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Introduction
This thread handles t-docs under AI 8.24.2 for enhancement to reduce MPR/PAR and associated sub-agendas for NR_cov_enh2-Core. 
List of candidate target of discussions for this topic. 
· 1st round: Aim at obtaining additional agreements on down scoping of the objective and RF simulation parameters as the 1st priority.  Simulation results can be used as complementary tools for this purpose.
· 2nd round: Focus on the content of an LS sent to RAN1.
Topic #1: Scope of the WI
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2219499
	Huawei, HiSilicon
	Observation 1: From BLER performance perspective, Truncated RRC filter is better than loss than 3-tap Pulse shaping filter for both pi/2-BPSK and QPSK DFT-s-OFDM waveform.
· No obvious BLER degradation can be found for Truncated RRC filter.
About 1.25dB BLER degradation can be found for 3-tap Pulse shaping filter.
Observation 2: From CM (Cubic Metric) performance perspective, around 1dB gain can be expected for pi/2-BPSK DFT-s-OFDM waveform with FDSS w/o spectrum extension.
Proposal: RAN4 only focus on modulation order lower than 4

	R4-2218238
	Nokia, Nokia Shanghai Bell
	Proposal 1: Inform RAN1 about the parameters at least already agreed RAN4 #104bis-e as well as in RAN4#105 if any.
Proposal 2:  Do not consider CP-OFDM waveform for MPR/PAR objective.
Proposal 3:  Do not consider other channels and signals (than PUSCH and the associated DMRS).
Proposal 4:  Define evaluation assumptions for both FR1 and FR2 scenarios. 
Proposal 5:  Do not consider intra band UL CA scenario in Rel-18 WI. 
Proposal 6:  The candidate solutions for MPR/PAR reduction are those included in the WID. The reference/baseline schemes for MPR/PAR reduction are: 
· FDSS w/o spectrum extension for pi/2 BPSK 
· Transmission without FDSS and without spectrum extension for QPSK 
[bookmark: _Hlk104372847]Proposal 7: Prioritize scenarios involving spectrum extension.
Proposal 8: QPSK is the target modulation scheme for the study
· Pi/2 BPSK is not considered
· Modulation orders higher than QPSK are not considered.



The moderator can suggest a limited number of papers which could be presented.
· Presentation is not needed.
Open issues summary
Given that an objective to reduce MPR/PAR in NR_cov_enh2 WI includes already many options, it is beneficial to down scope options as much as possible. 
Sub-topic 1-1: Modulation order
Sub-topic description: 
Clarification of modulation order to be treated in the WI. R4-2219499 proposes to focus on modulation order lower than 4 while R4-2218238 proposes to focus on QPSK in proposal 8. Considering the submitted contributions in 8.24.2, it is not realistic to agree with excluding pi/2 BPSK at this stage so that it is a good compromise to discuss if we can agree with focusing on pi/2 BPSK and QPSK for a while.  
Open issues and candidate options before f2f meeting:
Issue 1-1: Modulation order to be treated in the WI
· Proposal: RAN4 only focus on modulation order lower than 4
· Option 1: Agree
· Option 2: Don’t agree
· Recommended WF
· RAN4 only focuses on pi/2 BPSK and QPSK
· Further down scoping can be made depending on the outcome of discussion based on simulation results during the WI
Sub-topic 1-2: Miscellaneous
This sub-topic handles proposal 2, 3 and 5 in R4-2218238. Proposal 1 and 5 can be discussed in RF simulation parameters discussion. Proposals 2, 3 and 5 are about aspects captured as FFS in the approved WF in the last meeting. Moderator suggests to simply ask if the proposals can be agreeable or not one by one while there is no need to take a long time for the discussion since no agreement means that these aspects cannot be considered within the scope. 
Issue 1-2-1 : Miscellaneous
· Proposals
· Do not consider CP-OFDM waveform for MPR/PAR objective
· Do not consider other channels and signals (than PUSCH and the associated DMRS)
· Do not consider intra band UL CA scenario in Rel-18 WI
· Recommended WF
· TBA
Topic #2: RF simulation parameters
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	[bookmark: _Hlk118827282]R4-2218237
	Nokia, Nokia Shanghai Bell
	Proposal 1: Send an LS to RAN1 to share parameters agreed in RAN4. The draft can be seen in Annex.  
Proposal 2: Consider the following extension factors in evaluations
· a = 0 (reference)
· a = 0.25 (baseline)
· a = 0.125
· a = 0.375
Proposal 3: In addition to filters agreed for calibration purposes, define a reference case where FDSS is not applied.
Proposal 4: Simulation cases include [16, 32, 64, …, NRB] RBs
Proposal 5: Sweep the allocated RBs over the whole carrier
Proposal 6: Adopt simulation parameters defined in Table 2 for FR1
Proposal 7: Adopt simulation parameters defined in Table 3 for FR2

