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Introduction
This summary handles the Tdocs submitted for agenda: 
· 8.27.2
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. 
· If more than FDSS and then what shall be considered by RAN4 as a transparent scheme. This includes if additional simulation effort is needed and applicable power classes.
· 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

	R4-2311244
	Apple
	On Rel-18 coverage enhancement
Proposal: With respect to RAN Plenary agreement it is proposed that RAN4 considers transparent schemes such as FDSS which have no RAN1 specification impact

	R4-2311286
	Qualcomm Incorporated
	UL power enhancement using transparent techniques
Proposal 1: RAN4 to evaluate two types of enhancements for DFT-s-QPSK using transparent techniques:
· Inner region, no FDSS required (legacy waveform).
· Outer region, FDSS required.
Proposal 2: The boost value for the UL coverage enhancement feature relative to the nominal power class level is 1.0 dB.
Observation 3: UEs can support boost over some subset of the inner region that excludes some of the waveforms that lie at the boundary of inner and outer.
Proposal 3: RAN4 to determine optimal way to define the subset of the inner region where boost is feasible.
Observation 4: FDSS + DFT-s-QPSK yield meaningful link-level gains only for mild filter profiles (< 5 dB droop) due to erosion of link benefit with strong FDSS profiles.
Proposal 4: RAN4 to determine optimal way to define the subset of outer region where 0 dB MPR is feasible, considering FDSS type and narrow allocations.
Proposal 5: RAN4 to not preclude outer region 0 dB MPR waveforms from boosting their power.
Proposal 6: Limit the enhancement for Rel-18 to PC2 and PC3. The ACLR limit for boosted operation is derived by linear interpolation between the UE’s native power class and the next higher power class.
Proposal 7: All duty cycle criteria shall be scaled by the boost value. For example, a boost value of 1 dB would be accompanied by reducing UL duty cycle values by 10 -0.1.
Proposal 8: For boosted operation, MSD values shall not be degraded for this feature.
Proposal 9: The Rel-18 coverage enhancement feature scope is limited to non-NS cases. 
Proposal 10: For completeness, RAN4 to consider including pi/2 BPSK as part of the Rel-18 coverage enhancement. 

	R4-2312562
	vivo
	Discussion on transparent schemes to reduce MPR
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. 

	R4-2313029
	Nokia, Nokia Shanghai Bell
	Next steps for MPR/PAR – objective
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 and without spectrum extension
· FDSS without spectrum extension (transparent scheme)
Observation 2: Based on results averaged over different companies’ results it can be observed that:
· FDSS provides some net gain for Outer allocations​
· FDSS provides very limited net gain for Inner allocations

Observation 3: Based on Nokia results it can be observed that:
· FDSS provides up to 1dB net gain for outer allocations
· FDSS provides very limited net gain for inner allocations

Observation 4: 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 close to zero)

Observation 5: 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 close to zero)​

Observation 6:  Less aggressive filter optimizes the net gain in most cases

Observation 7: Due to already zero MPR requirement, the transmission power for inner allocations cannot be increased without applying power boosting.

Observation 8:  Spectrum flatness requirements for the UE is needed to ensure base station receiver performance. 


Proposal 1:  Prioritize FR1 and power class 3 in Rel-18 WI
Proposal 2: For FDSS, RAN4 shall focus on MPR reduction for outer allocations

Proposal 3: RAN4 shall consider the allocation sizes when defining RF requirements (i.e. spectrum flatness).

Proposal 4: Introduce new spectral flatness requirement for FDSS with QPSK in Rel-18 together with MPR/PAR reduction. 

Proposal 5: Discuss values for X1 and X2, X1=4dB and X2=8dB can be used as starting point.

Proposal 6: Discuss the two options and related MPR values and introduce MPR reduction for Rel-18

	R4-2313030
	Nokia, Nokia Shanghai Bell
	OPTION 1 - draftCR to 38.101 for MPR reduction
DraftCR showing how Option 1 from R4-2313029 are envisioned implemented to the spec.

	R4-2313031
	Nokia, Nokia Shanghai Bell
	OPTION 2 - draftCR to 38.101 for MPR reduction
DraftCR showing how Option 2 from R4-2313029 are envisioned implemented to the spec.

