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Introduction
In RAN1 NR AH#3, configuration of some open-loop power control parameters in multi-beam configuration were agreed as follows,

Agreement:
For PL estimation, NR supports
1. At least higher layer filtered RSRP is supported for PL estimation based on configured CSI-RS and/or SS block
0. Note: Above includes the support for at least beam-specific RSRP measurement
0. FFS: Whether L1 RSRP is additionally supported
0. Note: Companies are encouraged to study the benefits of additionally using L1 RSRP for PL estimation
0. FFS: Details on the L3 filter in NR specification (including whether to define or not) should be discussed in the mobility session

Agreement:


· Support at least  Pcmax,c(i), MPUSCH,c(i), P0,c(j), αc(j), PLc(k), ΔTF,c(i) for NR PUSCH power control for serving cell c
· i is slot number
· j  is the index of open-loop parameter
· K is the index of RS resource(s) for pathloss measurement
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz
· MPUSCH,c is related to the scheduled BW, FFS on the details
· ΔTF,c is for single layer transmissions
· Support up to N closed-loop power control processes, i.e.,  fc(i,l), for NR PUSCH power control for serving cell c 
· N=2 is working assumption
· l is the index of closed-loop power control process
· FFS: reset trigger, e.g., parameter set reconfiguration and/or explicit signaling
· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling
· Note: Exact way to capture the details of the above proposal depends on the uplink beam management and the editor

Agreement:
· For PRACH/PUSCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the range of the following values shall be sufficiently large to compensate the pathloss difference between the SUL carrier and the NR DL/UL carrier
· Received target power for PRACH power control,
· Po for PUCCH(if supported on SUL) power control, PUSCH power control, and SRS power control
· FFS maximum pathloss difference to be compensated


Agreement:
· For NR-PUSCH
· Accumulative TPC command mode is supported.
· FFS: when UE has to reset fc(i)
· FFS on KPUSCH
Working Assumption:
· For NR-PUSCH
· Absolute TPC command mode is supported.
· FFS on KPUSCH


This contribution discusses the general framework of UL power control for dynamic beam switching in multi-beam configuration and RACH power control.   

Considerations of NR PUSCH Power Control 
 PUSCH power control formula was agreed in RAN1 NR AH#3 as follows,


· Support at least  Pcmax,c(i), MPUSCH,c(i), P0,c(j), αc(j), PLc(k), ΔTF,c(i) for NR PUSCH power control for serving cell c
· i is slot number
· j  is the index of open-loop parameter
· K is the index of RS resource(s) for pathloss measurement
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz
· MPUSCH,c is related to the scheduled BW, FFS on the details
· ΔTF,c is for single layer transmissions
· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling
· Note: Exact way to capture the details of the above proposal depends on the uplink beam management and the editor
	     
The transmit power is set to achieve the desired power (PO_PUSCH) set by the target SINR with fractional compensation of path loss (α).   The analysis of detail parameters in the PUSCH power control formula is as follows,   
· 
is the bandwidth of the PUSCH resource assignment in terms of number of PRBs scheduled for the slot i based on default subcarrier spacing of serving cell c.   The PUSCH transmit power is in proportion to the number of PRBs in log domain.   

· 

If the subcarrier spacing of serving cell c2 is different to that of serving cell c1, the bandwidth of each PRB needs to be adjusted according.    is the numerology adjustment factor when the configured numerology of UL PUSCH transmission in slot i  is different to the default numerology.  needs to take into account different subcarrier spacing of different serving cell c comparing to the default subcarrier.  