	R4-2218877
	vivo
	Observation 1: The extension/reservation factor (α) can affect the power boost gain, raising the value of α within a certain range is beneficial.
Proposal 1: The extension/reservation factor (α) should be limited to a certain range, and different ranges for (α) should be set according to different modulation methods, different RB allocations, different filter coefficient, etc.
Observation 2: The filter coefficient can affect the power boost gain: higher filter coefficient can improve ACLR performance, while lower filter coefficient is more beneficial to EVM performance.
Proposal 2: The definition of net gain combining transmitter and receiver performance should be further discussed.
Proposal 3: Apart from ‘FDSS without spectrum extension’, ‘no FDSS’ should also be considered as a baseline of ‘FDSS with spectrum extension’. 
Proposal 4: ACLR requirement needs to be further evaluated.

	R4-2219797
	Ericsson
	Proposal 1: RAN4 further discuss what simulation parameter should be aligned.
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Open issues summary
The target of topic# is agree additional parameters to be used for RF simulations and share with RAN1 parameters relevant to link level simulation to make RAN1 and RAN4 use common parameters as much as possible and this action was captured in the WF approved in the last meeting.
It’s noted that R4-2219797 is about LLS so that it is more RAN1 domain according to the agreement on work split.
Sub-topic 2-1: extension factor and the number of RBs
Sub-topic description: R4-2218877 has proposal 1 and the t-doc uses extension factor of 1/3(0.33), 1/5(0.2) and 1/6(0.166) while R4-2218237 proposes to use extension factor of 0, 0.125, 0.25 and 0.375. Since available factors can be different from assumed number of RBs, e.g., R4-2218877 uses 20 RBs and 60 RBs. Hence, it cannot use the factors proposed in R4-2218237as far as symmetric extension is considered. With that, it would be more efficient to firstly agree with the minimum unit of RBs, e.g., if 16 RBs is the minimum, then, 32 RBs, 48 RBs, …follow. Otherwise, e.g., 1/3 and 1/6 can be used for 60 RBs while they cannot be used for 20 RBs, though 1/5 can be used for both 20 RBs and 60RBs.
 Issue 2-1-1: The number of RBs and positions
· Proposal: Simulation cases include [16, 32, 64, …, NRB] RBs and sweep the allocated RBs over the whole carrier
· Option 1: Agree
· Option 2: Don’t agree
· Recommended WF
· TBA

Issue 2-1-3: Extension factor
· Proposals: 
· Option 1: Consider the following extension factors in evaluations, 0(reference), 0.125, 0.25(baseline), 0.375
· Option 2: The extension/reservation factor (α) should be limited to a certain range, and different ranges for (α) should be set according to different modulation methods, different RB allocations, different filter coefficient, etc.
· Recommended WF
· Extension/reservation factors in evaluations are 0 – 0.375, which can be further limited to a certain range according to some other factors, e.g., modulations etc., if needed.