	R4-2313098
	Huawei, HiSilicon
	On further enhancements to reduce MPR&PAR
Observation 1: The transparent schemes other than FDSS seem to have never been discussed in detail within 3GPP and that could be ascribed to the respect of implementation flexibility.
Observation 2: Previously the pseudocode along with extension ratio, example filter coefficients have been provided for evaluation on spectrum extension, but that has not been done for the transparent schemes other than FDSS equally.
Observation 3: Based on the simulation results in Figure 1, the MPR gain can be around 0.5dB for QPSK DFT-s-OFDM waveform by FDSS.
Proposal: If any transparent schemes other than FDSS will be studied, at least following clarification points should be treated to facilitate evaluation: 
· Sufficient and feasible assumptions for all key factors for different schemes, e.g., clipping threshold, filter coefficients and whether to conduct iteration for clipping & filtering or peak cancellation.
· EVM or BLER performance comparing to FDSS.
· Implementation complexity consideration if iteration is needed for significant power boosting gain.

	R4-2313475
	Ericsson
	RF spec impact for transparent MPR reduction scheme
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: RAN4 collects operators’ view on whether to 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
Proposal-8: When IE [powerBoostQPSK] is set to 1, apply PC2 UE ACLR to a PC3 UE for small RB size  at inner allocation.

	R4-2313630
	MediaTek Inc.
	Evaluation on MPR improvement for transparent schemes for NR UL coverage enhancement
Proposal 1: RAN4 to introduce one set of MPR improvements for all potential transparent schemes for UL coverage enhancement.
Proposal 2: RAN4 to choose one or a limited number of transparent schemes as the base-line, and re-use the simulation parameters for the rest setup to specify MPR improvements.
Proposal 3: RAN4 to collect and consolidate all the inputs provided by companies into one set core requirements for MPR improvements of transparent schemes for UL coverage enhancements in Oct and Nov meeting.



Topic #1: Transparent scheme(s)
Open issues summary
Sub-topic 1-1 - Transparent scheme(s) under consideration
As included to contributions for this meeting and previously discussed within RAN4 transparent schemes other than FDSS seem to have never been discussed in detail within 3GPP. Further, the following was agreed in RAN4 #104bis-e and RAN1 #110bis-e.
Agreement: (RAN4 #104bis-e)
· Frequency domain spectrum shaping without spectrum extension for DFT-S-OFDM is the transparent scheme thus far according to the WID
· Other techniques can be discussed depending on RAN Plenary decision
Agreement: (RAN1 #110bis-e)
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)

Given the RAN and WG agreements and guidance it is suggested that RAN4 confirms that only FDSS shall be considered by RAN4 for MPR/PAR reduction. Note that there is also a proposal this meeting not to consider any MPR/PAR reduction at all within Rel-18 timeframe.
Issue 1-1: Transparent scheme
· Proposals
· Option 1: RAN4 shall conform to only consider FDSS (Frequency domain spectrum shaping w/o spectrum extension) for MPR/PAR reduction within Rel-18 timeframe.
· Option 2: RAN4 shall further discuss schemes for MPR/PAR reduction within Rel-18 timeframe.
· Option 3: RAN4 shall not consider MPR/PAR reduction within Rel-18 timeframe. 
· Recommended WF
· TBA
[Moderator Note] – Option 3 above seems to be against the RAN guidance but is included as it is from a contribution submitted for this meeting.
Sub-topic 1-2 - Simulation effort
Given the previous simulation efforts may not have been completely focused on the current target for the WI as stated in some contributions it can be questioned if RAN4 need to perform a new simulation campaign or can reuse the existing results.
Issue 1-2: New Simulations
· Proposals
· Option 1: RAN4 shall perform new simulations to assess the proposed transparent schemes for MPR/PAR reduction.
· Option 2: There is no need for additional simulation efforts by RAN4 as the already provided simulations are sufficient.
· Recommended WF
· TBA
Sub-topic 1-3 – 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: RB region(s)
· Proposals
· Option 1: RAN4 shall only consider MPR/PAR reduction for “outer” RB regions. 
· Option 2: RAN4 shall only consider MPR/PAR reduction for both “outer” and “inner” RB regions.
· Recommended WF
· TBA

Sub-topic 1-4 - 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 2-2: TBA
· 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

