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Introduction
This summary handles the Tdocs submitted for agenda: 
· 5.27.1.2
Scope of MPR/PAR reduction was discussed in RAN #100 and the Proposal #1 in RP-231498 was endorsed:
· Proposal #1 (Offline consensus)
· 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


At RAN4#107 there were extensive discussion on non-transparent schemes but given the RAN guidance above this will not be treated at this meeting as focus only are to be on transparent schemes, such as FDSS.
List of targeted discussions for this topic during the meeting. 
· The scope of transparent schemes to be included within Rel-18 timeframe. 
· If power-boosting shall be enabled also for QPSK with DFT-s-OFDM and if so, which approach take. This includes aspects as spectrum flatness criteria and relation to power classes.
· Whether or not new capabilities are needed defined by RAN2, if the scope should be limited to “non-NS cases” and if pi/2 BPSK also is a part of the Rel-18 coverage enhancement work.
List of Companies’ contributions
	T-doc number
	Company
	Title / Proposals / Observations

	R4-2315372
	Apple
	Observation 1: At high output power the spectral domain shaped waveform is typically EVM or IBE limited. It is important to consider that the simulations typically do not include all impairments of the transmit chain. The main impairments are power amplifier non-linearity and IQ image. Other aspects such as transmitter chain non-linearity or memory are typically not modelled which can cause additional impact on the ripple. A UE vendor might therefore not be able to use shaping filter which exactly reach the spectral flatness requirement but need to deploy less aggressive filter to fit inside the mask. These effects need to be accounted for when specifying tightened equalizer spectral flatness requirements.
Proposal 1: It is proposed to only update ‘Range 2’ and not tighten the limit more than 2dB compared to PI/2 BPSK boosting.
Proposal 2: When specifying the maximum power boost then consider three-tab filter with coefficients no more aggressive than [0.26 1 0.26]. For tRRC a stretch factor of 0.2 or higher could be considered.
Proposal 3: Focus the evaluation during this and the next RAN4 meetings on PC3. Explore coverage enhancement for PC2 as part of a later release.

	R4-2315818
	vivo
	Observation 1: In scheme1, the bounds of PCMAX,f,c could be changed as follows. It should be noted that, ΔPPowerBoost =0.3 dB only applys to ‘new inner’ region.
Observation 2: MPR requirement for scheme 1 could be changed as Table 1.
Observation 3: In scheme 1, the RB allocation ranges of ‘new inner’ region can be defined by parameter RBStart and LCRB:
Observation 4: In scheme2, the upper bound of PCMAX,f,c could be changed as follows. It should be noted that, ΔPPowerBoost =1 dB only applies to ‘new inner’ region.
Observation 5: In scheme 2, the RB allocation ranges of ‘new inner’ region can be defined by parameter RBStart and LCRB:
Observation 6: In scheme 3, UE with QPSK can never achieve 3 dB power boosting but even has to suffer from the unreasonable duty cycle restriction due to this fake power boost value.
Observation 7: The Pros&Cons for scheme 1~3 are summarized in Table 4.
Proposal 1: When PC3 UE transmits with boosted power, the maximum allowed duty cycle of UE needs to be scaled from 100% to 100%*10-0.1.
Proposal 2: Whether the power boosting for QPSK is allowed should depend on both UE capability and NW configuration.
Proposal 3: Scheme1 can be used as baseline for R18 power boosting.

	R4-2315820
	vivo
	Draft CR for scheme 1 in the previous tdoc.