Sub-topic 2-2: reference for gain evaluation
Sub-topic description: R4-2218237 and R4-2218877 have a very similar proposal to define ‘no FDSS’ as a baseline of ‘FDSS with spectrum extension’ 
Open issues and candidate options before f2f meeting:
Issue 2-2: inclusion of baseline/reference for gain evaluation 
· Proposals
· Option 1: In addition to filters agreed for calibration purposes, define a reference case where FDSS is not applied.
· Option 2: Apart from ‘FDSS without spectrum extension’, ‘no FDSS’ should also be considered as a baseline of ‘FDSS with spectrum extension’
· Recommended WF
· Include no FDSS as a reference case for gain evaluation
Sub-topic 2-3: Net gain definition
Sub-topic description: R4-2218877 has Proposal 2: The definition of net gain combining transmitter and receiver performance should be further discussed. Moderator thinks that this wouldn’t be something new so that we would be able to reuse the definition which have been used by at least two companies in TR38.868.
Issue 2-3: Definition of net gain 
· Proposal
· The definition of net gain combining transmitter and receiver performance should be further discussed.
· Recommended WF
· Net gain can be defined as follows. (if this is not agreeable, better to be discussed in offline)
· 
· Where  is the output power of the filter being compared against the reference filter,  is the output power of the reference filter,  is the required SNR to achieve 10% BLER of the reference filter, and  is the required SNR to achieve 10% BLER of the filter being compared against the reference filter.
Sub-topic 2-4: LS to share agreed RF parameters with RAN1
Sub-topic description: R4-2218237 has a proposal to send an LS to RAN1 to share agreed RF simulation parameters to make RAN1 and RAN4 use common parameters as much as possible. Moderator suggests that the content would change depending on the agreements to be made in RAN4#105. Hence, it would be better to just agreeing to discuss the content of the LS in offline in the 1st round to save time.
Issue 2-4: Send an LS to RAN1 to share RF parameters 
· Proposal
· Send an LS to RAN1 to share parameters agreed in RAN4. The draft can be seen in Annex.
· Recommended WF
· Discuss it in offline and accommodate additional new agreements if any on top of the agreements made in the last meeting.
Topic #3: Transparent schemes
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218240
	Nokia, Nokia Shanghai Bell
	Observation 1: It can be noted that OBO gain from transparent schemes (compared to the case without filter) is typically less than 1 dB. For the largest RB allocations, the OBO gain is about 1.5 dB. 
Observation 2: When compared to non-transparent schemes (in [5]), it can be noted that non-transparent schemes outperform transparent schemes with a clear margin. 
Observation 3: Furthermore, as shown in [5], transparent schemes don’t provide net gain with QPSK (in other words, OBO gain < Rx loss).
Observation 4: For similar FDRA, OBO behaviour is very similar between different SCSs.
Observation 5: Non-transparent schemes outperform transparent schemes with a clear margin in FR2.

	R4-2218373
	Qualcomm
	Observation 1: The agreed definition of transparent UL power enhancement schemes in WF R4-2217745 is not truly transparent because the receiver must be aware of their use.
Observation 2: Some transparent UL power enhancement schemes can be implemented without the UE jeopardizing compliance with existing RF emissions and Tx signal quality requirements. These schemes do not need explicit enabling by the network.
Observation 3: TR38.868 has already concluded that pi/2 BPSK with FDSS can transmit at a power boost level between 1 and 2 dB, relative to the nominal power class expectation.
Observation 4: in FR1, at least some subset of inner waveforms for DFT-s-QPSK can transmit at a power boost level of ~ 1 dB, relative to the nominal power class expectation.
Observation 5: A UE’s ability to power boost past the nominal power class expectation may vary from band to band.

	R4-2218878
	vivo
	Observation 1: For some inner allocation cases (e.g., 20RB@RB40), it seems that FDSS without extension is not helpful for power boosting for both pi/2 BPSK and QPSK.
Observation 2: For some outer allocation cases (e.g., 60RB20), FDSS without spectrum extension can improve the pi/2 BPSK performance to some extent compared with no FDSS.
Observation 3: For some outer allocation cases for QPSK (e.g., 60RB20), FDSS with spectrum extension provides no or minor additional power boost gain compared with no FDSS.
Observation 4: The filter coefficient can affect power boost: higher filter coefficient can improve ACLR performance, while lower filter coefficient is more beneficial to EVM performance.
Proposal 1: For QPSK, the necessity of FDSS without spectrum extension should be further evaluated since the power boost gain seems marginal.