Proposal 1:  is the bandwidth of the PUSCH resource assignment in terms of number of PRBs scheduled for the slot i based on default subcarrier spacing of serving cell c.  needs to take into account different subcarrier spacing adjustment factor  of different serving cell c comparing to the default subcarrier



· 


The target power consists of a cell specific nominal component and provided from higher layers and a UE specific component  provided by higher layers for j=0 and 1. 
· 
For cell specific nominal component  configured by higher layer, 
· 
j=0,  is the power setting based on the SINR target associated with a semi-persistent grant, 
· 
 j=1,  is the power setting based on the SINR target associated with  PUSCH (re)transmissions corresponding to a dynamic scheduled 
· 
j=2,  is the power setting based on the SINR target associated with for PUSCH (re)transmissions corresponding to the random access response grant then j=2
· 
j=3,  is the power setting based on the SINR target associated with grant free multiple access (GRMA)
· 
j=4,  is the power setting based on the SINR target associated with non-orthogonal multiple access (NOMA)
· 
For UE specific component configured by higher layer,
· 
j=0, is the power setting based on the SINR target associated with QCI index based on eMBB service reliability requirements
· 
j=1, is the power setting based on the SINR target associated with QCI index based on URLLC service reliability requirements
· 
is the scaling factor of fractional power control configured by higher layer
· 
 is the path loss function.  The index k is the k-th RS, such as SS block or CSI-RS, used for pathloss measurements in multi-beam configuration.  

· 
  is a UE-specific parameters for different type of traffic, such as UCI on PUSCH,  provided by higher layers
· 
is the power correction by close-loop power control.
· 
  if accumulation is enable.  
· 


if accumulation is not enabled.    is a UE specific correction value through close-loop power control indicated by DCI.   is the offset with respect to the DL slot where the UL grant was received.  
In RAN1 NR AH#3, it was agreed to support accumulated TPC command mode.   A working assumption was made to support absolute TPC command mode.  For OFDM-access NR system, UL interference are from UL transmissions of neighboring UEs.  The inter-cell interference is very robust.   The accumulated TPC command mode would help UE to adjust the target power in steps with slower pace.   However, it would not accommodate for bursty interference from neighboring cell.   The absolute TPC command mode is designed to adjust the transmit power when the bursty interference arrives.   It is very useful to support absolute TPC command mode.  

Proposal 2:  Support of absolute TPC command mode for NR PUSCH should be confirmed.  
Close-Loop Power Control for PUSCH 
It was agreed in RAN1 NR AH#3 that N closed-loop power control processes, i.e.,  fc(i,l),  were supported for NR PUSCH power control for serving cell c.  The working assumption is N=2 with l being the index of closed-loop power control process in fc(i,l).   The reset trigger, e.g., parameter set reconfiguration and/or explicit signaling, is FFS.  

Close-loop power control compensates inadequate power setting from open-loop power control caused by different fading environments and interference from neighboring UEs .   The SINR target is set to achieve target BLER in the open loop power control.  The SINR target is set based on long-term average of received signal and variance of noise and interference.  The short-term slow fading and shadow fading would cause the variation of the SINR of received signals.  The FIR filter of received signals would average out the short-term fading effects.  However, the variation of the interference might not be controllable to be steady.  Thus, close-loop power control is designed to control the SINR of the received signals to meet the desired BLER target.  Different physical channels, service type or multiple access schemes had been proposed to have different nominal P0(i) component in the open-loop power control formula for different SINR target (or QoS requirements).  The target BLER requirements might be different for different services, such as eMBB and URLLC.   Two close-loop power control processes might be needed to track the target SINR for different BLER performance.    
Proposal 3:  The working assumption of 2 closed-loop power control processes for NR-PUSCH should be confirmed for up to two service types with different BLER requirements, such as eMBB and URLLC.  

Power Control Formula for PUCCH, SRS, PRACH

Detail analysis of power control for PUCCH, SRS, and PRACH had been shown in [7].   The power control formula and the associated parameters are listed in the following sub-sections.  
PUCCH Power Control Formula

NR PUCCH power control formula is summarized in the following,

	     
The transmit power is set to achieve the target SINR (PO_PUSCH) with fractional compensation of path loss (α).  
· 

 is the  MPR incorporated in the  calculation of operating waveforms , such as  CP-OFDM and DFT-S-OFDM waveforms, of serving cell c at slot i.  
· 
 is the numerology adjustment factor when the configured numerology of UL PUSCH transmission in slot i  is different to the default numerology.