	R4-2316093
	Nokia, Nokia Shanghai Bell
	Observation 1:  According to WID and agreements made until now, there are two transparent MPR/PAR reduction schemes on table: 
· Reference case (legacy DFT-s-OFDM) without FDSS
· FDSS (transparent scheme)
Observation 2: For 700MHz case:
· 2-tap filter (the least aggressive) maximizes the net gain in almost all cases​
· When using filter(s) maximizing the net gain:​
· OBO gain for outer is 0.6 - 0.9 dB​
· OBO gain for inner is typically 0.2-0.3 dB (however net gain is close to zero)
Observation 3: For 4GHz case:
· 2-tap filter (the least aggressive) maximizes the net gain in almost all cases​
· When using filter(s) maximizing the net gain:​
· OBO gain for outer is close to 1dB​
· OBO gain for inner is typically 0.2-0.4 dB (again, net gain is close to zero)​
Observation 4:  Less aggressive filter optimizes the net gain in most cases.
Observation 5: Due to already zero MPR requirement, the transmission power for inner allocations cannot be increased without applying power boosting.
Observation 6:  Spectrum flatness requirements for the UE is needed to ensure base station receiver performance. 
Observation 7: Based on Figure 5 we can see that OBO is negative and magnitude of OBO is roughly the same inside the whole inner allocation area.
Observation 8: Legacy definition of inner and outer allocations can be used for MPR requirements.
Proposal 1:  Derive new MPR requirements based on FDSS.
Proposal 2:  Prioritize FR1 and power class 3 in Rel-18 WI.
Proposal 3:  Prioritize QPSK modulation in Rel-18 WI.
Proposal 4: For FDSS, RAN4 shall focus on MPR reduction for outer allocations.
Proposal 5: RAN4 shall consider the allocation sizes when defining RF requirements (i.e. spectrum flatness).
Proposal 6: Introduce new spectral flatness requirement for FDSS with QPSK in Rel-18 together with MPR/PAR reduction. 
Proposal 7: Discuss values for X1 and X2, X1=4dB and X2=8dB can be used as starting point.
Proposal 8: In case power boosting is introduced, splitting the requirements further from inner and outer allocations in Rel-18 should be carefully studied and should not be specified unless the gain of the splitting is justified.
Proposal 9: Discuss the two options and related MPR values and introduce MPR reduction for Rel-18.
Proposal 10: Put the discussion related to ACLR and duty cycle threshold on hold until the possible support for power boost (and its amount) has been decided

	R4-2316094
	Nokia, Nokia Shanghai Bell
	Draft CR for option 1 in previous tdoc.

	R4-2316095
	Nokia, Nokia Shanghai Bell
	Draft CR for option 2 in previous tdoc.

	R4-2316277
	Ericsson
	Observation 1 For a UE implementing the FDSS scheme using the 2-tap or 3-tap filter, the general spectrum flatness requirement cannot be met.
Observation 2 14 dB ripple at the edge PRB allocation may result in 0.9 dB link budget loss for high MCS if 14 dB ripple would be allowed.
Observation 3 14 dB ripple at the edge PRB allocation may result in 0.3 dB link budget loss for low MCS if 14 dB ripple would be allowed.
Observation 4 Clipping scheme can meet the general spectrum flatness requirement.
Observation 5 When IE powerBoostPi2BPSK is set to 1, a PC3 output power can be the same or outperform a PC2 UE 
Observation 6 Applying a PC3 ACLR on a PC2 output level UE may incur throughput degradation for a the small ISD cell compared with a PC2 UE (with PC2 ALCR).
Proposal-1: Send LS to RAN2 to add a new capability for UE to support transparent scheme.
Proposal-2: Specify the transparent scheme with power boosting to deliver the observed gain for transparent schemes during the study phase.
Proposal-3: Consider the above spectrum flatness when UE supports the transparent schemes of FDSS.
Proposal-4: Divide the inner allocation with different region to reflect different MPR for transparent schemes.
Proposal-5: Reuse the NOTE 1 and NOTE 2 in Table 6.2.2-1 in TS 38.101-1 for applicable TDD bands and FDD bands.
Proposal-6: Discuss the new MPR table for MPR reduction for transparent schemes below.
Proposal-7: When IE [powerBoostQPSK] is set to 1, apply PC2 UE ACLR to a PC3 UE for small RB size  at inner allocation.

	R4-2316278
	Ericsson
	Draft CR with spectrum flatness and ACLR proposals from previous tdoc

	R4-2316370
	Huawei, HiSilicon
	Observation 1: Based on the simulation results in Figure 1, the MPR gain can be around 0.5dB for PC3 QPSK DFT-s-OFDM waveform by FDSS.        
Observation 2: Comparing with introducing aggressive MPR gain with reduced RB region, trying single MPR gain with current RB region can avoid additional discussion on exact reduced RB region paired with new MPR.  
Proposal 1: RAN4 only defines MPR reduction for FR1 PC3 with QPSK DFT-s-OFDM waveform in Rel-18.
• With the original RB region definition, 0.5dB MPR gain can be considered for inner RB regions.
Proposal 2: The spectrum flatness requirement can be reviewed for FDSS based power boost targeting QPSK DFT-s-OFDM waveform.
Proposal 3: Still apply PC3 ACLR requirement to a PC3 UE that is capable of power boosting for QPSK DFT-s-OFDM waveform.

	R4-2316371
	Huawei, HiSilicon
	Draft CR with MPR and spectrum flatness. 
MPR only for boosted case, and it is 4dB for edge and outer, 2.5dB for inner, where inner is in line with Proposal 1 in previous tdoc (reference is 26dBm).

