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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
This summary handles the Tdocs submitted for agenda: 
· 9.26.2.1 - General and work plan for Enhancement to reduce MPR/PAR
· 9.26.2.2 - RF simulation parameters
· 9.26.2.3 - RF simulation results for transparent schemes	
· 9.26.2.4 - RF simulation results for non-transparent schemes 	
· 9.26.2.5 - RF specification impact
List of candidate target of discussions for this topic. 
1. Aim at obtaining additional agreements on scoping of the WI objectives and RF simulation parameters as the 1st priority.  Simulation results can be used as complementary tools for this purpose.
2. Focus on the content of an LS received from RAN1 (R1-2212917/R4-2300007) and potential impact to the RAN4 work, if any.
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

	R4-2301762
	Huawei, HiSilicon
	Observation 1: For pi/2-BPSK with DFT-s-OFDM waveform, FDSS with SE only provides very limited or even negative performance gain comparing to FDSS w/o SE. 
Observation 2: The MPR gain from FDSS w/o spectrum extension operation is very limited or even negative comparing to the MPR performance with QPSK DFT-s-OFDM waveform.
Observation 3: With multiple combinations of FDSS filter and spectrum extension ratio, for instance 1/3, 1/4, 1/8 and 1/9, the FDSS with spectrum extension operation can provide MPR gain for inner RB allocations and also for outer RB allocations if suitable combination of FDSS filter and spectrum extension ratio could be selected based on RB allocations.
Observation 4: From coverage gain perspective, FDSS with spectrum extension can provide gain for both inner and outer RB allocations when suitable combination(s) of FDSS filter and spectrum extension ratio can be selected  
Observation 5: Cyclic shift on with symmetric extension can provide additional MPR gain compared to no cyclic shift for inner RB allocation.  
Proposal 1: In Rel-18, do not consider further coverage enhancements for pi/2-BPSK, while RAN4 could focus on QPSK.
Proposal 2: Consider FDSS with cyclic shift plus symmetric extension as the candidate solution for further coverage enhancement towards QPSK with DFT-s-OFDM waveform

	R4-2302740
	Skyworks Solutions Inc.
	Observation: The best OBO performance is 0.5dB worse in measurement than in simulation, due to heavy PA compression. With only ACLR and SEM measurements, we are not able to evaluate OBO for inner allocations. However, for outer, and edge allocations, the measured OBO vs RBstart seems aligned with simulation results. More analysis and measurements are needed to confirm these initial findings.

	R4-2301680
	Nokia, Nokia Shanghai Bell
	Observation 1: Based on the progress in both RAN1 and RAN4, the simulation parameters are well aligned between RAN1 and RAN4

Observation 2: From simulation assumptions point of view, RAN4 is ready for selecting the Rel-18 MPR/PAR reduction solution according to the agreement made in RAN4 #104bis-e 

Proposal 1: Support FDSS with spectrum extension as a solution for MPR/PAR reduction in Rel-18.

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:  Evaluate 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.

 Proposal 7:  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 QPKS (and higher).

Proposal 8: Prioritize scenarios involving spectrum extension.
Proposal 9: QPSK is the target modulation scheme for the study
· Pi/2 BPSK is not considered 
· Modulation orders higher than QPSK are not considered.

