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1	Introduction
[bookmark: _Hlk104372907]This contribution relates to a new work item agreed in RAN#94-e, namely “Further NR coverage enhancements” [1]. We consider power domain enhancements and the following objectives captured in the WID:

· Study and if necessary specify following power domain enhancements
· […]
· 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 paper we discuss the scope of MPR/PAR reduction in Rel-18. The actual solutions with the initial performance results are given in [2].
2	Work split between RAN4 and RAN1
According to the WID, enhancements to reduce MPR/PAR cover both RAN WG4 and RAN WG1. Our assumption is that performance evaluation related to MPR/PAR objective needs to be carried out (at least primarily) in RAN4. RAN4 has the necessary expertise (and tradition) to evaluate the UE transmitter performance. This would be also in line with WID where RAN4 is the leading WG for the MPR/PAR objective. It’s well known that spectrum shaping/extension of the transmitted signal has (slightly) negative impact to the receiver performance, while the coverage gain should be coming from increased Tx power, which should exceed the reduced receiver performance [2]. Based on that, it makes sense to evaluate different schemes based on net gain, taking into account both transmitter and receiver performance.
Proposal 1: RAN WG4 shall be the (key) responsible WG for the performance evaluations related to MPR/PAR objective
Proposal 2: Actual conclusion of the MPR/PAR reduction methods should be based on net coverage gain results combining transmitter and receiver performance.
3	Priority scenarios for MPR/PAR reduction
[bookmark: _Hlk53063199]Spectral shaping can be applied with or without spectral extension. Rel-15 NR supports FDSS (Frequency Domain Spectral Shaping) without spectrum extension for pi/2 BPSK. The FDSS work has continued in Rel-16 with low-PAPR DMRS, and in Rel-17 study with further optimization of pi/2 BPSK scenario. 
We think that the key motivation behind Rel-18 power domain enhancements is to extend the spectral shaping framework defined in previous releases (for pi/2 BPSK) for QPSK scenario. This can reduce the MPR and improve UL coverage accordingly. It is also beneficial for higher UL data rate applications and/or when operating with a higher spectral efficiency (compared to BPSK). 
Figure 1 shows the peak to average ratio (PAR) for pi/2 BPSK and QPSK modulations with and without FDSS and spectrum extension. The same FDSS function is applied for both modulation schemes. It can be observed that FDSS without spectral extension provides more significant PAR reduction (2 dB@1% CCDF) for pi/2 BPSK while only moderate PAR reduction (1 dB@1% CCDF) for QPSK. Additionally, it’s known that cubic metric (CM) is often a more illustrative metric for the transmit power reduction of a typical power amplifier at the mobile handset compared to PAR.  Table 1 shows that QPSK FDSS with spectrum extension reduces CM efficiently while FDSS without spectrum extension have almost no impact on CM.  Hence spectral shaping with spectrum extension is a good candidate method to reduce MPR and to improve UL PUSCH coverage. This is in line with our net gain results shown in [2]:
· FDSS with spectrum extension provides considerable coverage gain for QPSK
· FDSS without spectrum extension has only limited gain potential for QPSK.

Finally, we note that tone reservation which is another candidate scheme to reduce MPR/PAR utilizes spectrum extension (a.k.a. reserved tones). Based on the discussion above we make the following proposal:

[bookmark: _Hlk104372847]Proposal 3: Consider scenarios involving spectrum extension and do not consider scenarios without spectrum extension. 
[image: ]
[bookmark: _Ref53054375]Figure 1. PAR for pi/2 BPSK and QPSK modulations with and without FDSS and spectrum extension.

Table 1 CM for QPSK with and without FDSS and spectrum extension
	Waveform
	CM [dB]

	QPSK No FDSS
	1.0

	QPSK FDSS without extension
	0.9

	QPSK FDSS with 25% extension
	0.1




The WID mentions two enhancements to reduce MPR/PAR, namely FDSS with spectrum extension for DFT-s-OFDM and tone reservation. We are of the opinion that tone reservation studies should also focus on DFT-s-OFDM waveform. The reason behind is that DFT-s-OFDM provides opportunities for smaller MPR/PAR [2]. Furthermore, it allows considerably smaller UE complexity for implementing tone reservation. 
We think that power domain enhancement, and especially “Enhancements to reduce MPR/PAR …” should aim at coverage improvements in the mainstream scenarios, such as UE Power Class 3. Furthermore, as we’re dealing with DFT-s-OFDM, it makes sense to focus scenarios which don’t involve SU-MIMO or carrier aggregation. 
The net gain results [2] show that power domain enhancements are equally relevant for both FR1 and FR2 [2]. Hence, it makes sense to consider power domain enhancement for both frequency ranges. 
In principle, power domain enhancements can be considered for any UL channels and signals. In other words, it could be applied not only for PUSCH but also for PRACH, PUCCH and SRS. On the other hand, we know that in terms of UL coverage, PUSCH is the bottleneck channel in vast majority of the scenarios. Hence, we propose to focus on PUSCH (and the associated DMRS) in Rel-18 work item.
As said, FDSS without spectrum extension has been extensively studied for pi/2 BPSK scenario already. Additionally, based on our results, FDSS with spectrum extension does not improve the pi/2 BPSK performance (compared to the case without spectrum extension). Hence, it makes sense to deprioritize pi/2 BPSK in Rel-18 work. Furthermore, as discussed, FDSS with spectrum extension provides considerable coverage gain for QPSK [2]. Hence, it can be seen as the main scenario for Rel-18. The remaining question is, should we consider modulation order higher than QPSK? Based on our studies, spectrum extension has only limited gain potential for modulation orders higher than QPSK [2]. Hence, we propose to deprioritize them in Rel-18 work.
[bookmark: _Hlk104374989][bookmark: _Toc53788225]Proposal 4:  Consider DFT-s-OFDM and do not consider CP-OFDM.
Proposal 5:  Consider UE Power Class 3 and scenario with a single transmitter & single component carrier and do not consider SU-MIMO or UL CA.
Proposal 6:  Consider both FR1 and FR2.
Proposal 7:  Consider PUSCH and the associated DMRS, and do not consider other channels and signals.
Proposal 8:  Consider QPSK modulation and do not consider other modulation schemes.
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]4.	Conclusion
In this paper we discuss the scope of MPR/PAR reduction in Rel-18. Based on the discussion we make the following proposals:

Proposal 1: RAN WG4 should be the (key) responsible WG for the performance evaluations related to MPR/PAR objective.
Proposal 2: Actual conclusion of the MPR/PAR reduction methods should be based on net coverage gain results combining transmitter and receiver performance.

Proposal 4:  Consider DFT-s-OFDM and do not consider CP-OFDM. 
Proposal 5:  Consider UE Power Class 3 and scenario with a single transmitter & single component carrier and do not consider SU-MIMO or UL CA.
Proposal 6:  Consider both FR1 and FR2.
Proposal 7:  Consider PUSCH and the associated DMRS, and do not consider other channels and signals.
Proposal 8:  Consider QPSK modulation and do not consider other modulation schemes.
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