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Introduction
Most of NR standalone power control issues were finalized in RAN1#93.   In RAN#80, the NR Rel-15 exception sheet [2] includes NR Rel-15 features of both NE-DC power control and NR DC in RAN1 for the late release targeted to complete in RAN#82 as follows,

· Option 4:
· Evaluate whether new design on power control, multiplexing, etc. for both LTE & NR specs
· Strive for minimum RAN1 specification impact
· Some (limited) RAN1 meeting time is expected
· NR-NR Dual Connectivity
· Synchronous operation
· Minimum RAN1 impact and no HW impact
· No PUCCH-SCell

This contribution discusses some remaining issues of power control and additional power control required for NR-NR dual connectivity.      

Power Control Mechanism for Synchronous NR DC 

NR supports different numerologies for different carriers when UE is configured with NR-NR dual connectivity.   Rel-15 dual connectivity feature only support synchronous operation without PUCCH-SCell.  The UL maximum power PCMAX,c configured for each component carrier of each cell group (CG) within the same PUCCH should be the same since they all have same numerology.  However, each CG might have different slot format, which the number of UL symbols within a slot could be different even all component carriers have same numerology as shown in Figure 1.  When multiple carriers in dual connectivity are independently scheduled to transmit PUSCHs, the number of symbols for PUSCH in each CG could be different.   Thus, the total Tx power could vary among symbols within a slot when multiple PUSCH are transmitted with same numerology.   


[bookmark: _Ref498633323]Figure 1: CGs with same numerology but different slot formats

For CGs with different numerologies, the slot length would be different as shown in Figure 2.  The UL total Tx power could vary when CGs with different numerologies are transmitted in the same time.  Since the Tx power control is independent configured the PCMAX,c for each CC of the CG, the total Tx power might exceed the total output power of the UE power class in the specific band.  UE has to scale down the Tx power when the total output power over the power class of the specific band.      




[bookmark: _Ref498633391]Figure 2: CG with differnt numerologies

Dynamic power sharing among CGs are the baseline assumptions with the configured maximum power PCMAX,c for each component carrier based on overbooking principle.   The maximum Tx power PCMAX,c for each component carrier of each CG can be individually configured up to the maximum power for the UE power class of the specific band  for dynamic power sharing for dual connectivity.    Each component carrier in each CG would have the Tx power controlled independently based on the configured component maximum power PCMAX,c if the sum of Tx power from both CGs is not over the total maximum power.  Due to different slot formats and numerologies between CGs as shown in Figure 1 and Figure 2, the UE output power might be contributed from Tx power of one carrier at some OFDM symbols and more than one carrier at other OFDM symbols.  The total power in some OFDM symbols might be over the maximum power of the UE power class due to the sum of Tx power from both CGs.  UE needs to scale down the Tx power of those OFDM symbols to meet the requirements and prevent the signal distortion from Tx power amplifier.      Since multiple PUSCH transmissions are independently scheduled by each gNB in dual connectivity, it is difficult for each scheduler to consider the slot format and numerology of the PUSCH transmissions scheduled by another gNB to avoid the total Tx power exceeding the maximum power of the UE power class over all symbols.   UE needs to perform power scaling when the total Tx power exceeding the maximum power.   Although only synchronous dual connectivity is supported in NR Rel-15, the power control for NR dual connectivity with different slot formats and numerologies is even more complicated than LTE asynchronous power control mode (PCM2) if all different slot formats and numerologies are taking into account.    
It was agreed in RAN1#91 that the prioritization of the physical channels for NR CA was agreed for UE to scale down/dropping the power of the physical channel with lowest priority with the scaling and dropping left to UE implementation for synchronous and asynchronous cases as follows, 
 
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.
When the aggregated power among CGs exceeds the UE total power, the prioritization rule of NR physical channels for UE power scaling/dropping for CA should apply to the NR dual connectivity for both synchronous case (fully overlapped between CGs) and asynchronous case (partial overlapped between CGs).   The exact power scaling or dropping is left to UE implementation.   
Proposal 1: When the aggregated power among CGs exceeds the UE total power, the prioritization rule of NR physical channels for UE power scaling/dropping for CA should apply to the NR dual connectivity for both synchronous case (fully overlapped between CGs) and asynchronous case (partial overlapped between CGs).   The exact power scaling or dropping is left to UE implementation.   

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 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”. 

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 2:  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 3: 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.   

Conclusion: 
In this contribution, we perform the analysis of PUSCH without SRI in multi-beam configuration with the following proposals,
· Proposal 1: When the aggregated power among CGs exceeds the UE total power, the prioritization rule of NR physical channels for UE power scaling/dropping for CA should apply to the NR dual connectivity for both synchronous case (fully overlapped between CGs) and asynchronous case (partial overlapped between CGs).   The exact power scaling or dropping is left to UE implementation.   
· Proposal 2:  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 3: 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.   
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