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1 Introduction

The following agreements and working assumptions were reached in RAN1#91 for UL power control in NR CA.

	Agreement
· In Case 1, (CCs/uplinks configured for UE have same numerology and overlapping transmissions between different CCs/uplinks with same starting time and same PUSCH/PUCCH transmission duration and one or two PUCCH group(s)), when the UE is power limited due to simultaneous transmission on multiple serving cells,

· PRACH of PCell > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of SCell

· Within a same priority level, PCell is prioritized over SCell.

· In case that transmission power exceeds Pcmax, Scaling/dropping is applied to the lowest priority first until the aggregated power is within Pcmax. Exact scaling or dropping is left to UE implementation.

· Note: different priority of SRS used for carrier switching can be discussed further. 

Working  Assumption
· In Case 2, (CCs/uplinks configured for UE have same or different numerologies and partially overlapping transmissions between different CCs/uplinks and same/different transmission duration and one or two PUCCH group(s)), when the UE is power limited due to simultaneous transmission on multiple serving CCs/uplinks,

· PRACH of PCell > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of Scell

· Within a same priority level, PCell is prioritized over Scell

· In case that transmission power exceeds Pcmax, Scaling/dropping is applied to the lowest priority first until the aggregated power is within Pcmax.

· Note: different priority of SRS used for carrier switching can be discussed further

· Scaling or dropping of the whole or part(s) of a transmission is left to UE implementation.

· Note: If the aggregated transmission power does not exceed Pc_max within any part of a transmission that overlaps with other transmission(s), the transmission is considered as non-power limited case.

· Note: power control with look-ahead is not required at UE.

Agreement
· For PRACH, PUSCH, PUCCH, and SRS, all power control parameters are configured per serving cell/uplink


This contribution summarizes remaining issues on power control for NR-CA based on companies’ Tdocs in order to facilitate our discussion in this meeting.
2 Summary
Companies have proposed the following:

	Company
	View

	ZTE
	· The following are addressed and corresponding Text Proposal is provided.

· Prioritize PUSCH with URLLC over PUSCH with traffic other than URLLC
· Prioritizing short PUCCH over long PUCCH 

	Intel
	· Confirm the working assumption made for Case 2 
· Look-ahead is not required at UE

	Samsung
	· Confirm the working assumption with the following condition 

· The least priority for power allocation to a PRACH transmission on the SCell is revisited.
· Prioritizing A-SRS over  P/SP-SRS

· Prioritizing SRS transmission on a cell without configured PUSCH/PUCCH transmission by a UE over a same type of SRS transmission on a cell with configured PUSCH/PUCCH transmissions by the UE 

	OPPO
	· The following are addressed and corresponding Text Proposal is provided.

· For Case 2, the definition of power-limited cases is not clear, i.e., the transmission durations on different CCs may be different for Case 2 and the total transmit power may exceed 
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in some part of the reference transmission period i.
· In the priority order, SRS transmission on PCell is missing. SRS on PCell is prioritized over SRS on other cells.
· A priority rule regarding SRS transmission for carrier switching is reused by one agreed/discussed in SRS session.

	Huawei, HiSilicon
	· The following are addressed and corresponding Text Proposal is provided.

· PRACH of PCell > PUCCH/PUSCH with A/N and/or SR > PUSCH/PUCCH with other UCIs > PUSCH w/o UCI > PUSCH/PUCCH-less PRACH/A-SRS > other PRACH/A-SRS > PUSCH/PUCCH-less SP/P SRS > other SP/P SRS

	InterDigital
	· Evaluation results are provided to show performance degradation in the case that both DMRS and data are scaled, and the following is proposed.

· For power sharing in Case 2, DMRS power should be maintained for the CC with the larger duration, scaling of the data part of the transmission is left to UE implementation.

	Qualcomm
	· Reference PH needs to be defined for CA

	Motorola, Lenovo
	· For priority handling, the following is proposed and corresponding Text Proposal is provided

· Specification should support a higher priority for PRACH on PSCell in CA-based power control, i.e., PRACH on PCell > PRACH on PSCell > PUCCH with HARQ-ACK/SR or PUSCH with HARQ-ACK > PUCCH with CSI/PUSCH with CSI > PUSCH without HARQ-ACK or CSI > SRS or PRACH on a serving cell other than the PCell or PSCell.
· Also, the following are proposed:

· Support option to allow UE to maintain a fixed total PA power setting over the overlapped portion as well as the non-overlapped portion of the UL transmissions from component carriers in intra-band CA
· To support overlapping UL transmissions with varying transmission powers that results in changes to the PA power setting, in both the power-limited and non-power-limited scenarios, insertion of DMRS in each overlapped and non-overlapped portion of the UL transmission is needed.


