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1. Introduction
In RAN1#86bis meeting, RAN1 agreed that both CP-OFDM and DFT-S-OFDM were mandatory for eMBB uplink (UL) transmission [1].
	Agreement:
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· FFS additional low PAPR techniques 

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs


In this contribution, we discuss the details of UL transmission power control (TPC) considering waveform switching.
2. Discussion

In NR, according to the agreement, CP-OFDM can be used for both single/multi-layer transmissions, while DFT-S-OFDM is limited to single-layer transmission. This means both waveforms can be used for single layer transmission. For example, CP-OFDM or DFT-S-OFDM is configured by higher layer signaling, and then configured waveform continues to be used in a semi-static manner (Note that if multi-stream transmission is dynamically indicated by NW, the UL waveform is switched from CP-OFDM to DFT-S-OFDM even when DFT-S-OFDM is configured.) One remaining question is whether or not to support dynamic switching between CP-OFDM and DFT-S-OFDM for single-layer transmission. One possible case may be dynamic TDD in order to facilitate interference management. If such a dynamic switching of the waveform is supported, it would have impact on the UL TPC. 
Observation 1: If NR supports dynamic switching between CP-OFDM and DFT-s-OFDM, it would have impact on UL TPC.
If dynamic switching is applied, more detailed study will be needed. In RAN1#87 meeting, RAN1 agreed to support open and closed loop power control for UL data transmission [2].

	Agreements:
· For NR-PUSCH at least targeting eMBB,

· Open-loop power control based on pathloss estimate is supported.

· Pathloss is estimated using DL RS for measurement

· Fractional power control  is supported

· FFS: Which DL RS(s) for measurement is used (The RS may be beamformed).

· Closed-loop power control is supported, which is based on NW signaling.

· Dynamic UL-power adjustment is considered

· Further study on:

· Numerology specific power control

· e.g. numerology specific power control parameters

· Beam specific power control parameters

· Power control for other RSs and physical channels

· Power control for grant free PUSCH if supported
· Power control per layer (group)


When using closed loop TPC, TRP would transmit TPC command in order to adjust UE’s transmission power which is determined by the UE with open-loop TPC. It may be straightforward that the accumulated TPC command value should be taken over when switching waveforms. Otherwise UL transmission power cannot be appropriate level to gain target SINR. Furthermore, maximum average transmission power will differ for each waveform, offset such as P0_PUSCH should be configured respectively.
Proposal 1: If dynamic waveform switching is used, accumulated TPC command in closed-loop power control should be taken over when switching waveforms.
In addition, NR supports multi-numerology. Since multi-numerology changes amount of resources in terms of time and frequency, transmission power density will be changed when numerology level is changed. In order to keep transmission power flat, some solution is needed. One possible option is to apply scaling factor in order to keep transmission power density equalized when numerology level is changed. 
Proposal 2: Multi-numerology should be taken into account, e.g., scaling factor can be used in order to equalize transmission power density when numerology level is changed.
3. Conclusion
In this contribution we discussed UL TPC considering waveform switching. Our observation and proposal are as followed:
Observation 1: If NR supports dynamic switching between CP-OFDM and DFT-s-OFDM, it would have impact on UL TPC.
Proposal 1: If dynamic waveform switching is used, accumulated TPC command in closed-loop power control should be taken over when switching waveforms.

Proposal 2: Multi-numerology should be taken into account, e.g., scaling factor can be used in order to equalize transmission power density when numerology level is changed.
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