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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 and EN-DC based on companies’ Tdocs submitted in AI 7.1.6.2 and AI 7.1.6.3.
2 Companies’ Views
Companies have identified remaining issues which can be broadly categorized into the following:

· 1) Power scaling/dropping for NR-CA including refinement on the agreements in RAN1#91

· 2) Issues on PHR for NR-CA including virtual PHR calculation.

· 3) Issues on EN-DC including UE’s behavior for SUO-case 1 when the UE is capable of dynamic power sharing and UE’s behavior when the UE is configured for shortened TTI and processing time on the MCG.

· 4) Issues on NR-DC

Based on the above categorization, companies have showed their views as follows:

1) Issues on power scaling/dropping for NR-CA
	Company
	View

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

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

	Huawei, HiSilicon
	· The following are proposed 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
· The following are also proposed for power scaling for CA with different numerologies

· For the case that M component carriers configured for UE have N types of numerologies (N > 1, N ≤ M), the M component carriers can be grouped into N CGs, e.g., CG(g) where g = 1,…,N according to the numerology.

· Power adaptation within one slot can be considered as one optional scheme for NR CA, i.e., transmission of one CC on the overlapped duration can be suspended to leave power for that of another CC with higher priority.

	Samsung
	· Confirm the working assumption with the following modification 

· Prioritizing PRACH on a SCell over all other transmissions except for PRACH on the PCell.
· 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-SRS >  PRACH on PSCell > P/SP-SRS
· Priority rule regarding SRS transmission for carrier switching is reused by one agreed/discussed in SRS session.

	LGE
	· In case of UL CA with different numerologies, PHR on an UL carrier in a slot includes PHR in the first overlapping slot(s) in the other aggregated carrier(s).

	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.

	Motorola, Lenovo
	· For priority handling, the following are proposed.

· Within each priority level for a set of channels/signals, 

· Prioritizing shorter TTI over longer TTI

· Prioritizing larger SCS (subcarrier spacing) over smaller SCS
· 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.


2) Issues on PHR for NR-CA
	Company
	View

	Huawei, HiSilicon
	· For virtual PH calculation, the following are proposed:

· When PUSCH is not transmitted, PH is computed based on the PC parameters associated with a higher layer configured SRS resource set.

· The SRS resource set for virtual Type 3 PH is derived from higher layer configured SRS resource.

· For actual Type 3 PHR, Type 3 PH can be reported when PUSCH is configured on the same cell as the SRS.
· For coordinated scheduling based on PHR of carriers with larger subcarrier spacing, the following is proposed:

· One parameter indicating the available remaining power on CC with the larger SCS for the overlapped duration can be considered for PHR.

	Samsung
	· For virtual PH calculation, j and l are predefined and qd is the latest pathloss index associated with j and l. 

	LGE
	· In case of UL CA with different numerologies, PHR on an UL carrier in a slot includes PHR in the first overlapping slot(s) in the other aggregated carrier(s).

	Qualcomm


	· For the determination of j, qd, and l for virtual PHR of PUSCH, down-select from the following two options:

· Opt.1: fix l = 1 or 2, qd and j are the most recent ones associated with l
· Opt.2: In case of more than one closed power control loops, l is a function of slot number, e.g., l = 1 for odd-numbered slots and l = 2 for even-numbered slots; otherwise, l = 1. qd and j are the most recent ones associated with l.

	Ericsson
	· For virtual PH for non-scheduled serving cell/uplink, UE uses one of the following options

· Opt.1: UE uses {j, qd, l} of the serving cell/uplink for which a grant is received to compute the virtual PH of the serving cell/uplink for which there is no grant
· If multiple grants are received, UE uses {j, qd, l} of the serving cell with the lowest cell index for which a grant is received.
· Opt.2: UE uses a RRC configured {j, qd, l} setting to compute the virtual PH of the serving cell/uplink for which there is no grant.
· Separate configuration per serving cell/uplink is provided to the UE.

· For each serving cell/uplink, RRC indicates whether the UE should use option 1 or option 2 to compute the virtual PH for that serving cell/uplink

· Inform RAN2 that Type 2 PH computation is not supported for Rel-15 in 38.213

	vivo
	· For virtual PHR calculation, the following options are proposed:

· Opt.1: preconfigured a set default value, e.g., P0/alpha(0), closed loop process(0)

· Opt.2: based on another serving cell with PUSCH transmission

· For single CC case, virtual PHR for inactive BWP is supported.

	CATT
	· For virtual PHR calculation,
· The power accumulation function ff,c(i, l) should be set to zero.

