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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In TSG-RAN Meeting #100 meeting, some agreements about power domain enhancements have been reached in[1], captured as follows. So that the study direction of RAN4 is clearer, focusing on transparent schemes for MPR/PAR reduction in Rel-18 UL Coverage WI.
	<Way forward/Agreement>: 
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact


[bookmark: OLE_LINK1]Based on this agreement, the study of RAN4 would be focusing on transparent schemes for MPR/PAR reduction in Rel-18 UL Coverage WI.
In this contribution, we evaluate the performance of different transparent schemes, including FDSS and clipping. Based on the related simulation results, some methods to increase the upper limit of maximum output power are discussed as well. 
2. MPR simulation results
[bookmark: _Hlk142068464]Based on the LS from RAN1 [2], transparent schemes that have no RAN1 specification impact include Frequency domain spectrum shaping w/o spectrum extension, clipping and filtering, and so on. In this contribution, MPR performance for Frequency domain spectrum shaping w/o spectrum extension, Peak cancelling, Clipping Noise Compression are all evaluated, separately named as ‘FDSS w/o SE’, ‘CFR-PC’ and ‘CFR-CS’ in the corresponding results figure.
[bookmark: _Hlk135063933][bookmark: _Hlk142070749]2.1 CFR-PC & CFR-CS
In the simulation of CFR-PC and CFR-CS, the transmission bandwidth configuration is 20M BW with 15KHZ SCS, and the RB number sweeps from 0 to the maximum transmission bandwidth configuration NRB. RB allocation of figure (a): RB start is 0, belongs to ‘outer region’ of MPR. RB allocation of figure (b): RB position is in the middle. So, part of figure (b) belongs to ‘inner region’ of MPR, and the other part of it belongs to ‘outer region’, exact classification depends on the RB number. The parameter of OBO represents MPR in the following simulation results.
As can be seen in figure1 and figure2, most of the RB allocation cases seem to have no obvious MPR reduction using CFR schemes comparing to baseline (i.e., ‘NO’ case), especially in the inner region. CFR-PC scheme have more obvious effect than CFR-CS on reducing MPR, mainly in the outer region. From Figure 1. (a), up to 1dB reduction of MPR could be achieved for some small RB number, and 0.4dB reduction of MPR could be achieved for some middle and larger RB number. In Figure1. (b), CFR-PC outperform the baseline when RB number is greater than 70. CFR-PC, CFR-CS and baseline can all achieve negative MPR when RB number is smaller than 70 in figure (b). 
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                                                  (a) RBstart=0                                               (b) middle RB allocation
Figure1. OBO for 20MHZ using CFR-PC, with RB num sweeping
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                                                  (a) RBstart=0                                               (b) middle RB allocation
Figure2. OBO for 20MHZ using CFR-CS, with RB num sweeping
Observation 1: Most of the RB allocation cases have no obvious MPR reduction with CFR schemes, especially in the inner region.
[bookmark: _Hlk142314527]Observation 2: In some outer region with CFR scheme, around 0.4-1dB MPR reduction can be achieved comparing to baseline.
Observation 3: Both CFR schemes and baseline can achieve negative MPR when RB number is in a certain region with RB position is in the middle.
2.2 FDSS
The RB allocation classes in figure3, 4 are similar to those in figure1, 2, so the related details are not clarified again.
Similar to CFR, MPR reduction with FDSS comparing to baseline is hard to observe in the inner region. And in the outer region, 0.7-1.3dB MPR reduction can be seen, mainly RB allocation cases with large RB number or positions close to edge. At the same time, there are no obvious differences in MPR reduction performance between 20 MHz CBW and 100 MHz CBW.
The region of negative MPR can be expanded with FDSS scheme, from a fixed inner region to some specific outer region, which can be observed in the middle RB position.
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                                                  (a) RBstart=0                                                (b) middle RB allocation
Figure3. OBO for 20MHZ using FDSS, with RB num sweeping
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                                                  (a) RBstart=0                                                (b) middle RB allocation
Figure4. OBO for 100MHZ using FDSS, with RB num sweeping
[bookmark: _Hlk142314543]Observation 4: With FDSS scheme, around 0.7-1.3dB MPR reduction can be achieved comparing to baseline in the outer region. In the inner region, MPR reduction is hard to observe.