	R4-2316666
	MediaTek Inc.
	Proposal 1: If power boosting is supported for QPSK + DFT-s-OFDM for both inner and outer RB allocations and for both PC3 and PC2, then the maximum allowed power boosted should be at the most of the MPR reduction, not 3dB.
Proposal 2: With the power boosting of less than 3dB, the requirements corresponding to the nominal power class should not be impacted, e.g., EVM flatness and ACLR should be the same.
Proposal 3: For specifying MPR reduction, RAN4 to introduce a separate MRP table, and if power boosting (<3dB) is agreed, then the configured transmission power should be changed accordingly, and other parts should remain unchanged.

	R4-2315058
	Qualcomm Incorporated
	Observation 1: The boost enhancement for inner waveforms can be defined by defining a new region that is retracted from the legacy inner region (‘enhanced power inner region’) where the UE can simultaneously support 0 MPR and ∆Ppowerclass of -1 dB. 
Observation 2: The set of inner waveforms that do not belong the enhanced power inner region can retain legacy UL power requirements by supporting  ∆Ppowerclass of -1 dB with an MPR of 1 dB, so they can optionally support power boost.
Observation 3: It is difficult to reconcile legacy band edge flatness relaxation with the need to realize meaningful link gain with FDSS (i.e. restriction to mild filtering).
Observation 4: The FDSS based enhancement can be defined if it is restricted to RB allocations that are at least 5 MHz away from the band edge, where the tighter EVM equalizer flatness requirement applies.
Observation 5: The FDSS based enhancement can be added to complement the boosting enhancement defined for legacy waveforms inside the inner region.
Observation 6: The configured power requirement can be modified to enable boosting as well as FDSS based UL power enhancement without precluding boosted operation.

	R4-2315060
	Qualcomm Incorporated
	Draft CR for only inner RBs.

	R4-2315061
	Qualcomm Incorporated
	Draft CR for both inner and outer RBs.



Topic #1: Transparent scheme(s)
Open issues summary
Sub-topic 1-1 - Targeted Power Classes
It is suggested by some to only focus on MPR/PAR reduction for PC3 UEs while others want to also include PC2 UEs.
Issue 1-1: Targeted Power Classes
· Proposals
· Option 1: RAN4 shall only consider PC3 UEs for MPR/PAR reduction within Rel-18 timeframe.
· Option 2: RAN4 shall consider both PC3 and PC2 UEs for MPR/PAR reduction within Rel-18 timeframe.
· Recommended WF
· TBA
Sub-topic 1-2 – RB region(s) under consideration
Based on already discussed simulation results and further input provided for this meeting it can be questioned if and how RB regions shall be divided and if RAN4 shall consider MPR/PAR reduction for all, or only a subset.
Issue 1-2-1: If and how RB regions shall be divided
· Proposals
· Option 1: Re-divide the RB regions, e.g. redefine a new inner region.(vivo)
· Option 2: Split the legacy RB regions.( Ericsson, Qualcomm)
· Option 3: Just reuse the current RB region definition.(Nokia, Huawei)
· Option4: Others.

Issue 1-2-2：0dB MPR reference power.
· Proposals
· Option 1: The reference power of 0 dB MPR is 26 dBm.
· Option 2: The reference power of 0 dB MPR is 23 dBm.
· Option 3: Others.

Issue 1-2-3: RB region(s)
· Proposals
· Option 1: RAN4 shall only consider MPR/PAR reduction for “inner” RB regions. 
· Option 2: RAN4 shall only consider MPR/PAR reduction for both “outer” and “inner” RB regions.
· Option 3: RAN4 shall only consider MPR/PAR reduction for “outer” RB regions.
· Recommended WF
· TBA

[bookmark: _Hlk147212147]Sub-topic 1-3 – UE Capability for Transparent scheme(s)
It has been proposed that RAN4 needs to ask RAN2 to define a UE capability to indicate the support of Transparent MPR/PAR reduction capability of the UE.
Issue 1-3: UE Capability
· Proposals
· Option 1: RAN4 shall draft LS for RAN2 to initiate the work on a UE capability for Transparent MPR/PAR reduction capability. 
· Option 2: RAN4 needs to discuss the need of a UE capability further.
· Recommended WF
· TBA