	R4-2302421
	Ericsson
	Observation 1 It is not clear from RAN4 specification whether PRACH symbol is included in Uplink symbols for evaluation of the P-MPR in UE.
Proposal-1:RAN4 further discuss P-MPR setting for PRACH transmission for multiple PRACH feature.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1: Modulation order
Sub-topic description:
At previous meetings clarification of modulation order have been discussed and as conveyed to RAN1, RAN4 agreed to focus on pi/2 BPSK and QPSK. At this meeting it is, again, proposed in R4-2301762 to further down-scope and not consider pi/2 BPSK and only focus on pi/2 QPSK. Considering the submitted contributions listed under Topic #2, it may be difficult to agree to exclude pi/2 BPSK from the study. Further, it is by a company also suggested that pi/2 BPSK can be used as reference/baseline schemes for evaluations. However, given repeated proposals and presented results it can be discussed if we can agree with focusing QPSK as targeted modulation for further coverage enhancements.
Open issues and candidate options before meeting:
Issue 1-1: Targeted Modulation Order
· QPSK is the targeted modulation for further coverage enhancements
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA
Sub-topic 1-2: Candidate solution for further coverage enhancements
Sub-topic description 
This sub-topic related to Proposal 2 of R4-2301762 and Proposal 6/7 of R4-2301680. It is the understanding of the moderator that RAN1 make the final decision on candidate solution for further coverage enhancements and RAN4 already have agreed to include the proposed solutions in the evaluation. However, if some further discussions are still needed within RAN4 it is suggested in relation to the evaluation results. It can also be noted that the agreement made in RAN4#104bis stated that: “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”. 
Issue 1-2-1: Candidate solution for further coverage enhancements
· The candidate solutions for MPR/PAR reduction are those included in the WID
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· No further discussion in relation to the scope of the WI.
As an extension to this discussion is Proposal 8 of R4-2301680. Here it is proposed that priority to the candidate solutions including spectrum extension shall be prioritized.
Issue 1-2-2: Priority of the candidate solution for further coverage enhancements
· RAN4 shall prioritize evaluation of candidate solution for further coverage enhancements including spectrum extension
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA
This issue relates to Proposal 1 of R4-2301680 and Proposal 2 of R4-2301762. To the understanding of the moderator it is up to RAN4 to conclude if solutions with spectrum extension can be considered as a solution for MPR/PAR reduction in Rel-18, as conveyed by the RAN1 LS [R1-2210674].
Issue 1-2-3: Including candidate solution for further coverage enhancements
· RAN4 shall support FDSS with spectrum extension as a solution for MPR/PAR reduction in Rel-18
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA
Sub-topic 1-3: Applicability to FR1 and/or FR2
Sub-topic description 
This sub-topic related to Proposal 4 of R4-2301680. It is the understanding of the moderator that RAN4 in the approved WF at RAN4#104bis (R4-2217745) already have agreed that some aspects are applicable to both FR1 and FR2 while RAN4 should prioritizes FR1. The question is then if RAN4 can agree also to evaluate both FR1 and FR2 scenarios.
Open issues and candidate options before meeting:
Issue 1-3: Include FR2 scenarios to the evaluation
· Shall RAN4 evaluate both FR1 and FR2 scenarios. With the understanding that FR1 is prioritizes.
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA
Sub-topic 1-4: Miscellaneous
Sub-topic description:
This sub-topic handles proposal 2, 3 and 5 in R4-221680. These three aspects have previously been captured as FFS in the approved WF at RAN4#104bis (R4-2217745). 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. It is noted that similar moderator proposal was made at RAN4#105 with no conclusion (i.e. the three listed aspects can be considered out of scope).
Issue 1-4 : 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
· Agree the above proposals.
Sub-topic 1-5: Extension of the RAN4 WI Scope
Sub-topic description 
This sub-topic related to Proposal 1 of R4-2302421. It is the understanding of the moderator that this proposal would extend the scope for RAN4 of the WI since the proposed aspect is not currently listed as an objective with impact to RAN4 in the WID.
Open issues and candidate options before meeting:
Issue 1-5: Extension of the RAN4 WI Scope
· RAN4 shall further discuss P-MPR setting for PRACH transmission for multiple PRACH feature.
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· No discussion on this issue since, the matter can be raised at RAN.

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

	R4-2301514
	vivo
	Observation 1: Considering the RB resources and the impact on power enhancement, the value of α should not be too large.
Proposal 1: For pi/2 BPSK, considering excess band as a part of the allocated UL transmission bandwidth for IBE.
Proposal 2: Combine MPR from RF simulation and SNR from LLS simulation to define net gain.

	R4-2301681
	Nokia, Nokia Shanghai Bell
	Observation 1: Fair comparison requires that total number of RBs (= inband RBs + excess band RBs) does not vary according to extension factor.

Proposal 1: Consider the following extension factors in evaluations
· a = 0 (reference)
· a = 0.25 (baseline)
· a = 0.125
· a = 0.375

Proposal 2: Simulation cases include [16, 32, 64, …, NRB] RBs

Proposal 3: Sweep the allocated RBs over the whole carrier

	R4-2302422
	Ericsson
	Proposal-1:RAN4 further discuss what simulation parameter should be aligned.

	R4-2300710
	Qualcomm Incorporated
	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: Truly 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 awareness or explicit enabling by the network.
Observation 3: The standards framework precludes FR1 UEs from transmitting UL at power levels that exceed the nominal expectation for any power class (ignoring tolerances).
Proposal 1: 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.
Observation 4: For transparent techniques, all the Tx enhancement translates directly into a link enhancement.
Observation 5: Transparent waveforms, due to their lack of receiver desensitization have no realistic limit to allocation sizes and MCS.
Observation 6: Transparent peak cancellation can enhance link performance for all inner waveforms, depending on degree of power boost available.

