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Introduction
Most of NR  power control issues,  including the power control for NR-NR DC for Rel-15 late drop,  were finalized in RAN1#94.   Some remaining power control issues to be resolved at RAN1#94bis had been discussed in RAN1#94 with the list in the following,
· Issue#1: Cross-carrier indication for power control parameters for PUCCH, SRS and PUSCH
· Issue#2: UE behavior for PHR on SUL/non-SUL, e.g.,
· For UEs capable of simultaneous transmission of PUSCH at SUL/non-SUL and transmission of SRS at the other UL carrier, if PHR is triggered, which type of PHR to report
· Issue#3: How to set P0_NOMINAL_PUSCH,f,c(j) for virtual PHR
· 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.
· Issue#4: Linkage between DL BWP and UL BWP for paired spectrum, e.g.,
· PL is measured using reference signal for DL BWP which has the same BWP ID as UL BWP or PL is measured using reference signal for the active DL BWP. 


This contribution discusses the identified remaining issues of power control.      

Linkage of Power Control Parameters (j,k,l) for PUSCH When SRI Is Not Present
 
In RAN1 NR AH #1801, the linkage of power control parameters (j,k,l) with the presence of SRI was agreed based on higher layer configured parameters SRI-PUSCHPowerControl-Mapping.   The semi-static configured parameter SRI-PUSCHPowerControl-Mapping IE contains 3 information elements: they are SRI-PathlossReferenceIndex-Mapping (k), SRI-P0AlphaSetIndex-Mapping (j), and SRI-PUSCHClosedLoopIndex (l).  The parameters of UE transmit beamforming, the associated receive beamforming at the gNB with respected to the DL beam, and the close-loop power control used for the link adaptations are all included in the configuration of each SRI entry.   
In RAN1#92, the following working assumptions were made for single configuration of DL RS, P0/alpha, and closed-loop when the SRI field is not present in the DCI,  
Working Assumption
For the case of PUSCH with grant for DCI 0_0 and DCI 0_1 with no SRI field in uplink grant, at least the following is supported
· DL RS for PL estimation is given by, the RS corresponding to pusch-pathlossreference-index=0  of pusch-pathloss-Reference-rs (i.e., q_d =0), if only one DL RS for path loss is configured
· P0 and alpha are given by, the values corresponding p0alphasetindex =0 of p0-pusch-alpha-setconfig (i.e., j=2), if only one entry of p0-pusch-alpha-setconfig is configured for PUSCH transmission with grant;
· Closed loop index l=0
Note that depending on the further agreement on the MIMO session, additional mapping rules for {j, q_d, l} for the PUSCH with grant and no SRI field in uplink grant can be considered.

The linkage of the PUSCH power control parameters (j,k,l) in multi-beam configuration needs to be identified when UE is capable of established DL/UL beam correspondent and SRI is not present.   The index j is associated with the UE-specific component of SINR target power P0 and the fractional pathloss compensation factor α.  The UE-specific SINR target component P0 would be specified for each service type, such as grant based transmission, SPS transmission or RACH Msg3.  For each service type, P0 and the associated α are semi-statically configured by RRC.  Different services would be transmitted at different slot.  It implies that P0 and the associated α would be determined by the type service, such as grant base, SPS, or RACH Msg3, transmitted on PUSCH at a given slot when SRI is not present.  For grant base PUSCH transmission, more than one P0 and the associated α could be configured for the UE.  The lowest index of P0 and the associated α should be set as the default P0 and the associated α for grant base PUSCH transmission when SRI is not present.   
Proposal 1:  When SRI is not present, P0 and the associated α is determined by the type service, such as grant base, SPS, or RACH Msg3, transmitted on PUSCH at a given slot. The lowest index of P0 and the associated α should be set as the default P0 and the associated α for grant base PUSCH transmission when SRI is not present and multiple P0 and the associated α values are configured.  
In multi-beam configuration, multiple DL reference signals are semi-statically configured by RRC as the reference for path loss measurements.  If UE can achieve DL/UL beam correspondence without SRI, UE would transmit the best UL beam for the associated DL beam.  The associated DL beam is the beam with the CORESET, where UE receives the UL grant.  The beam management RS of the associated DL beam, which is either CSI-RS or SS block, could be used as the reference signals for the path loss estimation of PUSCH power control.  If SRI is not present, UE should use the beam management RS of the associated DL beam, where UE decodes the UL grant for the scheduled PUSCH transmission, as the reference signal for the pathloss estimation. 
Up to 2 closed-loop power controls was agreed in RAN1#90bis with the following aspects
· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 
· PUSCH beam indication (if present) for grant-based PUSCH
· slot sets (if supported)
· grant-free PUSCH and grant based PUSCH 
· FFS: logical channel(s) carried by PUSCH
· Working assumption: for two uplinks of SUL band combination