· A default value of SRI-P0AlphaSetIndex-Mapping for the P0 and the associated α, and num-pusch-pathlossReference-rs for the reference signal for the pathloss measurement should be configured when a SCell is configured for CA/DC.

· The default value of P0 and the associated α, and the reference signal for the pathloss measurement is used for the non-scheduling serving cell

	DOCOMO
	· For virtual PHR of PUSCH/SRS, it is proposed to narrow down the following options:

· Opt.1: gNB semi-statically configures combination(s) of {j, qd, l}
· Opt.2: UE determines combination(s) of {j, qd, l} and reports the index, e.g., by SRI field
· Supporting at least real PHR for PUCCH is proposed.

	Motorola Mobility, Lenovo
	· For virtual PHR calculation of PUSCH, support either fixed in specification or an RRC configuration similar to configured-grant Type-1.
· Also, a new PHR triggering condition upon a successful beam failure recovery (a.k.a., link reconfiguration procedure) is proposed.


3) Issues on EN-DC
	Company
	View

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

· Current TS38.213 is describing that when a UE indicating capability of dynamic power sharing (DPS) is configured with a TDD configuration for LTE, it operates in a dual mode. However, based on the previous RAN1 agreements and RAN2 LS, a UE indicating a capability for DPS can also be configured for SUO-case 1.

· It was agreed that UE reduces NR transmission power or drops NR transmission if total power for LTE and NR in FR1 exceeds X_total. However, current TS38.213 is capturing only to reduce NR transmission power. So, dropping procedure needs to be added.

	Samsung
	· The following is addressed and corresponding Text Proposal is provided.

·  At least for NR phase 1, a UE configured for shortened TTI and processing time on the MCG is not expected to be configured with
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	LGE
	· The following are addressed for EN-DC power sharing and corresponding Text Proposal is provided.

· UE assumption with dynamic power sharing needs to be specified in TS38.213 if case 1 configured, e.g., “If the UE is capable of dynamic power sharing, the UE is not expected to be scheduled with UL transmission in MCG overlapping with UL transmissions in SCG.”
· When case 1 is configured with P_LTE + P_NR > Pcmax, for scheduling/HARQ timing, different TDD HARQ timing can be reused.

· When case 1 is configured, the UE is not expected to transmit a subframe on the MCG which is not indicated as UL subframe in the reference TDD configuration in any activated UL carrier.

· Also, the following options are proposed to deal with LTE sTTI supportability for EN-DC.

· Opt.1: LTE sTTI cannot be configured in EN-DC scenario.

· Opt.2: If sTTI is configured, even though a UE supports dynamic power sharing capability, it is assumed that semi-static power sharing based Case-1 is used.

· Opt.2-1: sTTI uplink transmissions are allowed only in UL subframes by reference DL/UL configuration.

· Opt.2-2: New timing table is introduced to allow utilizing all downlink even with sTTI.

· Opt.3: Introduce another UE capability with indicates that the UE can support dynamic power sharing in EN-DC with sTTI operation.

	CATT
	· For dynamic power sharing for EN-DC, the following inconsistency between the agreements and current draft specification is addressed, and corresponding Text Proposal is provided.
· The condition “If the UE does not indicate a capability for dynamic power sharing between EUTRAN and NR” indicates only those UEs not supporting dynamic power sharing. If SUO is configured for the UE, it applies to both UEs not supporting and supporting dynamic power sharing. So, the condition, “If the UE does not indicate a capability for dynamic power sharing between EUTRAN and NR” should be removed.

	Ericsson
	· The following issues are addressed and corresponding Text Proposal is provided:
· According to RAN1#90 agreement, when there is simultaneous transmission between LTE and NR, UE should apply power scaling behavior. In this case, relationship between i1 (subframe) and i2 (slot) may or may not have overlapping between LTE and NR transmissions. So, this part should be captured in the spec.
· According to RAN1#90 agreement, when the UE is power limited due to simultaneous LTE and NR transmission, how the UE reduces power on NR side is left to UE implementation for both CA and non-CA cases. So, one of the below options to clarify UE power reduction behavior related to LTE-NR dynamic power sharing should be discussed:

·  Opt.1: the prioritization rules in Section 7.5 are applied only for the case when UE is power limited for NR-NR CA.

· Opt.2: the prioritization rules in Section 7.5 are applied even for the case when UE is power limited for LTE-NR transmission (then explicitly capture this behavior in the spec.)


4) Issues on NR-DC
	Company
	View

	InterDigital
	· The following are proposed for NR-DC:

· Case 1 defined for NR CA is redefined for NR DC using “the difference between starting time of overlapping transmissions is at most up to a specific threshold”. Threshold is FFS.
· Case 2 as defined for NR CA is also considered for NR DC.
· NR DC supports uplink PCM(s) that maximizes sharing of the UE’s maximum output power.