	R4-2219795
	Ericsson
	Observation 1 The FDSS can bring 0.4 to 1.2 dB gain on the outer RB allocation for QPSK of DFT-OFDM waveform for MPR reduction at UE.
Observation 2 The net gain analysis is needed to evaluate the transparent MPR reduction schemes due to the more EVM degradation for aggressive filter.
Observation 3 SNR loss is worst for FDSS [ 0.28 1 0.28] and less for FDSS [1 0.28] and FDSS RRC for low MCS.
Observation 4 FDSS [0.28 1 0.28] has no gain or negative total gain in most of RB allocation.
Observation 5 FDSS [1 0.28] gives moderate gain (around 0.1 - 0.5 dB) at some RB size.
Observation 6 Clipping and peak cancelation could provide similar total gain for MPR reduction with FDSS.
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Open issues summary
For transparent scheme, given that TR38.868 already concluded that FDSS w/o SE for pi/2 BPSK has some gain as observed in R4-2218373, we wouldn’t need to discuss it further. And in fact, R4-2218878 shows some gain for FDSS pi/2 BPSK w/o SE, though the gain cannot be seen in all the cases. Hence, moderator prioritizes discussion on QPSK.
It is noted that the content of R4-2218373 is slightly different from those of the others. How to handle the corresponding requirement based on the observations in RF spec impact so that it is not handled here except for observation 3.
Sub-topic 2-1
Sub-topic description: 
R4-2218240 says QPSK FDSS w/o SE has no gain (with consideration of net gain). 
R4-2218878 says there is no gain in inner allocation while some gain in terms of MPR, where [0.335 1 0.335] has even less gain than [0.28 1 0.28]. Even if [0.28 1 0.28] shows the gain, the value is around 0.4 dB at most. 
R4-2219795 says there will be gain in outer allocation and [0.28 1 0.28] has no gain (with consideration of net gain) while [1 0.28] and FDSS RRC have gain.
Overall, at least the next focus would be to check if there is gain when QPSK w/o SE with [1 0.28] and FDSS RRC is allocated in outer allocation.
Issue 2-1: FDSS QPSK w/o SE
· Proposal
· For QPSK, the necessity of FDSS without spectrum extension should be further evaluated since the power boost gain seems marginal
· Recommended WF
· Agree with followings
· FDSS QPSK w/o SE has no gain at least in inner region
· Further evaluate if FDSS QPSK w/o SE with [1 0.28] and FDSS RRC has net gain in outer region 
Topic #4: RF specification impact
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218044
	Qualcomm Incorporated
	Observation: The standards framework precludes FR1 UEs from transmitting UL at power levels that exceed the nominal expectation for any power class (ignoring tolerances).
Proposal: RAN4 to loosen (increase) the upper-bound of the configured power inequality (PCMAX,H) to enable FR1 UEs to increase their max. UL power for coverage enhancement.

	R4-2218248
	Nokia, Nokia Shanghai Bell
	Proposal 1:  Deprioritize the discussion related to RF specification impacts for Transparent scheme in Rel-18 CE 

Proposal 2:  Update spectral flatness requirements in TS 38.101-x to cover FDSS with spectrum extension with QPSK modulation. Consider the following approaches:
· Two ranges defined for pi/2 BPSK are applied for the total allocation (Inband + Excess band)
· Two ranges defined for pi/2 BPSK are applied for the Inband signal. The third range with a new parameter X3 is introduced for Excess band.

Proposal 3:  Consider two set of spectrum flatness requirements: 
· Current requirements defined for pi/2 BPSK (allowing also more aggressive filters)
· Tighter requirements (allowing only less aggressive filters)

Proposal 4:  From IBE point of view, consider excess band as a part of the allocated UL transmission bandwidth.

Proposal 5:  Update MPR tables (at least Table 6.2.2-1) in TS 38.101-1. 
· In order to minimize the specification complexity, it makes sense to consider definition of the current RB regions (Edge/Outer/Inner) as the starting point.

