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Introduction
A new Rel-18 WI on further coverage enhancement [1] was approved in RAN#94e. One of the objectivces of this WI is to study and if needed specify power domain enhancements:
· 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)
In this contribution, we discuss and share our views on MPR/PAR reduction.
Discussion on MPR/PAR reduction
The MPR reduction can potentially enhance the UE PA efficiency, therefore the UL coverage could be improved. In RAN1#110b-e, couple of schemes were discussed by different companies to achieve MPR/PAR reduction, where for all schemes DFT-s-OFDM is the target waveform. Those schemes are mainly frequency domain spectrum shaping with/without spectrum extension (FDSS-SE), and tone reservation (TR).

Agreement
At least the following candidate solutions for MPR/PAR reduction will be studied in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension)

For tone reservation technique, RAN1 made the following agreement:
Agreement
The following design aspects of tone reservation (TR), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Sideband tone reservation size is expressed in integer units of RBs.
· FFS:
· Sideband tone reservation size
· Sideband tone reservation size determination
· Whether PRTs are added only to data or also DMRS symbols

Based on the above agreement, one open aspect is whether or not the peak reduction tone (PRT) should also be added to DMRS symbols. In our view, DMRS symbols already achieve a good PAPR and applying PRTs to DMRS symbols is not well justified. Besides for low PAPR sequence Type-1 (ZC based), TR may impact the ZC properties (including low PAPR sequence) which is not desired. Thus, we have the following proposal:

Proposal 1: If TR technique is specified, PRTs are not added to DMRS symbols.

For FDSS with spectrum extension, RAN1 made the following agreement

Agreement
The following design aspects of frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Spectrum extension size is expressed in integer units of RBs.
· Both DMRS and data symbols undergo spectrum shaping
· FFS:
· Which extensions factor(s) to consider, where extension factor (α) is given by spectrum extension size / Total allocation size.
· Impact of shaping filter on FDSS-SE performance
· How to extend DMRS sequence to spectrum extensions, based on either the existing ZC-sequence DMRS or low-PAPR DMRS for PUSCH (FG 16-6c)
· How extension size is determined

Based on the above agreement, one open aspect is how to extend DMRS sequence. In our view, the procedure depends on whether DMRS sequence is generated based on low PAPR Type-1 (ZC) or Type-2 (pi/2 BPSK with transform precoding). For Type-1, a new ZC is more desired rather than just extending the existing ZC, given that such extension may impact PAPR for DMRS sequence. For Type-2 DMRS sequence, spectrum extension can be applied similar to data tones. Based on this discussion, we have the following proposal:

Proposal 2: For DMRS low-PAPR sequence type 2 (i.e., FG 16-6c), DMRS extension is applied similar to data tones.

Regardless of which MPR reduction scheme is considered, one important aspect for MPR reduction gain is to also consider the net coverage gain. It is known that for a given required coverage at a given data rate, tone reservation results a higher code rate which itself increases the SNR operating point. For FDSS-SE, although it keeps the same effective code-rate as before spectrum extension (SE), but we should note that for the same number of resource elements, SE means more repeated coded symbols to be transmitted, while no SE means more new coded symbols have the chance to be transmitted. Thus, it is known that SE can increase required SNR too (similar to TR), which that loss depends on the MCS, modulation order, etc. Therefore, both FDSS-SE and TR schemes can potentially impact the coverage. Based on what we discussed, we propose the following:
  
Proposal 3: To evaluate the MPR reduction schemes, the effective gain if any, shall be considered and reported. 
· The effective gain is determined from MPR reduction gain minus the loss due to higher required operating SNR.


Conclusion
In this contribution, we provided our views on MPR reduction techniques. Based on what we discussed, the following proposals are made:  
Proposal 1: If TR technique is specified, PRTs are not added to DMRS symbols.
Proposal 2: For DMRS low-PAPR sequence type 2 (i.e., FG 16-6c), DMRS extension is applied similar to data tones.
Proposal 3: To evaluate the MPR reduction schemes, the effective gain if any, shall be considered and reported. 
· The effective gain is determined from MPR reduction gain minus the loss due to higher required operating SNR.
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