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Introduction

In RAN#81 meeting, the updated NR specifications after RAN1#94 meeting were endorsed. It has been agreed that RAN1 shall continue to focus on stabilizing the current Rel-15 NR specifications during the following three meetings. There are some remaining details on UL power control which need to be refined or updated in the specification. We provide our TPs on UL power control related issues in this contribution.

UL power control-nonCA
Power control of PUCCH after beam recovery
In NR-MIMO, the spatial relation of PUCCH after beam recovery has been discussed and the following two alternatives have been agreed. For both two alternatives, it is supported that the PUCCH transmission shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of PUCCH-Spatialrelationinfo, except for the cases of all PUCCH resources or only the cases of PUCCH in response to CORESET-BFR.
	Agreement

Downselect among the following two alternatives in RAN1#94bis

Alt 1: K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources

Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission

FFS: value of K

Alt 4: K symbols after successfully receiving BFR gNB response, the transmissions of PUCCH resources for HARQ ACK/NACK feedback of a corresponding DL PDSCH scheduled from SearchSpace-BFR shall use the same spatial filter as the PRACH transmission until the UE receives a MAC-CE activation or reconfiguration of PUCCH-Spatialrelationinfo of at least one of configured PUCCH resources

FFS: value of K

Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission


Once all or the portion of PUCCH resources should follow the spatial relation of PRACH for BFR, we should provide the corresponding UL power control solution. Taking into account that, in beam recovery procedure UE is still in RRC CONNECT mode, all higher layer parameters are still available but UL PC parameters for PUCCH transmission is not correct, e.g., P0, DL RS for PL and closed-loop process. Referring to the UL power control for PUCCH after initial access procedure, we have one straightforward solution as follows:

For the transmissions of PUCCH resources used for the same spatial filter as the PRACH transmission after gNB response for beam recovery, the following is supported

P0 is given by the values corresponding p0setindex =0 of p0-pucch-set (i.e., q_u=0)
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 is calculated according to one DL RS associated with the PRACH transmission. 
Closed loop index l=0
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 is the TPC command value indicated in the DCI format 1_0 or DCI format 1_1 which the first PUCCH transmission after gNB response is in response to, and 
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Observation-1: Once it is decided in NR-MIMO on whether all or only a portion of PUCCH transmissions should follow the spatial relation of PRACH for BFR after gNB response, UL power control for PUCCH transmissions should be designed accordingly.

TPC command issues
For transmission 
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, the TPC command(s) has been accumulated tentatively in 38.213[4], but, if the power of transmission 
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, the accumulation would not be employed, then
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. But whether UE has reached minimum or maximum power should be determined according to transmission occasion i rather than 
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. Therefore we have the following TP for PUSCH, PUCCH, and SRS according to the previous conclusion.

	Conclusion:

If the UE has reached 
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TP-1: Adopt the following modification for PUSCH power control in {38.213: 7.1.1
UE behaviour}.
	
If the UE has reached maximum power 
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 of serving cell 
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 at PUSCH transmission occasion 
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If UE has reached minimum power, 
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 of serving cell 
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 at PUSCH transmission occasion 
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TP-2: Adopt the following modification for PUCCH power control in {38.213: 7.2.1
UE behaviour}.
	-
If the UE has reached maximum power 
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 of carrier 
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 of primary cell 
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 at PUCCH transmission occasion 
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If UE has reached minimum power, 
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 at PUCCH transmission occasion 
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TP-3: Adopt the following modification for SRS power control in {38.213: 7.3.1
UE behaviour}.
	-
If the UE has reached 
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 of carrier 
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 of serving cell 
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 at SRS transmission occasion 
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If UE has reached minimum power for active UL BWP 
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 of carrier 
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 of serving cell at SRS transmission occasion 
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Redundant RRC parameter for sp-PUSCH