Proposal 6:  Extend the power boost solution defined for pi/2 BPSK also for QPSK modulation. 

Proposal 7:  Define ACLR requirement according to power class also with power boost.

	R4-2218857
	vivo
	Proposal 1: Postpone the detailed study of RF requirements impact on current stage unless needed by evaluation, till more progress can be made for scheme selection.
Proposal 2: Preliminary impact areas can be briefly discussed and set for next stage preparation.
Proposal 3: Confirm ACLR needed for evaluation.
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Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions..

Sub-topic 4-1
For R4-2218857, the proposal 1 and 2 look reasonable given that RAN4 hasn’t agreed any specific feature(s) introduction.
For R4-2218248, most of the proposals wouldn’t be urgent to be agreed while it must be essential to agree with IBE requirement handling for FDSS w SE.
A common issue mentioned in both R4-2218857 and R4-2218248 is about handling of ACLR and it must be essential to agree with this aspect.
Issue 4-1-1: IBE requirement for FDSS w SE
· Proposal: Consider excess band as a part of the allocated UL transmission bandwidth
· Option 1: YES
· Option 2: NO
· Recommended WF
· Agree with the proposal as it is.

Discussion:

Issue 4-1-2: ACLR handling
· Proposal: Define ACLR requirement according to power class also with power boost, e.g., if power class 3 is boosted and to be equivalent to power class 2, the ACLR of power class should apply.
· Option 1: YES
· Option 2: NO
· Recommended WF
· Agree with the proposal as it is.

Discussion:

Sub-topic 4-2
Sub-topic description: Proposal by R4-2218044 looks very specific to a case (0 MPR waveforms), where some subset of inner waveforms for DFT-s-QPSK can transmit at a power boost level of ~ 1 dB, relative to the nominal power class expectation. And the proposed handling looks different from powerBoosting-pi2BPSK handling (i.e., the upper bound is increased by 3 dB, then, MPR is considered as reference of 26 dBm) since this proposal looks similar to higherPowerLimit-r17, i.e., the basis is still PC3 and allow UE to transmit higher power than the declared power class, i.e., no MPR. Moderator agrees with somehow the upper bound is loosen if this concept is introduced while there may need more specific discussion is needed, e.g., we may see the same discussion as power high limit, i.e., if the lower bound is not increased, any UE can declare to support this feature etc….
Issue 4-2-1: Power boost handling for a case, where some subset of inner waveforms for DFT-s-QPSK can transmit at a power boost level of ~ 1 dB, relative to the nominal power class expectation
· Proposals: RAN4 to loosen (increase) the upper-bound of the configured power inequality (PCMAX,H) to enable FR1 UEs to increase their max. UL power for coverage enhancement
· Option 1: YES
· Option 2: NO
· Recommended WF
· RAN4 to further discuss a way to loosen (increase) the upper-bound of the configured power inequality (PCMAX_H,f,c) to enable FR1 UEs to increase their max. UL power and associated requirements if any for 0 MPR waveform meaning that some subset of inner waveforms for DFT-s-QPSK can transmit at a power boost level of ~ 1 dB, relative to the nominal power class expectation.
· It’s noted that the above doesn’t mean that the introduction of the concept is agreed. 
Discussion:

Topic #5: non-Transparent schemes
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218239
	Nokia, Nokia Shanghai Bell
	Observation 1: Transmitter performance varies with the allocation size in 20 MHz channel: small allocations benefit for larger extension than larger allocations.
Observation 2: Less aggressive filters provide good performance especially for inner RB regions and small RB allocations. On the other hand, more aggressive filter provides the smallest MPR for outer RB allocations and larger RB allocations.
Observation 3: Non-transparent schemes outperform transparent schemes at least in terms of the amount of MPR reduction 
Observation 4: For similar FDRA, OBO behaviour is very similar between different SCSs.
Observation 5: Transmitter performance varies with the allocation size in 100 MHz channel: small allocations benefit for larger extension than larger allocations.
Observation 6: Up to 1.5 dB lower MPR can be obtained with respect to legacy DFT-s-OFDM in both 20 MHz and 100 MHz channels.
Observation 7: From the transmitter point of view, tone reservation does not offer gains with respect to FDSS with spectral extension for QPSK modulation and DFT-s-OFDM.
Observation 8: Higher order modulations (than QPSK) may benefit from tone reservation over FDSS from the transmitter point of view.
Observation 9: Pi/2 BPSK FDSS with SE does not provide gain compared to pi/2 BPSK FDSS without SE.