Topic #2: Power Boosting
Open issues summary
Sub-topic 2-1 - Enabling 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: Power Boosting for QPSK
· Proposals
· Option 1: RAN4 shall define Power Boosting for QPSK DFT-s-OFDM within Rel-18 timeframe.
· Option 2: RAN4 shall not introduce Power Boosting for QPSK DFT-s-OFDM within Rel-18 timeframe.
· 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 FDSS with QPSK
· Proposals
· Option 1: RAN4 shall define a new spectral flatness requirement for FDSS 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 - A starting point can be the proposals in R4-2313029 and R4-2313475
· Option 2: There is no need for a new spectral flatness requirement for FDSS 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 know which ACLR will be applicable.
Issue 2-4: Need for a new ACLR for FDSS with 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 FDSS with 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 FFS - A starting point can be the proposals in R4-2313475
· Option 3: RAN4 shall define a new ACLR applicable for FDSS with QPSK and power boosting.
· Details are FFS - A starting point can be the proposals in R4-2311286
· 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 know which Duty Cycle Criteria will be applicable.
Issue 2-5: Need for a new Duty Cycle Criteria for FDSS with QPSK
· Proposals
· Option 1: RAN4 shall make no changes to the applicable duty cycle criteria for FDSS with 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 FDSS with QPSK and power boosting.
· A starting point can be the proposals in R4-2311286 
· Recommended WF
· TBA

Topic #3: Other

Open issues summary
Sub-topic 3-1 – MSD improvement 	
As suggested by at least one company RAN4 shall confirm that the any adjustments to the existing requirements to enable FDSS and/or power boosting shall not introduce any worse performance than what is currently given by the spec. 
Issue 3-1: MSD improvement
· Proposals
· Option 1: RAN4 shall confirm that MSD values shall not be degraded with this feature (i.e. FDSS).
· Recommended WF
· Option 1
Sub-topic 3-2 - Spec. updates to capture new MPR requirements for FDSS. 
There are proposals for different ways of including the new improved MPR values for FDSS to the spec. 
Issue 3-2: MPR tables
· Proposals
· Option 1: RAN4 shall define MPR for FDSS with QPSK in a new table. 
· The allocation sizes and location shall be considered when defining this requirement. 
· A starting point can be the proposal in R4-2313475
· Option 2: RAN4 shall define MPR for FDSS with QPSK by updating existing Table 6.2.2-1 in 38.101-1. 
· A starting point can be the proposal in R4-2313029 
· Recommended WF
· TBA
Sub-topic 3-3 - New IE/Capability for FDSS and/or Power Boosting. 
Given FDSS by RAN agreement shall be transparent it can be argued whether any UE capability and/or IE is needed defined by RAN2. 
Issue 3-3: MPR tables
· Proposals (Note more than one can be applicable)
· Option 1: RAN4 shall inform RAN2 that a new UE capability and/or IE is needed for the transparent coverage enhancement feature. 
· Option 2: RAN4 shall inform RAN2 that a new UE capability and/or IE is needed for QPSK Power Boosting. 
· Option 3: There is no need for RAN2 to add capability nor IE FDSS and/or Power Boosting.
· Recommended WF
· TBA
Sub-topic 3-4 - NS cases. 
One company suggest that the coverage enhancement feature, in this case the moderator assumes the proponent have power boosting in mind, is limited to the non-NS cases as of now. The notion is that by applying power boosting all NS protection scenarios in principle should be checked. 
Issue 3-4: Power Boosting and NS cases
· Proposals 
· Option 1: Until confirmed that NS protection can be meet, Power Boosting shall not be allowed for cases/scenarios with additional requirements defined under NS. 
· Option 2: Power Boosting, when introduced to the spec., can be allowed also for cases/scenarios with additional requirements defined under NS.
· Recommended WF
· TBA
Sub-topic 3-5 - FDSS for pi/2 BPSK. 
One company suggest that pi/2 BPSK also shall be included to the coverage enhancement feature, in this case the moderator assumes the proponent have FDSS in mind. 
Issue 3-5: FDSS for pi/2 BPSK
· Proposals 
· Option 1: RAN4 shall consider requirements also for FDSS for pi/2 BPSK. 
· Option 2: RAN4 shall not update any requirements related to pi/2 BPSK.
· Recommended WF
· TBA

