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1. Introduction

Uplink power control enhancement was discussed in RAN1#88bis meeting with the following agreements:
Agreements:
· For beam specific power control, NR defines beam specific open & closed loop parameters. 

· FFS: details on beam common parameter(s)

· Note: Agreed on RAN1 #88 FFS details on “beam specific”, especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.

· FFS: offset configured/specified, reported, 

· FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter.
In this contribution, we discuss the remaining issues on uplink power control for PUSCH/PUCCH/SRS.
2. Discussion
2.1. Power control for PUSCH/PUCCH
For a UE supporting both DFT-S-OFDM and CP-OFDM, the waveform for UL transmission is configured by gNB, e.g. via RRC signaling or L1 signaling. DFT-S-OFDM can provide lower PAPR as well as better uplink coverage. CP-OFDM can provide higher spectrum efficiency via frequency diversity. DFT-S-OFDM is mainly used for cell edge UEs with single layer transmission, while CP-OFDM is mostly for cell centric UEs with UL MIMO. For a mobile UE or a UE multiplexed with another UE with different waveform, the waveform may need to be changed quickly, and then a dynamic signaling for waveform configuration is necessary at least for UL single port transmission or diversity transmission [1].

Due to different coverage of waveforms, the transmit power of UEs configured with different waveforms would be different. If the waveform is semi-statically configured, gNB can reconfigure the semi-static power control parameter, e.g. Po,PUSCH, according to configured waveform. If the waveform is dynamically configured, waveform-specific power control parameter(s) are needed to obtain independent power for different waveforms. A simple method is introducing a power offset between the two waveforms, e.g. an offset of Po,PUSCH. Close-loop power control could also be used for power adjustment of different waveforms, but can only be a complementation due to limited range. Separate Pc,max for different waveforms could also be considered which could be decided by RAN4.
Proposal 1: gNB configures an offset of Po,PUSCH/Po,PUCCH to obtain transmit power of different waveforms when the waveforms are dynamically configured for a channel/signal.
In NR, multiple traffic types including eMBB, URLLC and mMTC are supported. An uplink transmission can be used to transmit eMBB data or URLLC data. For a power limited UE, if URLLC data and eMBB data are transmitted simultaneously in the same time but different frequency bands, the total power may beyond the maximum transmit power. Then the transmit power of eMBB data should be scaled firstly. If the length of URLLC transmission and eMBB transmission is different, at least in the symbols where URLLC data and eMBB data are FDMed within a carrier or in different carriers, the transmit power of eMBB data should be scaled. However, a UE could not be aware of the traffic type of scheduled data in physical layer. Then a channel priority implicitly associated with traffic type in higher layer should be defined in physical layer for each data transmission to obtain power scaling priority. The channel priority can be also applied to other PHY aspects which need to differentiate traffic types.

Furthermore, if multiple channels with same channel priority and different waveforms need to be simultaneously transmitted by a power limited UE (e.g. in different carriers), the power scaling priority can be further determined by the waveform priority. 
Proposal 2: Power scaling priority should be defined for different traffic types and different waveforms.
2.2. Power control for SRS
It was agreed that beam-specific power control should be supported in NR. PUSCH/PUCCH transmission using different beams may be configured with different transmit power. For SRS, multiple SRS resources using different Tx beams can be configured by gNB for UL beam management. gNB could select at least one of the SRS resources with best quality and inform it to UE to determine Tx beam of PUSCH. For gNB to correctly select the best beam via receiving power, it is expected that the same transmit power is applied to the SRS resources. Beam-common power control parameters could be defined for SRS used for beam management. If only beam-specific object power (Po,PUSCH) is introduced for PUSCH, one Po,SRS can be defined for SRS and other power control parameters can reuse that of PUSCH as in LTE.
Proposal 3: The same transmit power is applied to differently beamformed SRS for UL beam management, with beam-common power control parameters.
3. Conclusions
In this contribution, we discuss the uplink power control for different types of UL signal. The power control of different signal/channel should be respectively discussed. We have the following proposals:
Proposal 1: gNB configures an offset of Po,PUSCH/Po,PUCCH to obtain transmit power of different waveforms when the waveforms are dynamically configured for a channel/signal.
Proposal 2: Power scaling priority should be defined for different traffic types and different waveforms.
Proposal 3: The same transmit power is applied to differently beamformed SRS for UL beam management, with beam-common power control parameters.
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