	R4-2218879
	vivo
	Observation 1: For pi/2 BPSK, FDSS with spectrum extension provides no or minor additional power boost gain compared with FDSS without spectrum extension.
Observation 2: For QPSK, ‘FDSS with spectrum extension’ can improve power boosting to some extent compared with ‘FDSS without spectrum extension’.
Observation 3: For 	QPSK, ‘FDSS with spectrum extension with copying data’ has higher power boost gain than ‘FDSS with spectrum extension without copying data’.
Observation 4: The extension/reservation factor (α) can affect the power boost gain, raising the value of α within a certain range is beneficial.
Observation5: The filter coefficient can affect the power boost gain: higher filter coefficient can improve ACLR performance, while lower filter coefficient is more beneficial to EVM performance.
Proposal 1: For pi/2 BPSK, the necessity of FDSS with spectrum extension should be further evaluated.
Proposal 2: With the price of extending more PRBs, FDSS with spectrum extension is beneficial to power boosting for QPSK.
Proposal 3: If considering the FDSS with spectrum extension scheme, it may be necessary to reconsider the division of RB region, including the definition of inner, outer and edge allocation range.
Proposal 4: The extension/reservation factor (α) should be limited to a certain range, and different ranges for (α) should be set according to different modulation methods, different RB allocations, different filter coefficient, etc.

	R4-2219796
	Ericsson
	Observation 1 The same MPR reduction gain with transparent scheme is assumed for non-transparent scheme, assuming that RB size is the UE transmits RB not the allocated RB.
Observation 2 Excess band information helps receiver to reduce the SNR increase for FDSS-SE [0.28 1 0.28]
Observation 3 The SNR increase is more apparent for FDSS-SE[1 0.28] and FDSS RRC for higher MCS than lower MCS.
Observation 4 Spectrum expansion schemes do not tend to improve performance, and may result in net losses at higher code rates
Proposal-1:Further discuss how to treat RF requirement for the excess band for RF simulation
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Open issues summary
First of all, it was agreed that the outcome of the simulation result is not discussed at least in this meeting.
For pi/2 BPSK, two t-docs have similar observations on pi/2 BPSK FDSS w SE(Observation 9 in R4-2218239 and Observation 1 in R4-2218879), i.e., pi/2 BPSK FDSS w SE has no gain compared to pi/2 BPSK FDSS w/o SE. 
For QPSK, two t-docs have similar observations that QPSK FDSS w SE has gain compared to QPSK FDSS w/o SE. R4-2219796, however, concludes that QPSK FDSS w SE has no net gain(moderator assumes that the provided data is not pi/2BPSK, but rather QPSK). Since R4-2219796 doesn’t show how much MPR reduction is made, it would be beneficial for the company to share the result for information if possible to proceed with the discussion in the next meeting.
Sub-topic 4-1: Handling of pi/2 BPSK FDD w SE
Sub-topic description: given that two t-docs show the same observation, it may be beneficial to simply ask if RAN4 concludes that no more discussion on pi/2 BPSK FDSS w SE or not. It’s noted that in order to respect the agreement that no discussion in this meeting on non-transparent scheme, hence, if there is an negative feedback, the discussion must be closed.
Open issues and candidate options before f2f meeting:
Issue 4-1: Handling of pi/2 BPSK FDD w SE
· Proposal
· For pi/2 BPSK, the necessity of FDSS with spectrum extension should be further evaluated. 
· Recommended WF
· No more discussion on pi/2 BPSK FDSS w SE