· 
 is the path loss function.  The index k is the k-th RS, such as SS block or CSI-RS, used for pathloss measurements in multi-beam configuration.  

· 
  is a PUCCH format dependent value.  
· 

 where  is the current PUCCH power control adjustment 
· 
 is a UE specific close-loop power control correction value, which is also referred to as a TPC command included in a PDCCH. 
· M is the number of power control commands accumulated between previous and current UL transmission part within a slot
· 
is the offset with respect to the slot where the UL grant was received.
· 
The initial value of  is set from RACH procedure from Preamble power ramp-up and power correction in RACH Msg 2.  


SRS Power Control Formula

 NR SRS power control formula is summarized in the following,

	     
The transmit power is set to achieve the desired power (PO_PUSCH) set by the target SINR with fractional compensation of path loss (α).  
· 

 is the  MPR incorporated in the  calculation of operating waveforms , such as  CP-OFDM and DFT-S-OFDM waveforms, of serving cell c at slot i.  
· 
 is the bandwidth of the SRS transmission expressed in number of resource blocks.
· 
 is the numerology adjustment factor when the configured numerology of UL PUSCH transmission in slot i  is different to the default numerology.


· 
is the scaling factor of fractional power control configured by higher layer
· 
 is the path loss function.  The index k is the k-th RS, such as SS block or CSI-RS, used for pathloss measurements in multi-beam configuration.  

· 




is the power correction by close-loop power control.  if accumulation is enable and if accumulation is not enabled.    is a UE specific correction value through close-loop power control indicated by DCI.    is the offset with respect to the DL slot where the UL grant was received.

RACH Preamble Power Control


  A target preamble received power with corresponding PRACH resource and RACH ID (e.g., RA-RNTI in LTE) are included in the RACH preamble resource set (preamble sequence set).  The target preamble received power is the target SINR for gNB successful RACH preamble detection.  If multiple PRACH resources in time were allocated and selected for UE transmission beamforming, the power setting of each RACH preamble should be compensated for the pathloss of the respective beam with same SINR target.   The power control of RACH preamble compensates the path loss fully for effective RACH preamble detection at the gNB.   The RACH preamble power is set 




where 
· 
 is the configured maximum UE transmitted power 
· 

is the target preamble received power for a given numerology.  The target preamble received power is provided by higher layer along with the preamble sequence set for j=0 and 1.  
· 
For j=0,  is the target preamble power in normal coverage
· 
For j=1,  is the target preamble power in extended coverage with configured number of repetitive transmissions of RACH preamble sequence. 

· 
 is the delta power offset of different preamble format for j=0 and 1.
· 
For j=0,  is the delta power offset in associated with long preamble format
· 
For j=1,  is the delta power offset in associated with short preamble format

· PL is the downlink pathloss estimate calculated in the UE.

Conclusion
In this contribution, we discuss NR power control based on fractional power control with additional considerations of mixed numerologies, services with different reliability requirements, different multiple access schemes, CP-OFDM and DFT-S-OFDM waveforms, and link adaptation/joint reception in multi-beam configuration.  Based on the discussion, we have the following proposals:
· 


Proposal 1:  is the bandwidth of the PUSCH resource assignment in terms of number of PRBs scheduled for the slot i based on default subcarrier spacing of serving cell c.  needs to take into account different subcarrier spacing adjustment factor  of different serving cell c comparing to the default subcarrier
· Proposal 2:  Support of absolute TPC command mode for NR PUSCH should be confirmed.  
· Proposal 3:  The working assumption of 2 closed-loop power control processes for NR-PUSCH should be confirmed for up to two service types with different BLER requirements, such as eMBB and URLLC.  
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