavior needs to be specified for the case where PUCCH-SpatialRelationInfo is not configured

· Alt2: To use pathlossReferenceLinking in servingCellConfig (ZTE, vivo, Qualcomm)

· Note: pathlossReferenceLinking is an optional parameter in TS38.331 
· FFS if default UE behavior needs to be specified when the parameter is absent 
· Alt3: To use servingCellId in PUCCH-SpatialRelationInfo (i.e., confirm the WA) if configured. 

· Else, pathlossReferenceLinking is used if configured.

Offline proposal for SRS – To down select one of the following three alternatives:
For cross-carrier indication of power control parameters for SRS, the following is supported:

· Alt1: To use SRS-SpatialRelationInfo (CATT, Nokia)

· Note: UE behavior needs to be specified for the case where SRS-SpatialRelationInfo is not configured 

· Alt2: To use pathlossReferenceLinking in servingCellConfig (ZTE, vivo, Qualcomm)

· Note: pathlossReferenceLinking is an optional parameter in TS38.331
· FFS if default UE behavior needs to be specified when the parameter is absent 
· Alt3: To use servingCellId in SRS-SpatialRelationInfo if configured (Samsung, Motorola/Lenovo). 

· Else, pathlossReferenceLinking is used if configured.

· FFS if different serving cell indexes are provided by SRS-SpatialRlationInfo of the SRS resources in an SRS resource set, whether to use the smallest index among the provided serving cell indexes
Offline proposal for PUSCH – To down select one of the following four alternatives:
For cross-carrier indication of power control parameters for PUSCH, the following is supported:

· Alt1: To use pathlossReferenceLinking in servingCellConfig (ZTE, vivo, Qualcomm)

· Note: UE behavior needs to be specified for the case where pathlossReferenceLinking is not configured 
· Alt2: To use PUSCH-PathlossReferenceRS and define default UE behavior as (Ericsson)

· If the UE is not provided higher layer parameter PUSCH-PathlossReferenceRS for UL BWP b of carrier f of serving cell c., the UE calculates PLb,f,c(qd) using a RS resource from the PCell/PSCell SS/PBCH block index that the UE obtains higher layer parameter MasterInformationBlock.
· Alt3: To use CIF and the index of the configured SRI-PUSCH-PowerControl in the DCI (CATT). 

· Note: UE behavior needs to be specified for the case where SRI-PUSCH-PowerControl is not configured (Samsung). 
· Alt4: As the following rule (Motorola/Lenovo). 

· For DCI format 0_0 with a default pathloss reference, the pathloss reference can be based on pathlossReferenceLinking, if configured:
· For codebook-based transmission, the pathloss reference is from the serving cell provided in SRS-SpatialRelationInfo corresponding to the SRS resource indicated by the SRI.

· For codebook-based transmission when SRS-SpatialRelationInfo is configured, the pathloss reference is from the smallest serving cell provided in SRS-SpatialRelationInfo corresponding to the SRS resources indicated by the SRI.
· For both codebook-based and non-codebook transmissions, if SRS-SpatialRelationInfo is not configured with a cell index for SRS resource(s) indicated by SRI, but pathlossReferenceLinking is configured, the pathloss reference is from the serving cell provided in pathlossReferenceLinking.
· Alt5: To use servingCellId in SRS-SpatialRelationInfo, if configured, of SRS resource(s) indicated by SRI if present. 

· Else (i.e., if SRI is not present or if servingCellId in SRS-SpatialrelationInfo is not configured), pathlossReferenceLinking is used if configured.

