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Introduction
Since RAN1 #86bis, several WFs [1-3] on uplink power control were discussed in the MIMO session.  Some agreements [4-6] are as follows. 
· The following aspects should be considered for UL PC design:
· FFS: Dynamic TDD

· For NR-PUSCH at least targeting eMBB,
· Open-loop power control based on pathloss estimate is supported.
· Fractional power control  is supported
· Closed-loop power control is supported, which is based on NW signaling.
· [bookmark: _GoBack]Dynamic UL-power adjustment is considered

· FFS: waveform independent/dependent parameters for power control
In this contribution, we discuss the aspects of uplink power control for different waveforms.
Discussion
It was agreed in RAN1#86bis that the both CP-OFDM and DFT-S-OFDM based waveforms are mandatory uplink waveforms in NR.  The CP-OFDM waveform can be used for both single- and multi-stream transmission, while the DFT-S-OFDM based waveform can only be used for single-stream transmission.  It is well know that CP-OFDM and DFT-S-OFDM based waveforms have different peak-to-average power ratio (PAPR).  The CP-OFDM waveform requires larger amplifier power back-off than DFT-S-OFDM based waveform.  This is related to the uplink power control design.  
It was agreed in RAN1 #87 that for NR-PUSCH at least targeting eMBB, both the open-loop power control based on path-loss estimate and the closed-loop power control based on network signaling are supported.  In general, that means uplink transmission power of an uplink channel/signal can be described by following expression:

where  is the maximum transmit power for the uplink channel/signal,  is the desired or target received power at the gNB,  is the path loss measured at the UE,  is the parameter for fractional path-loss compensation, and  is the power control command.  Since the power back-off for CP-OFDM and DFT-S-OFDM based waveforms can be different, a UE can be configured with separate open-loop power control reference point, i.e., one  for CP-OFDM waveform, and another  for DFT-S-OFDM waveform.  Furthermore, separate uplink power control loops can used for different waveforms.  
Another aspect related to waveform dependent uplink power control is the power headroom report.  For the uplink, the availability of transmission power at the UE needs to be reported to the gNB for uplink scheduling.  So that the gNB can schedule a proper data rate that can be supported by the available transmission power at the UE.  This is done by sending a power headroom report (PHR) from a UE to the gNB.  The PHR indicates how much transmission power is left for the UE to use indication to the power being used by current transmission.  The gNB then can use the PHR to estimate how much uplink bandwidth a UE can use in a specific slot.  As separate uplink power control is used for different waveforms, the PHR design shall also be waveform dependent.
The PHR shall consider two cases depending on the whether there is an actual PUSCH/PUCCH transmission or not.  When there’s an actual PUSCH/PUCCH transmission, two PHRs may be reported for PUSCH with each assuming one waveform.  This allows the gNB to manage uplink waveform selection.  If PUCCH supports both waveforms, the PHR for PUCCH can be similar to that for PUSCH.  Otherwise, a single PHR for PUCCH can be reported.  When there’s no transmission for PUSCH or PUCCH, the PHR can be based on a reference transmission.
Proposal: Consider separate power control and power headroom report for DFT-S-OFDM and CP-OFDM waveforms.
Conclusions 
To summarize, we discussed aspects of uplink power control for different waveforms.  We propose:
Proposal: Consider separate power control and power headroom report for DFT-S-OFDM and CP-OFDM waveforms.
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