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1 Introduction

Regarding UL power control, the following agreements have been achieved in previous meetings [1] [2]:
Agreements:
· NR supports beam specific power control as baseline.

· FFS details especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· FFS whether to apply open loop only, closed loop only, or both

· Waveform (CP-OFDM vs. DFT-s-OFDM) specific power control for a UE, e.g., PHR, offset needs to be studied in WI.
Agreements:

· For open-loop power control parameters for PUSCH for a UE, 

· gNB configures one or multiple P0 values 

· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)

· gNB can configure one or multiple alpha values

· FFS the case of closed-loop power control 

· FFS how to handle reconfiguration of open-loop power control parameters for PUSCH for a UE, e.g., reset or not reset closed-loop power control
Agreements:

· It is up to RAN4 to discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission

· E.g., specification of fixed power back-off, specification of power back-off as MPR

Power control parameters can be configured with multiple combinations of beam/waveform/service type. PHR design in one carrier depends on whether the UE can transmit with more than one beam/waveform/service type simultaneously, and how is beam/waveform/service type switched. 
2  PHR for one carrier
PHR design affect the scheduling strategy at gNB side, further impact system performance, especially for edge UEs. With PHR, the gNB can determine RB allocation, TPC value, and derive pathloss.
If dynamic scheduling of uplink waveform is supported, the power offset between waveforms may only reflect on Pcmax and the offset is long-term varied. Thus, virtual PH based on PC parameters for another waveform is not necessary.  
The UE can be dynamically indicated with UL beams, with TPMI/SRI indication. As discussed in [3], TRP based Pcmax can be supported. Then, the beamforming gain at gNB/UE side is estimated by the UE in pathloss. In high frequency, with large scale antenna array, the beamforming gain can vary seriously between beams. To update the pathloss of different beams, candidate virtual beam PH(s) are necessary. 

In LTE, the PHR can be triggered with pathloss change larger than configured threshold. If virtual beam PH is supported, the UE does not need to trigger a PHR once the beam is switched because arbitrary pathloss has been obtained at the gNB. Otherwise, the UE need to report a PHR once switching. It causes frequent reporting. Moreover, if the configured prohibit and periodic timers have expired, the UE may detect more than one beams with large pathloss change. In this case, the UE need to report the PHs related to these beams, though some of them are not scheduled for current transmission. Real and virtual PH for different beams can be calculated with different PC parameters (open-loop (e.g. pathloss), closed-loop (e.g. f (i))), but the same scheduling parameters (e.g. M). 

Furthermore, some UE could form more beams simultaneously. Then the UE need to report PHR taking the sum of all the simultaneously transmitted beams power into account, or generate separate report for each beam. If up to 2 PUSCH for is supported in NR, separate real PH for each beam should be reported.
Proposal 1: In above 6G frequency, PHR for one carrier contains more than one PHs, each of which is derived at least from different DL RS for pathloss estimation.
3 Power headroom calculation types

In NR, short-PUCCH and long-PUCCH are supported, and more than one PUCCH can be TDM-ed transmitted in one slot. The multiple PUCCHs can carry same or different UCI, and have different multiplexing manner with PUSCH. In LTE, basic PHR MAC CE contains only type 1 or type 3 PH, enhanced PHR CE contain type 1 or type 3, and can contain type 3 if configured with simultaneously PUCCH-PUSCH transmission scheme. Consider single TRP and single carrier case. 
When long PUCCH is multiplexed in FDM-ed manner with PUSCH, the same analog beamforming is applied. Then pathloss of long-PUCCH and PUSCH is similar. The difference of power densities of PUSCH and PUCCH is only related to configuration parameters, and known by the gNB. The gNB can acquire enough information from type 2 PH, to determine bandwidth of PUSCH, or PUCCH.
Multiplexing manner of short-PUCCH and PUSCH has not been determined yet. Consider the simple case where short-PUCCH is only allowed to be multiplexed in TDM-ed manner with PUSCH. With both type 1 and type 2 PH, the gNB can calculate the maximum bandwidth of short-PUCCH. A more straightforward way, is to define a new PH type that allows calculation based on PUCCH only. 
Moreover, when calculating PH with PUCCH, the bandwidth of PUCCH should be taken into account. 
Proposal 2: NR should support a new PH calculation type for a transmission with only short-PUCCH on the symbol(s).  
4 Conclusions
The proposals in this paper are summarized as following,
Proposal 1: In above 6G frequency, PHR for one carrier contains more than one PHs, each of which is derived at least from different DL RS for pathloss estimation.
Proposal 2: NR should support a new PH calculation type for a transmission with only short-PUCCH on the symbol(s).  
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