If UE is configured with two closed-power control loops without SRI configuration, UE needs to know the exact power setting of PUSCH transmission when UE receives the TPC comment from the PDCCH.   When UE can achieve the DL/UL beam correspondence without explicit indication from SRS resource indication (SRI), UE should set the associated DL beam as the beam that UE receives the UL grant and TPC command.  The beam management RS of the associated DL beam is used for the reference signals for the path loss estimation as discussed aforementioned.  If two power control loops are configured for the UE without SRI, each DL beam management RS, such as CSI-RS or SS block, should link to one of two closed-loop power control loops by RRC.  
Proposal 2: If SRI is not present, UE should use the beam management RS of the associated DL beam, where UE decodes the UL grant for the scheduled PUSCH transmission, as the reference signal for the pathloss estimation. If two power control loops are configured for the UE without SRI, power control loop 0 should be used as the default if no linkage between DL RS and closed-loop power control loop.  
Linkage of Power Control Parameters (j,k,l) for PUCCH When PUCCH-Spatial-relation-info Is Not Present

In RAN1#92, the default references were agreed  with single configuration of DL RS, P0/alpha, and closed-loop when the field PUCCH-Spatial-relation-info is not present  as follows,  
Agreement
For the case of PUCCH without PUCCH-Spatial-relation-info, at least the following is supported
· DL RS for PL estimation is given by, the RS corresponding to pucch-pathlossreference-index=0  of pucch-pathloss-Reference-rs (i.e., q_d =0), where only one DL RS for path loss is configured
· P0 is given by, the values corresponding p0setindex =0 of p0-pucch-set (i.e., q_u=0), where only one entry of p0-pucch-set is configured;
· FFS: Closed loop index l=0

In multi-beam configuration, multiple DL reference signals are semi-statically configured by RRC for L1 pathloss estimation and DL beam managements.  If UE can achieve DL/UL beam correspondence without PUCCH-Spatial-relation-info, UE would transmit the best UL beam for the associated DL beam.  The associated DL beam is the beam where PDSCH is transmitted.  If TCI (Transmission Configuration Indication) field is present in the DCI, the associated DL beam is the beam indicated by the TCI for the PDSCH transmission.  UE would use the DL beam management RS, which is either CSI-RS or SS block, of the associated DL beam as the reference signals for pathloss measurement of PUCCH power control.  If the TCI is not present in the DCI, the PDSCH transmission would be on the beam where UE receives the DL assignment for the PDSCH transmission.  The associated DL beam would be the DL beam where the CORESET is configured with target DL assignment included in the DCI.  The DL beam management RS of the associated DL beam could be used as the reference signals for the path loss estimation of PUCCH power control.  
Proposal 3:  If PUCCH-Spatial-relation-info is not present in the MAC header, the beam management RS of the associated DL beam is used as the reference signal for the path loss measurements in multi-beam configuration.  The associated DL beam is the DL beam that PDSCH is transmitted.  When TCI is present in the DCI, the associated DL beam is the beam indicated by the TCI.   If TCI is not present in the DCI, the associated DL beam would be the DL beam where the CORESET is configured with target DL assignment included in the DCI.   
If UE is configured with two closed-power control loops without SRI configuration, UE needs to know the exact power setting of PUCCH transmission when UE receives the TPC comment from the PDCCH.   When UE can achieve the DL/UL beam correspondence without explicit indication from PUCCH-Spatial-relation-info, UE should set the associated DL beam where PDSCH is transmitted indicated by the TCI field in the DCI.  If TCI is not present in the DCI, the associated DL beam as the beam that UE receives the DL assignment and TPC command.  The beam management RS of the associated DL beam is used for the reference signals for the path loss estimation as discussed aforementioned.  If two power control loops are configured for the UE without explicit PUCCH-Spatial-relation-info from MAC IE, each DL beam management RS, such as CSI-RS or SS block, should link to one of two closed-loop power control loops by RRC.  If no linkage, the default closed-loop l= 0 should be used.   Similar, each DL beam management RS should have one associated P0 configured for PUCCH power control.   
Proposal 4: If two power control loops are configured for the UE without explicit PUCCH-Spatial-relation-info from MAC IE, each DL beam management RS, such as CSI-RS or SS block, should have one associated P0 configured for PUCCH power control and l=0 is used as the default closed-loop power control loop.     

