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1. Introduction

Uplink power control was discussed in RAN1#Ah-Hoc meeting with the following agreements:
Agreements:
· Pathloss measurement for UL power control to be based on at least one type of DL RS for beam measurement is supported.

· Notes: beam measurement RS includes CSI-RS, RS defined for mobility purpose, FFS: SS & DMRS

· FFS: on multiple type of RS 

· FFS: other DL RS

· FFS: Whether beam pair link and/or beam group and/or layer specific power control parameter set(s) includes [image: image2.png]
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· Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS).

· Same gNB antenna port can be used for pathloss measurement for multiple process.

· FFS: Different gNB antenna ports can be used for pathloss measurement for each process

· NR supports power control for UE side multiple panel transmission

· FFS: specification impact to support multiple panel 

· FFS: waveform independent/dependent parameters for power control
In this contribution, we discuss the remaining issues on uplink power control for NR.
2. Discussion
Two types of waveform, SC-FDMA and CP-OFDM, are supported for uplink in NR. SC-FDMA can provide lower PAPR as well as better uplink coverage. CP-OFDM can provide higher spectrum efficiency via frequency diversity. SC-FDMA is mainly used for cell edge UEs with single layer transmission, while CP-OFDM is mostly applied for cell centric UEs using any number of layers. For a UE at high speed, the waveform may change quickly and even dynamically. Since the coverage of the two waveforms is different, independent power control process can be introduced for CP-OFDM and SC-FDMA to obtain the full benefits of two waveforms. Two sets of open-loop power control parameters or two close-loop power control processes can be used to obtain the transmit power of different waveforms. For example, the close-loop power adjustment can be independently accumulated for different waveforms.
Proposal 1:  Separate uplink power control processes are supported for different waveforms.
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. Since lower latency and higher reliability is required for URLLC, if URLLC data and eMBB data collide in the same resource, URLLC should have higher priority. For a power limited UE, if URLLC data and eMBB data are transmitted simultaneously in different frequency resources, and the total power is over the maximal transmit power, 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 transmission in physical layer. A channel priority associated with traffic type should be defined in physical layer for each data transmission to obtain power scaling priority. The channel priority can be also applied to other aspects which need to differentiate traffic types, e.g. UCI priority.
Furthermore, if multiple channels with same channel priority need to be simultaneously transmitted by a power limited UE, the power scaling priority can be further determined by the waveform priority. The priority of the channel using DFT-S-OFDM should be higher than CP-OFDM. The transmit power of the channels using CP-OFDM should be scaled firstly.
Proposal 2: Power scaling priority should be defined for different traffic types and different waveforms.
3. Conclusions
In this contribution, we discuss the uplink power control for different waveforms and traffic types. We have the following proposals:
Proposal 1:  Separate uplink power control processes are supported for different waveforms.
Proposal 2: Power scaling priority should be defined for different traffic types and different waveforms.
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