3GPP TSG RAN WG1 #110bis-e		                                             R1-2208847
e-Meeting, October 10th – 19th, 2022
Agenda Item:	9.14.2
Source: 	OPPO
[bookmark: Title]Title:	The study of power domain enhancements
[bookmark: DocumentFor]Document for:	Discussion & Decision

Introduction
The objective of this work item [1] is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)
In this contribution, we discuss the power domain enhancements for NR coverage enhancements. 
Power domain enhancements
The UE transmission power is the most valuable resource in uplink and enhancements to unlock additional uplink power are highly valuable for UL coverage. There are some studies and works in Rel-17 on the power domain, such as enhancements to reduce MPR/PAR in “Study on NR coverage enhancements” and “Increasing UE power high limit for CA and DC”.
Reducing the PAPR (Peak to Average Power Ratio) and CM (Cubic Metric) of the waveform is a common method for achieving higher transmission powers leading to lower MPRs. There are many commonly used techniques to reduce PAPR, such as Clipping, Compressing Transform, Selective Mapping (SLM), Partial Transmit Sequence (PTS), Block Coding, Tone Reservation (TR), etc. 
Among the large number of known PAPR reduction techniques, “Tone Reservation” stands out due to its simplicity and efficient usage of the available resources, it is an effective technique to reduce the PAPR of multi carrier signals. The principle of Tone Reservation is to reserve a small number of subcarriers at the transmitter as Peak Reduction Tones (PRTs) to reduce the PAPR of the waveform. At the receiver, these Peak Reduction Tones (PRTs) can be easily removed. 
In the TR-based OFDM scheme, peak reduction tones (PRT) are reserved to generate PAPR reduction signals. These reserved tones do not carry any data information, and they are only used for reducing PAPR. To preserve the EVM, there is no overlap between the PRTs and the subcarriers used for transmitting the data.
In tone reservation (TR) based OFDM systems, the peak to average power ratio (PAPR) reduction performance mainly depends on the selection of the peak reduction tone (PRT) set and the optimal target clipping level. For the DFT-s-OFDM waveform, reserving tones adjacent to the RBs allocated to a UE is a reasonable choice. It needs to study the allocation mechanism of PRTs to a UE. 
Proposal 1: Consider Tone Reservation for DFT-s-OFDM and CP-OFDM waveforms to further reduce PAPR. 
Proposal 2: Allocation mechanism of PRTs to a UE should be studied, including location of PRTs, the number of subcarriers of PRTs, etc.

Conclusion
In this contribution, we have discussed power domain enhancements for NR coverage enhancements. We have following proposals.
Proposal 1: Consider tone reservation for DFT-s-OFDM and CP-OFDM waveforms to further reduce PAPR. 
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