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[bookmark: _Ref54129494]Introduction
The following relevant agreements on power domain coverage enhancements were made at RAN1#111[1] in the work item [2] for Rel18 further NR coverage enhancements: 
	Agreement
The following non-transparent solutions for MPR/PAR reduction are currently under discussion in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Tone reservation w/ spectrum extension
In addition, transparent schemes, for instance but not limited to frequency domain spectrum shaping w/o spectrum extension or schemes based on clipping and filtering, are also being evaluated to serve as a benchmark to assess the benefits of non-transparent solutions. Companies are allowed to use any transparent transmission scheme of their choice.

Agreement
At least the symmetric spectrum extension option for frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18.

Conclusion 
It is RAN1 understanding that:
· Performance comparison based on net gain results combining transmitter and receiver performance is performed by RAN4.
· No final decision would be taken by RAN1 on which MPR/PAR reduction solution, will be specified in Rel-18, if any, since this is RAN4’s responsibility.
· It does not preclude RAN1 specification impact

Agreement
For the study of the PAPR/CM of DMRS when considering tone reservation as candidate enhancement for MPR/PAR reduction in Rel-18, RAN1 to consider at least the case that PRTs are added to the DMRS symbols (in the sideband). The case of PRTs not added to DMRS symbols can be used as a benchmark.
· 



In this contribution, we analyse some options for PAPR reduction using variants of tone reservation.

[bookmark: _Hlk63428477]Tone Reservation for UL transmissions
In NR, a UE can be configured to use either CP-OFDM or DFT-s-OFDM in its UL transmissions. PAPR for DFT-s-OFDM waveform is much lower than for a CP-OFDM waveform. Reducing the PAPR for CP-OFDM can enhance UL coverage. If substantial PAPR reduction can be achieved for CP-OFDM, all of its benefits can be enjoyed even in coverage extension as the UE transmit power amplifiers can transmit more power to increase coverage without unduly draining the UE battery.
One form of PAPR reduction is tone reservation in which some tones in an OFDM symbol do not carry data. In tone reservation, a fraction of tones allocated to a UE for UL transmission via FDRA will be reserved for the UE to use in shaping its output OFDM symbol waveform to reduce the amplitudes of any peaks therein; no data is transmitted on these tones. If such reserved tones match the OFDM subcarriers that contribute a high proportion of the amplitude contributions that cohere to create the peaks, then the peak would be substantially reduced. Apart from muting subcarriers, tone reservation can also be done by loading the reserved tones with calculated complex samples that help depress the amplitude excursions that create the peaks.
Transparent Tone Reservation
In transparent TR, tone reservation is achieved by puncturing some of the tones allocated to a UE for UL transmission via FDRA. The punctured tones may then be loaded with calculated complex values that help to depress any excessive amplitude excursions that create the peaks in the time domain OFDM symbol. From the RAN1#111 agreement above, transparent TR schemes are under study in this work item. Transparent schemes have the advantage that there is no need to signal which tones are punctured to the gNB. However, they have the disadvantage that for a coverage limited UE, the puncturing can exacerbate the coverage limitation as it entails a degradation in the gNB decoding. This can be mitigated by defining a tone puncturing pattern either in the specification or configured by the network. A tone puncturing pattern that is known by the gNB allows the gNB decoder to declare erasures when TR PAPR is active for the data bits originally meant to be transmitted in the punctured tones and so ameliorate the effect of the erasures. Admittedly, this dilutes the transparency to some extent but with some benefits.
Observation 1: Transparent tone reservation by tone puncturing degrades decoding at the gNB.
Proposal 1: RAN1 should consider configuration of known tone puncturing patterns for transparent tone reservation PAPR reduction.
Non-transparent Tone Reservation
In non-transparent TR, tone reservation is achieved by choosing the set of tones that are most effective in reducing the PAPR. This effective set of tones form a tone reservation pattern that may be different between FDRAs of the same UE. If tones are allocated out of band of the required FDRA of the UE for TR, this effectively increases the FDRA of the UE. As all TR patterns fall out of band of the useful FDRA of the UE, the chosen TR pattern does not need to be signaled to the gNB. On the otherhand, if the TR pattern falls wholly or partially inside the effective FDRA of the UE, then it will need to be signaled to the gNB to allow the gNB to exclude the reserved tones in its decoding. 
Proposal 2: RAN1 should study means of signaling UE chosen TR patterns to the gNB.
As only a limited amount of PAPR reduction can be achieved by a fixed TR pattern (for example configured by the gNB), it may be best to allow the UE to independently select the most effective TR pattern under guidance by the gNB. For example: the gNB can configure the UE to select a TR pattern made up of N tones within the FDRA. On the other hand, N can be defined in the specification. In a non-transparent TR dispensation, we can understand that the amount of FDRA exceeds that required for data transmission by at least N tones. Under this circumstances, the UE would iteratively select a given N tones and test the effect of reserving these in the PAPR by calculating a figure of merit such as EVM for the resulting peak clipped OFDM symbol. The most effective TR pattern is the one that returns the smallest EVM.
[bookmark: _Hlk127457817]As can be imagined, this iterative process is quite complex and can entail a lot of UE processing if not well structured. In conceiving of a non-transparent TR paradigm, the question of how the UE would efficiently decide which N tones in its FDRA should fall in its TR pattern needs to be considered.
Proposal 3: RAN1 should study the question of how the UE would efficiently decide which N tones in its FDRA should fall in its TR pattern.
The paradigm of how the UE decides the TR pattern should be designed in a way as to facilitate efficient signaling of the TR pattern to the gNB too.
Proposal 4: RAN1 should study paradigms of tone reservation pattern choice that are amenable to efficient signaling to the gNB. 

Conclusions
We have discussed tone reservation as a means of power domain enhancement for coverage. We make the following proposals based on some relevant observations.
Observation 1: Transparent tone reservation by tone puncturing degrades decoding at the gNB.

Proposal 1: RAN1 should consider configuration of known tone puncturing patterns for transparent tone reservation PAPR reduction.

Proposal 2: RAN1 should study means of signaling UE chosen TR patterns to the gNB.

Proposal 3: RAN1 should study the question of how the UE would efficiently decide which N tones in its FDRA should fall in its TR pattern.

Proposal 4: RAN1 should study paradigms of tone reservation pattern choice that are amenable to efficient signaling to the gNB. 
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