In summary, remaining issues to be discussed are the following:
· Whether or not to confirm the working assumption

· If not, the following aspects can be considered for refining the priority rule agreed in RAN1#91 
· A traffic type (URLLC/eMBB) transmitted on PUSCH/PUCCH 

· PUSCH with URLLC > PUSCH without URLLC

· Short PUCCH > Long PUCCH

· Priority rule for SRS transmission

· SRS transmission on PCell > SRS transmission on SCell
· A-SRS > SP-SRS/P-SRS
· SRS transmission on a cell with configured PUSCH/PUCCH transmission by a UE > same type of SRS transmission on a cell without configured PUSCH/PUCCH transmission by the UE

· For SRS transmission for carrier switching, reuse the same priority order of the dropping rules for the collision of SRS transmission and other UL transmission.

· Priority rule for PRACH
· PRACH of PCell > PUCCH/PUSCH with A/N and/or SR > PUSCH/PUCCH with other UCIs > PUSCH w/o UCI > PUSCH/PUCCH-less PRACH/A-SRS > other PRACH/A-SRS > PUSCH/PUCCH-less SP/P-SRS > other SP/P-SRS
· PRACH on PCell > PRACH on PSCell > PUCCH with HARQ-ACK/SR or PUSCH with HARQ-ACK > PUCCH with CSI/PUSCH with CSI > PUSCH without HARQ-ACK or CSI > SRS or PRACH on a serving cell other than the PCell or PSCell
· Others

· Whether or not a reference PHR needs to be defined for CA

· Whether power scaling needs to be applied for data only or applied for both data and DMRS for Case 2

· Whether or not to support the following:

· UE allows to maintain a fixed total PA setting over the over the overlapped portion as well as the non-overlapped portion of the UL transmissions from component carriers in intra-band CA.
· Insertion of DMRS in each overlapped and non-overlapped portion of the UL transmission in both the power-limited and non-power-limited scenarios to support overlapping UL transmissions with varying transmission powers that results in changes to the PA power setting.
3 Conclusion
According to companies’ inputs in Section 2, the following should be discussed:

· Whether or not to confirm the working assumption

· If not, the following aspects can be considered for refining the priority rule agreed in RAN1#91 
· A traffic type (URLLC/eMBB) transmitted on PUSCH/PUCCH 

· PUSCH with URLLC > PUSCH without URLLC

· Short PUCCH > Long PUCCH

· Priority rule for SRS transmission

· SRS transmission on PCell > SRS transmission on SCell

· A-SRS > SP-SRS/P-SRS

· SRS transmission on a cell with configured PUSCH/PUCCH transmission by a UE > same type of SRS transmission on a cell without configured PUSCH/PUCCH transmission by the UE

· For SRS transmission for carrier switching, reuse the same priority order of the dropping rules for the collision of SRS transmission and other UL transmission.

· Priority rule for PRACH

· PRACH of PCell > PUCCH/PUSCH with A/N and/or SR > PUSCH/PUCCH with other UCIs > PUSCH w/o UCI > PUSCH/PUCCH-less PRACH/A-SRS > other PRACH/A-SRS > PUSCH/PUCCH-less SP/P-SRS > other SP/P-SRS
· PRACH on PCell > PRACH on PSCell > PUCCH with HARQ-ACK/SR or PUSCH with HARQ-ACK > PUCCH with CSI/PUSCH with CSI > PUSCH without HARQ-ACK or CSI > SRS or PRACH on a serving cell other than the PCell or PSCell
· Others

· Whether or not a reference PHR needs to be defined for CA

· Whether power scaling needs to be applied for data only or applied for both data and DMRS for Case 2

· Whether or not to support the following:

· UE allows to maintain a fixed total PA setting over the over the overlapped portion as well as the non-overlapped portion of the UL transmissions from component carriers in intra-band CA.
· Insertion of DMRS in each overlapped and non-overlapped portion of the UL transmission in both the power-limited and non-power-limited scenarios to support overlapping UL transmissions with varying transmission powers that results in changes to the PA power setting.
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