Power Control for Cross-Beam Indication

Cross- carrier beam indication for PUCCH and SRS was agreed in RAN1#92bis as follows, 
Agreement:
· Support uplink cross-carrier beam indication for PUCCH and SRS 
· Add Cell index and BWP information in SpatialRelation configuration

As LS [3] was sent to RAN2  and requested RAN2 to add the following information elements in  RRC parameters PUCCH-SpatialRelationInfo and spatialRelationInfo. 

	RRC parameter
	Value range
	Description

	cell
	(0..maxNrofServingCells-1)
	ServCellIndex

	bwp-Id
	(0..maxNrofBWPs)
	BWP-Id



[bookmark: _GoBack]The cross-carrier beam indication included in SpatialRelation is to indicate the UL beam of PUCCH or SRS of another cell or BWP by MAC CE on PDSCH.  The cross-carrier beam indication for PUCCH is essential since the HARA-ACK feedback for the PDSCH of one cell/BWP is carried by PUCCH, which could be the same or different cell/BWP.  Thus, the UL power control parameters, such as P0 and pathloss reference, are determined based on the index of the SpatialRelation for a given cell/BWP in the MAC.  The cross-carrier indication for SRS is needed since the MAC CE is used for activating semi-persistent SRS of another cell/BWP.  The P0, α, and pathloss parameters for SRS power control would be indicated by the index of SpatialRelation in the MAC CE when semi-persistent SRS of another cell/BWP is activated.   In RAN1#93, the working assumption was made for the PUCCH power control parameters cross-indicated by the index of PUCCH-SpatialRelationInfo of PDSCH MAC CE of another cell/BWP when “cell” and “bwp-id” are included in the PUCCH-SpatialRelationInfo 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”. 

In RAN1#94, the pathloss reference of cross-carrier indication for UL power control was discussed.   Most companies agreed to confirm the aforementioned working assumption made in RAN1#93 expect the company with proposal shown in [4].   The proposal in [4] is use the semi-static RRC parameter  pathlossReferenceLinking in ServingCellConfig for the pathloss reference of PUSCH, PUCCH, and SRS.   The RRC parameter pathlossReferenceLinking is used for indication of pathloss when cross-carrier scheduling is configured.   The RRC configured pathlossReferenceLinking is a semi-static parameter which could not be used as the PL reference for dynamic pairing of DL and UL beams due to the change of spatial correlation in time.   The PUCCH-SpatialRelationInfo at the MAC header could be configured with different DL PL reference for each UL beam to achieve dynamic pairing of DL and UL beams. Thus, the working assumption of the cross-carrier indication for PUCCH power control parameters made in RAN1#93 should be confirmed and further apply to cross-carrier indication for semi-persistent SRS power control.   

The cross-carrier indication for PUSCH power control parameters could not be indicated by the SpatialRelation since the PUSCH scheduled transmission and the PDSCH transmission are not directly associated.   The beam indication and power control parameters for PUSCH is directed by the index of SRI-PUSCH-PowerControl.   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.   