· NR DC PCM(s) share the UE’s power at least as efficiently as for LTE DC PCM1 for case 1.

· NR DC supports a PCM for case 2 that efficiently shares a UE’s maximum output power
· Power allocation for NR DC supports flexible grouping of transmissions based on timing-related aspects.

· Transmission grouping supports grouping based on HARQ timeline [PUSCH/PUCCH , K1, K2]. Details FFS.
· When configured, NR power control mode assigns a fraction of the UE’s maximum output power (PCMAX) to a transmission group (TRGx). The number of supported TRGs is FFS.

· NR supports PCM1 for NR DC for case 1.

· PCM2 is used as the baseline for power allocation case 2.
· PCM2 is extended to support multiple HARQ timelines i.e. different combinations of [TTI, K1, K2].
· PCM2 is extended to support multiple (i.e., more than two) groups of transmissions
· The extended PCM2 (e.g., PCM3) supports dynamically adaptive guaranteed power levels per group of transmissions.
· Dynamic adaptation of guaranteed power level for a group of transmissions is controlled by the network. FFS whether it is based on scheduling activity, explicit signalling (e.g DCI or MAC CE), or both.
· The extended PCM2 (e.g., PCM3) is also applicable to NR CA case 2.
· For UEs that support NR CA case 2 but not NR DC, support for PCM3 is a UE capability.


3 Summary
Based on companies’ views captured in Section 2, remaining issues to be discussed are the following:

1) Issues on power scaling/dropping for NR-CA
· Refinement on the priority rule for power scaling/dropping 
· Whether or not a traffic type (URLLC/eMBB) transmitted on PUSCH/PUCCH needs to be considered, e.g.,

· PUSCH with URLLC > PUSCH without URLLC

· Short PUCCH > long PUCCH

· Whether or not the following priority rules for SRS transmission need to be considered 
· 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.

· Whether or not the following priority rules for PRACH need to be considered

· 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
· Whether or not to confirm the working assumption on UE’s behavior for Case 2 when the UE is power limited due to simultaneous transmission on multiple serving CCs/uplinks.

· Others

· 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.
2) Issues on PHR for NR-CA
· Regarding determination of the parameters {j, qd, l} for virtual PH calculation of PUSCH, the following options have been proposed:

· Opt.1: j and l are predefined and qd is the latest pathloss index associated with j and l.

· Opt.2: fix l = 1 or 2, qd and j are the most recent ones associated with l
· Opt.3: In case of more than one closed power control loops, l is a function of slot number, e.g., l = 1 for odd-numbered slots and l = 2 for even-numbered slots; otherwise, l = 1. qd and j are the most recent ones associated with l.
· Opt.4-1: UE uses {j, qd, l} of the serving cell/uplink for which a grant is received to compute the virtual PH of the serving cell/uplink for which there is no grant
· If multiple grants are received, UE uses {j, qd, l} of the serving cell with the lowest cell index for which a grant is received.
· Opt.4-2: UE uses a RRC configured {j, qd, l} setting to compute the virtual PH of the serving cell/uplink for which there is no grant.
· Separate configuration per serving cell/uplink is provided to the UE.

· For each serving cell/uplink, RRC indicates whether the UE should use Opt.4-1 or Opt.4-2 to compute the virtual PH for that serving cell/uplink
· Opt.5: PH is calculated based on the PC parameters associated with a higher layer configured SRS resource set.

· Opt.6: based on another serving cell with PUSCH transmission.

· Opt.7: a default value of SRI-P0AlphaSetIndex-Mapping for the P0 and the associated α, and num-pusch-pathlossReference-rs for the reference signal for the pathloss measurement should be configured when a SCell is configured for CA/DC. The default value is used for the non-scheduling serving cell where the power accumulation function ff,c(i, l) should be set to zero.

· Opt.8: UE determines combination(s) of {j, qd, l} and reports the index, e.g., by SRI field.
· Regarding how to calculate PH when different subcarrier spacing are used among CCs, the following options have been proposed:
· Opt.1: For coordinated scheduling based on PHR of carriers with larger subcarrier spacing, One parameter indicating the available remaining power on CC with the larger SCS for the overlapped duration can be considered for PHR
· Opt.2: PHR on an UL carrier in a slot includes PHR in the first overlapping slot(s) in the other aggregated carrier(s).

· Other

· For actual Type 3 PHR, Type 3 PH can be reported when PUSCH is configured on the same cell as the SRS.
· A new PHR triggering condition upon a successful beam failure recovery (a.k.a., link reconfiguration procedure) is supported.