Observation 7: Transparent peak cancellation can enhance link performance for some outer waveforms, due to not needing any backoff (MPR).

Proposal 2: Link-level benefits for non-transparent techniques must be first compared to what is possible using transparent techniques.

	R4-2302648
	Qualcomm Incorporated
	Observation 1: The legacy DFT-s-QPSK waveform itself can support power boost in the PA for inner waveforms and reduced need for MPR for some outer waveforms.
Proposal 1: The baseline waveform is a legacy waveform occupying the same RBs as an advanced waveform with an MCS independently adjusted to achieve the same nominal throughput as the advanced waveform.
Observation 2: Higher MCS waveforms that employ BWE suffer from large desensitization at the gNB receiver, and are not suitable for use.
Observation 3: Low MCS waveforms are limited to narrower allocations to preserve system UL spectrum efficiency.
Proposal 2: Owing to receiver desensitization for high MCS, BWE is limited to allocations that span < 25% channel BW.
Observation 4: A UE that uses BWE+nontransTR can boost UL power for low MCS inner waveforms. The amount of boost depends on BWE. 
Observation 5: Link benefit using BWE+non-transTR is available for low MCS, narrow RB allocation inner waveforms if the PA can be boosted. Benefit depends on boost.

Observation 6: A UE that uses BWE+ raised cosine FDSS can boost UL power for most low MCS waveforms that are practical. The amount of boost depends on BWE. 

Observation 7: Link benefit using BWE+FDSS is available for low MCS, narrow RB allocation inner and most of the narrow RB allocation outer waveforms. Inner waveforms benefit if the PA can be boosted. Narrow outer waveforms benefit by not needing backoff.

Proposal 3: Link-level benefits for non-transparent techniques must be first compared to what is possible using transparent techniques.

Proposal 4: For waveforms with BWE, the EVM calculator performs MRC combining across all duplicated tones and retains legacy methodology for the unique tones. The EVM calculator remains unaware of the FDSS profile implemented by the UE.

Proposal 5: For waveforms with BWE, the IBE mask can remain unchanged from legacy. 

	R4-2300342
	Apple
	Observation 1: The spectrum extension creates excess power which might not be utilised by a conventional receiver (which only considers the in-band portion of the signal) and therefore reduces the perceived power at the receiver. The power loss is strongly dependent on shaping filter and extension factor and might need to be reflected in net-gain analysis. No loss would be expected if the base station uses the extension during demodulation process.
Proposal: For the net-gain equation with spectrum extension the assumption for demodulation should be clarified to determine whether the base station is expected to utilise the extension for improving receiver performance or not.
Observation 2: Spectrum extension with 25% provides a clear performance boost for OBO compared to zero spectrum extension. Performance boost for edge allocations might be limited in some cases.
Observation 3: For large allocations the more aggressive filter displays an advantage over the less aggressive filter. For smaller allocations both filters offer almost the same performance.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1: IBE for pi/2 BPSK for FDSS-SE
Sub-topic description:
This sub-topic relates to Proposal 1 of R4-2301514 and Proposal 5 in R4-2302648. Here it is proposed to consider the excess band as a part of the allocated UL transmission bandwidth for IBE for pi/2 BPSK. In other word the IBE mask is unchanged.
Issue 2-1: Excess band for pi/2 BPSK
· RAN4 shall consider the excess band as a part of the allocated UL transmission bandwidth for IBE for pi/2 BPSK
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA
Sub-topic 2-2: Spectrum extension factor (α) to be considered
Sub-topic description 
This sub-topic relates to Proposal 1 of R4-2301681. Here it is proposed to consider the extension factor (α) at four fixed values:
· a = 0 (reference)
· a = 0.25 (baseline)
· a = 0.125
· a = 0.375
It is by the moderator noted that RAN at RAN4#105 agreed a range of 0 to 0.375, and that could be further limited. However, it seems the listed values above are already quite well aligned to the presented simulation results.
Issue 2-2: Extension factor (α)
· RAN4 to consider the spectrum extension factor (α) as; 0 (reference), 0.25 (Baseline), 0.125 and 0.375.
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· No further discussion seems necessary.
Sub-topic 2-3: RB resources to be considered
Sub-topic description 
This sub-topic relates to Proposal 2 and 3 of R4-2301681. Here it is proposed to consider the number of RBs for the simulations as 16, 32, 64, … : NRB  across the whole carrier bandwidth. It is noted by the moderator that the used number of RB values, as listed above, are already quite well aligned to the already presented simulation results