In TS 38.331, there is one redundant RRC parameters as highlighted in the following for sp-PUSCH for CSI, which is NOT used in the current UL power control framework. Therefore, we need one conclusion for clarifying un-necessity of this parameter for the perspective of RAN1, and sent one LS to RAN2 accordingly.
	CSI-ReportConfig ::=



SEQUENCE {


reportConfigId






CSI-ReportConfigId,


carrier







ServCellIndex




OPTIONAL,
-- Need S


resourcesForChannelMeasurement


CSI-ResourceConfigId,


csi-IM-ResourcesForInterference


CSI-ResourceConfigId

OPTIONAL,
-- Need R


nzp-CSI-RS-ResourcesForInterference

CSI-ResourceConfigId

OPTIONAL, 
-- Need R


reportConfigType





CHOICE {



periodic







SEQUENCE {




reportSlotConfig





CSI-ReportPeriodicityAndOffset,




pucch-CSI-ResourceList




SEQUENCE (SIZE (1..maxNrofBWPs)) OF PUCCH-CSI-Resource



},



semiPersistentOnPUCCH




SEQUENCE {




reportSlotConfig





CSI-ReportPeriodicityAndOffset,




pucch-CSI-ResourceList




SEQUENCE (SIZE (1..maxNrofBWPs)) OF PUCCH-CSI-Resource



},



semiPersistentOnPUSCH




SEQUENCE {




reportSlotConfig





ENUMERATED {sl5, sl10, sl20, sl40, sl80, sl160, sl320},




reportSlotOffsetList



SEQUENCE (SIZE (1.. maxNrofUL-Allocations)) OF INTEGER(0..32),




p0alpha








P0-PUSCH-AlphaSetId


},



aperiodic







SEQUENCE {




reportSlotOffsetList



SEQUENCE (SIZE (1..maxNrofUL-Allocations)) OF INTEGER(0..32)



}


},

…

}


Proposal-1: RRC parameter p0alpha in CSI-ReportConfig is NOT necessary for RAN1 perspective.

As part of LS sent to RAN2.
UL power control-CA

P0_Nominal for virtual PHR calculation 

In RAN1 #92b meeting, the agreement about power control parameters for virtual PHR was reached as follows.

	Agreement
Default parameter setting for virtual PHR

How to set {j, qd, l}

For j, P0alphasetindex = 0 of p0-pusch-alpha-setconfig
For qd, pusch-pathlossreference-index = 0 of pusch-pathloss-Reference-rs
For l, l =0

Note: If the UE is configured with multiple UL BWPs, j, qd, l corresponding to lowest BWP ID are used


For j, P0alphasetindex = 0 of p0-pusch-alpha-setconfig only specifies the UE specific P0, while there is no agreement for cell specific P0. This issue was discussed in RAN1#94 meeting but had no final conclusion. And it was agreed to continue to discuss this issue in RAN1#94b meeting.
A reasonable way is, if the {P0, alpha} with index of 0 is used for grant-free transmission, the cell-specific P0 for grant-free transmission should be used, otherwise cell-specific P0 for grant-based should be used. 

Proposal-2: 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.
PL RS determination for cross carrier scheduling

In NR, power control parameters are configured per BWP. In order to reduce overhead, RS for PL measurement could be shared among BWPs and CCs. How to indicate cross carrier scheduling info was discussed in RAN1 #93 meeting and a working assumption was made for PUCCH as follows.

	Working Assumption
Cross-carrier indication for power control parameters
For PUCCH, if higher layer parameters “cell” and “bwp-Id” are included in the PUCCH-SpatialRelationInfo configuration:

The reference signal corresponding to pathloss index ‘q_d’ included in PUCCH-SpatialRelationInfo is from the serving cell and active BWP indicated by the higher layer parameters “cell” and “bwp-Id”. 

Note: No RRC specification impact.