· For single CC case, virtual PHR for inactive BWP is supported.
3) Issues on EN-DC
· Whether or not a UE indicating a capability for dynamic power sharing can be configured for SUO-case 1.
· For dynamic power sharing for EN-DC, whether or not the condition “If the UE does not indicate a capability for dynamic power sharing between EUTRAN and NR” should be removed (i.e., if SUO is configured for the UE, it applies to both UEs not supporting and supporting dynamic power sharing).

· Whether or not NR dropping procedure needs to be added on top of reducing NR transmission power.
· Regarding UE’s behavior when a UE is configured for shortened TTI and processing time on the MCG, the following options have been proposed:

· Opt.1: At least for NR phase 1, a UE configured for shortened TTI and processing time on the MCG is not expected to be configured with
[image: image3.wmf]DC

-

EN

Total

NR

LTE

ˆ

ˆ

ˆ

P

P

P

>

+

.

· Opt.2: LTE sTTI cannot be configured in EN-DC scenario.
· Opt.3: If sTTI is configured, even though a UE supports dynamic power sharing capability, it is assumed that semi-static power sharing based Case-1 is used.
· Opt.3-1: sTTI uplink transmissions are allowed only in UL subframes by reference DL/UL configuration.

· Opt.3-2: New timing table is introduced to allow utilizing all downlink even with sTTI.
· Opt.4: Introduce another UE capability with indicates that the UE can support dynamic power sharing in EN-DC with sTTI operation.
· Whether or not different TDD HARQ timing can be used when SUO-case 1 is configured with P_LTE + P_NR > Pcmax
· Whether the prioritization rules described in Section 7.5 are applied only for the case when UE is power limited for NR-NR CA or applied for both cases, i.e., when UE is power limited for NR-NR CA and when UE is power limited for LTE-NR transmission.
· Clarification on the UE’s power scaling behavior when there is simultaneous transmission between LTE and NR, i.e., relationship between i1 (subframe) and i2 (slot) may or may not have overlapping between LTE and NR transmission.
4) Issues on NR-DC
· Only a single company has shown the view on power control for NR-DC aspects. The following are discussed and a bunch of proposals are provided.
· The challenges related to NR-DC power control, design objectives for power sharing and design considerations for NR-DC power control modes.

4 Offline Proposals
1) Issues on power scaling/dropping for NR-CA
2) Issues on PHR for NR-CA
Offline Proposal 
For virtual PH calculation of PUSCH, the parameters {j, qd, l} are determined by a predetermined/default setting (Opt.1) and how to set the default values of {j, qd, l} is down-selected from the sub-bullets in Opt.1.
· Opt.1: a predetermined/default setting is used, e.g.,
· j and l are predefined and qd is the latest pathloss index associated with j and l.
· Fix l = 1 or 2, qd and j are the most recent ones associated with l
· In case of more than one closed power control loops, l is a function of slot number, e.g., l = 1 for odd-numbered slots and l = 2 for even-numbered slots; otherwise, l = 1. qd and j are the most recent ones associated with l.
· PH is calculated based on the PC parameters associated with a higher layer configured SRS resource set.

· A default value of SRI-P0AlphaSetIndex-Mapping for the P0 and the associated α, and num-pusch-pathlossReference-rs for the reference signal for the pathloss measurement should be configured when a SCell is configured for CA/DC. The default value is used for the non-scheduling serving cell where the power accumulation function ff,c(i, l) should be set to zero.

· Opt.2: an RRC configuration indicates a {j, qd, l} setting especially for virtual PH computation where separate configuration per serving cell/uplink is provided to UE.

· Opt.3: {j, qd, l} of the serving cell/uplink for which a grant is received (e.g., CC#1) for computing of the serving cell for which there is no grant (e.g., CC#2)
· Opt.4: combination of Opt.2 and Opt.3
· Opt.5: UE determines combination(s) of {j, qd, l} and reports the index, e.g., by SRI field.
3) Issues on EN-DC
Offline Proposal 

When DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, the following options are down-selected:

· Opt.1: LTE sTTI cannot be configured in EN-DC scenario.
· Opt.2: At least for NR phase 1, a UE configured for shortened TTI and processing time on the MCG is not expected to be configured with
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· Opt.3: If sTTI is configured, even though a UE supports dynamic power sharing capability, it is assumed that semi-static power sharing based Case-1 is used.
· Opt.3-1: sTTI uplink transmissions are allowed only in UL subframes by reference DL/UL configuration.

· Opt.3-2: New timing table is introduced to allow utilizing all downlink even with sTTI.
· Opt.4: Introduce another UE capability with indicates that the UE can support dynamic power sharing in EN-DC with sTTI operation.
4) Issues on NR-DC
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