Issue 2-3-1: Number of RBs
· RAN4 shall consider the number of RBs for the simulations as 16, 32, 64, … : NRB  across the whole carrier bandwidth
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· No further discussion seems necessary.
This sub-topic relates to Proposal 2 of R4-2302648. Where it is argued that the maximum possible BW (i.e. number of RBs per SCS etc.) is constraint by the receiver. 
Issue 2-3-2: Maximum possible BW
· The upper bound of the number of RBs to be considered shall be discussed considering receiver desensitization
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA.

Sub-topic 2-4: Net gain definition
Sub-topic description: 
This sub-topic relates to Proposal 2 of R4-2301514, Proposal 1 of R4-2300342 and previous discussions at RAN4#105. As commented by the moderator at previous meeting this seem not to be something new and we would be able to reuse the definition which have been used by at least two companies in TR38.868.
Issue 2-4: Definition of net gain 
· The definition of net gain shall combine OBO impact based on RF simulation and SNR degradation (10% BLER) based on LLS simulation.
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA
[bookmark: _Hlk128124127]Sub-topic 2-5: Power-Boosting 
Sub-topic description:
[bookmark: _Hlk128045915]This sub-topic relates to Proposal 1 and 2 of R4-2300710 and Proposal 3 of R4-2302648. These proposals indicates that the comparable power gain needs to account for possible power boosting. It is by the moderator not fully understood if the intention is to add or subtract the achievable power boost gain in the comparison.
Issue 2-5: Power boost gain
· RAN4 shall consider the possible power boosting gain and discuss how this is to influence any conclusion on achievable gain for the transparent versus non-transparent techniques.
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA
Sub-topic 2-6: Miscellaneous
Sub-topic description:
This sub-topic handles proposal 1 and 4 in R4-2302648. These aspects may have impact on the simulation results but have not currently been aligned. 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 are left open. 
Issue 2-6 : Miscellaneous
· Proposals
· The baseline waveform is a legacy waveform occupying the same RBs as an advanced waveform with an MCS independently adjusted to achieve the same nominal throughput as the advanced waveform
· For waveforms with BWE, the EVM calculator performs MRC combining across all duplicated tones and retains legacy methodology for the unique tones. The EVM calculator remains unaware of the FDSS profile implemented by the UE.
· Recommended WF
· TBA.

Topic #3: RF simulation results for 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

	R4-2300341
	Apple
	Observation 1: The MPR/A-MPR simulations typically do not cover all impairments of the Tx chain. The main impairments are power amplifier non-linearity and IQ image. Other aspects such as transmitter chain non-linearity and phase noise for sub-6 GHz are typically not modelled. Leaving room for those additional factors is necessary as OBO enhancement is achieved via spectrum shaping techniques which typically limits the waveforms with respect to EVM or IBE. Incorporating this aspect, a reduced EVM limit of 14.2% is used.
Observation 2: In case of no spectrum extension the filter [1 0.28] provides almost the same performance for inner allocations as the filter [0.335 1 0.335]. For outer allocations the filter [1 0.28] performs worse.
Observation 3: The filter [0.28 1 0.28] performs better than [0.335 1 0.335] for inner allocations. The latter filter has slight advantage for outer allocations.  

	R4-2300710
	Qualcomm Incorporated
	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: Truly 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 awareness or explicit enabling by the network.
Observation 3: The standards framework precludes FR1 UEs from transmitting UL at power levels that exceed the nominal expectation for any power class (ignoring tolerances).
Proposal 1: 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.
Observation 4: For transparent techniques, all the Tx enhancement translates directly into a link enhancement.
Observation 5: Transparent waveforms, due to their lack of receiver desensitization have no realistic limit to allocation sizes and MCS.
Observation 6: Transparent peak cancellation can enhance link performance for all inner waveforms, depending on degree of power boost available.

Observation 7: Transparent peak cancellation can enhance link performance for some outer waveforms, due to not needing any backoff (MPR).

Proposal 2: Link-level benefits for non-transparent techniques must be first compared to what is possible using transparent techniques.