The scheme for PUSCH and SRS is TBD. This issue was discussed in RAN1#94 meeting but had no final conclusion. And it was agreed to continue to discuss this issue in RAN1#94b meeting.
Generally, there are the following 3 options to indicate cross carrier scheduling info for RS for PL measurement.

Opt1, add a new parameter of reference CC index to power control parameters configuration

Opt2, reuse pathlossReferenceLinking in ServingCellConfig 
Opt3, reuse “cell” and “bwp-Id” for SpatialRelationInfo in SRS and PUCCH
Opt1 requires to add one new RRC parameter which may not be recommended in the current stage. Opt2 is a simple way to solve the problem, but it has not much flexibility. Opt 3 can be applied for PUCCH in FR2, since only one SpatialRelationInfo can be determined, but not useful for SRS and PUSCH. 
For SRS, power control parameters are configured per SRS resource set. SRS resource set is configured a one of the following usages: beam management (BM), antenna switching (AS), codebook based (CB), non-codebook based (NCB). SRS resource for BM and AS may not be configured with spatial relation, so Opt3 cannot be used. SRS resource set for CB and NCB may have more than one SRS resource, which one is used to obtain the CC index for PL is a problem. So opt3 is not a good choice for SRS. 

For PUSCH, SRI is indicated in DCI and SRI refers to one or more SRS resources. SRS resource may or may not be configured with cell index, and non-codebook based PUSCH may be indicated more than one SRS resource, which makes opt3 is not proper for PUSCH.

Therefore, although opt2 has not much flexibility, it could be used for PUSCH and SRS for PL RS determining for cross carrier scheduling. In practice, PL RS determining for cross carrier scheduling may not need much flexibility generally.

Besides, taking into account that spatial relation info is only applicable for FR2 (i.e. it is not applicable to FR1), it means that the current WA does not cover FR1 case. If we go with Opt2 for PUCCH as SRS and PUSCH, we can achieve cross-carrier PL RS indication for both FR1 and FR2 cases, using one unified framework. 

Proposal-3: Reuse pathlossReferenceLinking in ServingCellConfig for PUSCH and SRS for PL RS determination for cross carrier scheduling. 
Proposal-4: 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.
DL BWP determination for PL RS

Regarding the BWP used for CSI-RS and SSB for PL, PL is measured using reference signal for the active DL BWP according to current spec. So, it is recommend that the BWP ID associated with the CSI-RS resources for PL is determined according to the active DL BWP currently, and SSB resources only can be used if the SSB resources is contained in the active BWP.  

In NR framework, CSI-RS resources for PL does not need to be associated with any one CSI-RS resource setting, i.e., without configured BWP ID, and the CSI-RS resources should be assumed to have the same BWP ID as the active DL-BWP. 

A CSI-RS resource is configured per CC but only the portion of the CSI-RS in the BWP with the associated BWP-ID is used for measurement.

Proposal-5: Only CSI-RS and SSB resources, if any, in the active DL BWP can be used for PL measurement 

DL-BWP ID for a CSI-RS resource for PL is assumed with the same BWP ID as the active DL-BWP.
Conclusions
In this contribution, we analyzed the remaining issues on NR power control. Also proposals and observation are summarized as follows.

Observation-1: Once it is decided in NR-MIMO on whether all or only a portion of PUCCH transmissions should follow the spatial relation of PRACH for BFR after gNB response, UL power control for PUCCH transmissions should be designed accordingly.

Proposal-1: RRC parameter p0alpha in CSI-ReportConfig is NOT necessary for RAN1 perspective.

As part of LS sent to RAN2.
Proposal-2: 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.
Proposal-3: Reuse pathlossReferenceLinking in ServingCellConfig for PUSCH and SRS for PL RS determination for cross carrier scheduling. 
Proposal-4: 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.
Proposal-5: Only CSI-RS and SSB resources, if any, in the active DL BWP can be used for PL measurement 

DL-BWP ID for a CSI-RS resource for PL is assumed with the same BWP ID as the active DL-BWP.
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