· FFS if different serving cell indexes are provided by SRS-SpatialRlationInfo of the SRS resources indicated by SRI, whether to use the smallest index among the provided serving cell indexes
3) PHR-related issues
Issue A) UE behavior for Type-1/ Type-3 PHR and actual/virtual PHR on SUL/non-SUL
· Alt1: The UE only reports the Type-1 PH (Huawei, CATT, Samsung, Nokia)

· Alt2: According to the priority defined for the UE TX power allocation in CA (vivo, Nokia)

· Example: The carrier with higher channel priority as defined in the total UE transmission power exceeds Pcmax in multi-carrier transmission case shall be reported first.
· Alt3: PHR type 1 or 3 and actual or virtual PHR are determined by the latest uplink transmission to the first new transmission DCI received occasion after PHR triggered occasion (vivo)

· Alt4: According to the following PHR priority rule (Motorola/Lenovo)

· actual Type-1 PHR > actual Type-3 PHR > virtual Type-1 PHR > virtual Type-3 PHR
According to the LS from RAN2 (R1-1811921), if a UE is configured with two UL carriers for a serving cell and if the UE reports a UE capability simultaneousTxSUL-NonSUL for the serving cell, and if the UE determines that Type 1 power headroom report for the serving cell is based on an actual PUSCH transmission and Type 3 power headroom report for the serving cell is based on an actual SRS transmission, the UE provides the Type-1 PHR.
Offline proposals
If a UE is configured with two UL carriers for a serving cell and if the UE reports a UE capability simultaneousTxSUL-NonSUL for the serving cell, and if the UE determines that Type 1 power headroom report for the serving cell is based on a reference PUSCH transmission and Type 3 power headroom report for the serving cell is based on a reference SRS transmission, the UE provides the Type-1 PHR.
If a UE is configured with two UL carriers for a serving cell and if the UE reports a UE capability simultaneousTxSUL-NonSUL for the serving cell, and if the UE determines that a power headroom for only one of the two UL carriers of the serving cell is based on an actual transmission, the UE provides a Type-1 PHR when the actual transmission is a PUSCH transmission, or provides a Type-3 PHR when the actual transmission is an SRS transmission.
Send a reply LS to RAN2 to inform them of these two agreements
Issue B) On P0_NOMINAL_PUSCH,f,c(j) for virtual PHR
Offline proposal – To down select one of the following four alternatives:
For virtual Type-1 PHR calculation, UE assumes that 
· Alt1: Provided by higher layer parameter p0-NominalWithGrant (Huawei)

· Alt2: Cell-specific P0 for grant-free transmission if P0alphasetindex = 0 is configured in ConfiguredGrantConfig; otherwise, cell-specific P0 for grant-based transmission (ZTE)

· Alt3: If both grant-based and grant-free PUSCH is not scheduled to transmit for the cell at the slot when PHR is trigger, the UE should report the virtual PHR based on the grant-based transmission with the cell-specific P0 for grant-based transmission should be used (CATT)

· Alt4: P0_NOMINAL_PUSCH,f,c(0) is used (Samsung, Nokia)

Issue C) Virtual PHR for EN-DC
Offline proposal:
· Capture in TS 38.213 the below text from TS 36.213 with the change of phr-ModeOtherCG-r12 to phr-ModeOtherCG (Samsung)
· If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOtherCG-r12 for a CG indicates ‘virtual’, for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not transmit PUSCH/PUCCH on any serving cell of the other CG.
Issue D) UE assumption for virtual PHR calculation
Offline proposal:
· For virtual PUSCH/SRS PHR, 
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is computed assuming ΔTIB,c = 0dB (Samsung)
Issue E) On PHR trigger and report
Offline proposal:
· Support a new PHR format based on a reference UL transmission with the PL-RS that triggers PHR as the reference path loss and the rest parameters being the same as existing virtual PHR (Qualcomm)
· The new PHR is included in the MAC-CE together with the cell-ID and the triggering pusch-pathlossreference-index for Type 1 or SRS-ResourceSetID for type 3.
Issue F) On PHR for Type-B scheduling
Offline proposal:
· If a PUSCH on the CC for PHR calculation is non-slot based, the PUSCH including the first OFDM symbol of the first slot on the CC for PHR calculation, which is fully overlapped with the slot on the PHR-carrying CC is used to calculate PH (Samsung)
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