	R4-2301515
	vivo
	Observation 1: Power gain from FDSS without spectrum extension (compared to reference waveform without filter) is typically less than 1.5 dB.
Observation 2: For QPSK modulation, transparent schemes provide smaller gain than non-transparent schemes.
Observation 3: For QPSK with 3-tap filter, FDSS without SE to increase power boost is more effective for lager RBs to some extent.

	R4-2301682
	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: The two-taps filter [1 0.28] requires higher OBO than the three-taps filter [0.335 1 0.335] or TRRC filter.
Observation 3: When compared to non-transparent schemes (in [5]), it can be noted that non-transparent schemes outperform transparent schemes with a clear margin. 
Observation 4: Furthermore, as shown in [5], transparent schemes don’t provide net gain with QPSK (in other words, OBO gain < Rx loss).
Observation 5: For similar FDRA, OBO behaviour is very similar between different SCSs.
Observation 6: There are no major differences in OBO performance between 20 MHz CBW and 100 MHz CBW cases.
Observation 7: Non-transparent schemes outperform transparent schemes with a clear margin in FR2.

	R4-2302424
	Ericsson
	Observation 1 For DFT-s-OFDM and QPSK, at least 0.5 dB gain can be achieved for outer allocation without power boosting. With power boosting, around half to 1 dB gain can be achieved for outer allocation.
Observation 2 There is 0.3 dB SNR loss for MCS index 0 and around 0.4 dB SNR loss for higher MCS index 6.
Observation 3 For inner RB allocation, there is no net gain for smaller RB size with or without power boosting.
Observation 4 For inner RB allocation for bigger RB size and without power boosting, there is 0.5 dB to 1 dB net gain for lower MCS , the net gain is diminishing for higher MCS.
Observation 5 For inner RB allocation for bigger RB size and with power boosting, there is 0.5 dB to 1.7 dB net gain for lower MCS , the net gain is compressed to 0.5 dB to 1 dB for higher MCS.
Observation 6 For outer RB allocation without power boosting, the net gain is between 0.5 dB to 1 dB for lower MCS. For higher MCS index (MCS 6), the net gain is compressed to from no gain to around 0.2 dB
Observation 7 For outer RB allocation with power boosting and for lower MCS index, the net gain can be up to 0.5 dB to 1.7 dB but will be compressed to around 0.5 dB for higher MCS index.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1: Initial simulation results for transparent schemes
Sub-topic description:
RF simulation results have been presented from multiple companies. Based on the presented results some general observation can be made:
1. Power gain from transparent schemes (compared to the case without filter) is typically around 1 dB
2. The largest power gain from transparent schemes (compared to the case without filter) is achieved only for the largest RB allocations. For smaller RB allocations the power gain is significant lower.  
3. Power gain from non-transparent schemes with QPSK outperforms transparent schemes in terms of MPR reduction.
4. Power boosting could be beneficial in certain cases to take the full power gain benefit from transparent schemes (compared to the case without filter)
Issue 3-1: : Simulation results for transparent schemes
· It is proposed to capture the above general observations in a WF
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA
Topic #4: RF simulation results for 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

	R4-2300342
	Apple
	Observation 1: The spectrum extension creates excess power which might not be utilised by a conventional receiver (which only considers the in-band portion of the signal) and therefore reduces the perceived power at the receiver. The power loss is strongly dependent on shaping filter and extension factor and might need to be reflected in net-gain analysis. No loss would be expected if the base station uses the extension during demodulation process.
Proposal: For the net-gain equation with spectrum extension the assumption for demodulation should be clarified to determine whether the base station is expected to utilise the extension for improving receiver performance or not.
Observation 2: Spectrum extension with 25% provides a clear performance boost for OBO compared to zero spectrum extension. Performance boost for edge allocations might be limited in some cases.
Observation 3: For large allocations the more aggressive filter displays an advantage over the less aggressive filter. For smaller allocations both filters offer almost the same performance.

	R4-2301516
	vivo
	Observation 1: For pi/2 BPSK, FDSS with spectrum extension provides minor or no additional power boost gain compared with FDSS without spectrum extension.
Observation 2: Considering the RB resources and the impact on power enhancement, the value of α should not be too large.
Observation 3: For QPSK, ‘FDSS with SE’ can improve power boosting to some extent compared with ‘FDSS without SE’.
Observation 4: For QPSK, ‘FDSS with SE with copying data’ generally has higher power boost gain than ‘FDSS with SE without copying data’.
Proposal 1: With the price of extending more RBs, FDSS with spectrum extension is beneficial to power boosting for QPSK.
Proposal 2: 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.