Topic #2: Power Boosting
Open issues summary
Sub-topic 2-1 - Maximum Power Boosting for QPSK DFT-s-OFDM
Currently the RAN4 spec. only allows power boosting for pi/2 BPSK but is as during the RAN4 discussions been highlighted by multiple companies that they also see positive effects in relation to coverage if enabled for QPSK.
Issue 2-1: Maximum Power Boosting for QPSK
· Proposals
· Option 1: RAN4 shall define a Maximum allowed Power Boosting for QPSK DFT-s-OFDM.
· Option 2: RAN4 shall not define a Maximum allowed Power Boosting.
· Recommended WF
· TBA
Sub-topic 2-2 - Power Boosting Relation to Power Classes
If RAN4 allows power boosting for QPSK, it has been raised by multiple companies whether or not a UE with power boosting enabled shall be allowed to boost its output power beyond its nominal power class or if there should be other restrictions on the allowed level of boosting.
Issue 2-2: TBA
· Proposals
· Option 1: RAN4 shall decide a fixed value for allowed relative power boost as compared to the nominal power class. i.e. the UE can boost its output power from the nominal power class with e.g. 1dB.
· Option 2: RAN4 shall allow relative power boost as compared to the nominal power class to the next power class. i.e. the UE can boost its output power from the nominal power class e.g. PC3 to PC2
· Option 3: RAN4 shall only allow relative power boost as compared to the nominal power class within the tolerance of the nominal power class per band as given in 38.101-1 Table 6.2.1-1: UE Power Class
· Recommended WF
· TBA

Sub-topic 2-3 - Spectrum Flatness for QPSK Power Boosting
During previous RAN4 discussions and from contributions at this meeting it is clear that RAN4 shall discuss spectrum flatness requirements when/if power boosting is enabled for QPSK.
Issue 2-3: Need for a new spectral flatness requirement for QPSK
· Proposals
· Option 1: RAN4 shall define a new spectral flatness requirement for Transparent scheme(s) with QPSK in Rel-18 together with MPR/PAR reduction. The allocation sizes and location shall be considered when defining this requirement.
· Details are FFS.
· Option 2: There is no need for a new spectral flatness requirement for Transparent scheme(s) with QPSK
· Recommended WF
· TBA
Sub-topic 2-4 - ACLR for QPSK Power Boosting
When/if power boosting is enabled, there is a need to understand which ACLR will be applicable.
Issue 2-4: Need for a new ACLR for QPSK and Power Boosting
· Proposals
· Option 1: Apply the ACLR of the nominal UE power class. i.e. RAN4 shall make no changes to the applicable ACLR for QPSK and power boosting and the current requirement is applicable.
· Option 2: Apply the ACLR of a PC2 UE to a PC3 UE when the output power can be boosted to the same level with a PC2 UE
· Details are FSS.
· Option 3: RAN4 shall define a new ACLR applicable for QPSK and power boosting.
· Details are FFS.
· Option 4: The ACLR limit for boosted operation is derived by linear interpolation between the UE’s native power class and the next higher power class.
· Recommended WF
· TBA
Sub-topic 2-5 - Duty Cycle Criteria for QPSK Power Boosting
When/if power boosting is enabled, there is a need to understand which Duty Cycle Criteria will be applicable.
Issue 2-5: Need for a new Duty Cycle Criteria for power boosting
· Proposals
· Option 1: RAN4 shall make no changes to the applicable duty cycle criteria for QPSK and power boosting. I.e. current requirement defined for pi/2 BPSK is applicable.
· Option 2: RAN4 shall define which, or a new, duty cycle criteria applicable for QPSK and power boosting.
· Recommended WF
· TBA

Topic #3: Other
Open issues summary
Sub-topic 3-1 - Spec. updates to capture new MPR requirements for Transparent scheme(s). 
There are proposals for different ways of including the new improved MPR values for Transparent scheme(s) to the spec. 
Issue 3-2: MPR tables
· Proposals
· Option 1: RAN4 shall define MPR for Transparent scheme(s) with QPSK in a new table. 
· The allocation sizes and location shall be considered when defining this requirement. 
· Option 2: RAN4 shall define MPR for Transparent scheme(s) with QPSK by updating existing Table 6.2.2-1 in 38.101-1. 
· Option 3: RAN4 shall define capability so no MPR table update is necessary. 
· 
· Recommended WF
· TBA
Sub-topic 3-2 – draft CRs for introduction of MPR/PAR reduction. 
A number of draft CRs were submitted for this meeting according to the suggestions at RAN4#08 to allow better comparison of what different companies wanted to introduce of spec. updates. It is suggested that these are discussed further and if possible a version with agreeable parts can be created as a running draft CR. 
Issue 3-2: MPR tables
· Proposals
· Option 1: RAN4 shall work on a running draft CR with agreeable parts of the introduction of MPR/PAR reduction. 
· Option 2: It is too early to discuss draft CRs. 
· Recommended WF
· TBA