Observation 5: There are no obvious differences in MPR reduction performance between 20 MHz CBW and 100 MHz CBW.
2.3 Possible power boosting scheme for R18
In [3], we have following wayforward:
<Way forward>: Power boosting
Companies are requested to provide further input on potential power boosting for coverage enhancement:
· Discuss power boosting beyond the nominal power of the power class versus no boosting.
· If power boosting beyond the nominal power of the power class is considered: 
· Discuss power boost framework. 
· If any of the schemes assessed by RAN4 is selected power boost is assumed available for the UE to use. 
· FFS on potential specification impact for enabling power boosting.
Even though [3] is not approved in the end, but at this stage, it is time to think about how to boost UE power in R18 based on the study and simulation so far. Basically, we think there are two ways out:
1) Improve MPR table when UE perform FDSS or other solutions.
This is based on current MPR metric but we are not optimistic about this approach. On the one hand, there are different solutions to lower the PAPR and it is not easy to give one MPR table to cover all of them. On the other hand, improving MPR is more like a UE implementation issue. UE can always use advanced technology to improve its performance, but it does not mean these UE must to satisfy more stringent requirement.
[bookmark: _Hlk142668564]Observation 6: Using advanced technology to improve MPR is a UE implementation issue and UE can always use smaller MPR as long as MPR>0, and it is also difficult to define an improved MPR table to accommodate all PAPR reduction scheme.
Proposal 1: No need to improve MPR requirement in R18.
2) Allow UE power exceeds power class limitation. 
This means if UE support some advanced technologies, UE is capable to transmit with higher power. To further investigate whether UE can exceed the power class, below is the simulation results of OBO for baseline (No FDSS) and FDSS with sweeping RB num and RB start position. 
The figures show that the negative-MPR regions, where the UE power can exceed the power class, obviously are expanded with FDSS scheme. In figure (a), most negative-MPR RB allocations are in the inner region, however in figure (b), many parts of outer region also have negative-MPR feature. 
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                                                  (a) baseline                                                          (b) FDSS
Figure5. OBO for DFT-s-OFDM, QPSK, 20MHZ, sweeping RB num and RB start position 
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                                                  (a) baseline                                                          (b) FDSS
Figure6. OBO for DFT-s-OFDM, QPSK, 100MHZ, sweeping RB num and RB start position 
Observation 7: Whether the UE power can exceed the power class is related to the RB allocation.
[bookmark: _Hlk142314084]However, it is quite complicated to define a power boost region. To simplify the discussion, we can divide the whole RB allocation region into two parts: MPR>0 and MPR<0. And for MPR<0 region, the upper limit of maximum output power could be redetermined, e.g., increase by ΔP.  Based on our simulation, we think the inner region can be the starting point as the situation for UE power booting. 
Proposal 2: When RB allocation is within the inner region, the UE power can exceed the power class by ΔP.
If the UE power is allowed to exceed the power class, a new capability is also needed to inform NW.
Proposal 3: If the UE power is allowed to exceed the power class in R18, a new UE capability for coverage enhancement need to be introduced. 
3. Conclusion
Observation 1: Most of the RB allocation cases have no obvious MPR reduction with CFR schemes, especially in the inner region.
Observation 2: In some outer region with CFR scheme, around 0.4-1dB MPR reduction can be achieved comparing to baseline.
Observation 3: Both CFR schemes and baseline can achieve negative MPR when RB number is in a certain region with RB position is in the middle.
Observation 4: With FDSS scheme, around 0.7-1.3dB MPR reduction can be achieved comparing to baseline in the outer region. In the inner region, MPR reduction is hard to observe.
Observation 5: There are no obvious differences in MPR reduction performance between 20 MHz CBW and 100 MHz CBW.
Observation 6: Using advanced technology to improve MPR is a UE implementation issue and UE can always use smaller MPR as long as MPR>0, and it is also difficult to define an improved MPR table to accommodate all PAPR reduction scheme.
Proposal 1: No need to improve MPR requirement in R18.
Observation 7: Whether the UE power can exceed the power class is related to the RB allocation.
Proposal 2: When RB allocation is within the inner region, the UE power can exceed the power class by ΔP.
Proposal 3: If the UE power is allowed to exceed the power class in R18, a new UE capability for coverage enhancement need to be introduced. 
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