Proposal 5:  The working assumption of the cross-carrier indication for PUCCH power control parameters made in RAN1#93 should be confirmed and further apply to cross-carrier indication for semi-persistent SRS power control parameters.   
Proposal 6: The cross-carrier indication for PUSCH power control parameters could be achieved by CIF and the index of the configured SRI-PUSCH-Power Control in the DCI.   
Nominal P0 Setting for Virtual PHR
Type 1 PHR is used for report the remaining power of the UE when the power controlled PUSCH is transmitted.  The virtual Type 1PHR would be reported if no PUSCH has been transmitted in the specific celll.   If UE is configured with both grant-based and grant-free PUSCH transmission in one cell, the triggering of the PHR report is from the other cell.  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.

Proposal 7: 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.

PHR Report for UL/SUL
MAC layer protocol supports one PHR report per cell.  If UE is configured with both UL and SUL, UE will report one PHR value since only one PUSCH transmission at a time either on UL or SUL.   However, UE is allowed to transmit PUSCH at one carrier and SRS at the carrier in the same slot.   When PHR is triggered, UE can only report one PHR values either the measurement from PUSCH on one carrier or SRS on the other carrier if both PUSCH and SRS are transmitted in the same slot.   Although this is a corner case,  PHR from PUSCH would be more useful for the gNB to estimate the UE coverage and supported data rate.   Thus, 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.  

Proposal 8:  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

Pathloss Reference for BWP Pairing
The PL reference for UL power control would remain unchanged for different BWPs of the same cell since the propagation loss should be same for different subband of the same carrier frequency.  Each BWP has its BWP ID.  For paired spectrum, the same BWP ID would be associated with one DL BWP and one UL BWP.  When DL BWP switches to another BWP with different BWP ID, UE could use either new or old DL BWP for the reference of the PL measurement for UL power control of the UL BWP sine the propagation loss property with the cell is the same.  

Proposal 9:  When DL BWP switches to another BWP with different BWP ID, UE could use either new or old DL BWP for the reference of the PL measurement for UL power control of the UL BWP sine the propagation loss property with the cell is the same.  

Conclusion: 
In this contribution, we perform the analysis of PUSCH without SRI in multi-beam configuration with the following proposals,
· Proposal 1:  When SRI is not present, P0 and the associated α is determined by the type service, such as grant base, SPS, or RACH Msg3, transmitted on PUSCH at a given slot. The lowest index of P0 and the associated α should be set as the default P0 and the associated α for grant base PUSCH transmission when SRI is not present and multiple P0 and the associated α values are configured.  
· Proposal 2: If SRI is not present, UE should use the beam management RS of the associated DL beam, where UE decodes the UL grant for the scheduled PUSCH transmission, as the reference signal for the pathloss estimation. If two power control loops are configured for the UE without SRI, power control loop 0 should be used as the default if no linkage between DL RS and closed-loop power control loop.  
· Proposal 3:  If PUCCH-Spatial-relation-info is not present in the MAC header, the beam management RS of the associated DL beam is used as the reference signal for the path loss measurements in multi-beam configuration.  The associated DL beam is the DL beam that PDSCH is transmitted.  When TCI is present in the DCI, the associated DL beam is the beam indicated by the TCI.   If TCI is not present in the DCI, the associated DL beam would be the DL beam where the CORESET is configured with target DL assignment included in the DCI.   
· Proposal 4: If two power control loops are configured for the UE without explicit PUCCH-Spatial-relation-info from MAC IE, each DL beam management RS, such as CSI-RS or SS block, should have one associated P0 configured for PUCCH power control and l=0 is used as the default closed-loop power control loop.     
· Proposal 5:  The working assumption of the cross-carrier indication for PUCCH power control parameters made in RAN1#93 should be confirmed and further apply to cross-carrier indication for semi-persistent SRS power control parameters.   
· Proposal 6: The cross-carrier indication for PUSCH power control parameters could be achieved by CIF and the index of the configured SRI-PUSCH-Power Control in the DCI.   
· Proposal 7: 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.
· Proposal 8:  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
· Proposal 9:  When DL BWP switches to another BWP with different BWP ID, UE could use either new or old DL BWP for the reference of the PL measurement for UL power control of the UL BWP sine the propagation loss property with the cell is the same.  
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