	R4-2301683
	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.

	R4-2302423
	Ericsson
	Observation 1 For DFT-s-OFDM and QPSK and inner allocation without power boosting, 0.5 dB again of MPR can be achieved for bigger RB size. With power boosting, around 1 dB gain can be achieved for inner allocation.
Observation 2 For DFT-s-OFDM and QPSK and outer allocation without power boosting, most schemes can achieve at least 0.5 dB gain compared to baseline. With power boosting, the gain still around 1.5 dB.
Observation 3 There is 0.6 dB SNR loss for lower MCS index  and  and around 1.6 dB SNR loss for higher MCS index 6.
Observation 4 For inner RB allocation, there is no net gain for smaller RB size with or without power boosting.
Observation 5 For inner RB allocation for bigger RB size and without power boosting, there is 0.5 dB to 1 dB net gain for lower MCS , the net gain is diminishing for higher MCS.
Observation 6 For inner RB allocation for bigger RB size and with power boosting, there is 1 dB to 2 dB net gain for lower MCS , the net gain is compressed to 0.2 dB to 1 dB for higher MCS.
Observation 7 For outer RB allocation without power boosting, the net gain is between 0.5 dB to 1 dB for lower MCS. For higher MCS index (MCS 6), the net gain is compressed to from no gain to negative gain.
Observation 8 For outer RB allocation with power boosting and for lower MCS index, the net gain can be up to 0.8 dB to 2 dB but will be compressed to around 0.5 dB for higher MCS index.

	R4-2302648
	Qualcomm Incorporated
	Observation 1: The legacy DFT-s-QPSK waveform itself can support power boost in the PA for inner waveforms and reduced need for MPR for some outer waveforms.
Proposal 1: The baseline waveform is a legacy waveform occupying the same RBs as an advanced waveform with an MCS independently adjusted to achieve the same nominal throughput as the advanced waveform.
Observation 2: Higher MCS waveforms that employ BWE suffer from large desensitization at the gNB receiver, and are not suitable for use.
Observation 3: Low MCS waveforms are limited to narrower allocations to preserve system UL spectrum efficiency.
Proposal 2: Owing to receiver desensitization for high MCS, BWE is limited to allocations that span < 25% channel BW.
Observation 4: A UE that uses BWE+nontransTR can boost UL power for low MCS inner waveforms. The amount of boost depends on BWE. 
Observation 5: Link benefit using BWE+non-transTR is available for low MCS, narrow RB allocation inner waveforms if the PA can be boosted. Benefit depends on boost.

Observation 6: A UE that uses BWE+ raised cosine FDSS can boost UL power for most low MCS waveforms that are practical. The amount of boost depends on BWE. 

Observation 7: Link benefit using BWE+FDSS is available for low MCS, narrow RB allocation inner and most of the narrow RB allocation outer waveforms. Inner waveforms benefit if the PA can be boosted. Narrow outer waveforms benefit by not needing backoff.

Proposal 3: Link-level benefits for non-transparent techniques must be first compared to what is possible using transparent techniques.

Proposal 4: For waveforms with BWE, the EVM calculator performs MRC combining across all duplicated tones and retains legacy methodology for the unique tones. The EVM calculator remains unaware of the FDSS profile implemented by the UE.

Proposal 5: For waveforms with BWE, the IBE mask can remain unchanged from legacy. 



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 4-1: Initial simulation results for non-transparent schemes
Sub-topic description:
RF simulation results have been presented from multiple companies. Based on the presented results some general observation can be made:
1. Power gain from non-transparent schemes (compared to the case without filter) is typically less than 3 dB
2. The largest power gain from non-transparent schemes (compared to the case without filter) is achieved only for a wide range of RB allocations. For smaller RB allocations the power gain is significant lower.  
3. Power gain from non-transparent schemes with QPSK outperforms transparent schemes in terms of MPR reduction.
4. Power boosting is needed to take the full power gain from non-transparent schemes (compared to the case without filter).
Issue 4-1: : Simulation results for non-transparent schemes
· It is proposed to capture the above general observations in a WF
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA
Topic #2: 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

	R4-2301684
	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. Two ranges defined for pi/2 BPSK are applied for the total allocation (Inband + Excess band)

Proposal 3: Consider the following options for excess band usage:
· Option 1: UE must use the excess band, if provided by gNB
· Option 2: The usage of excess band is left for UE implementation. In this approach, if UE can meet the minimum Tx power requirement also without excess band, it can do so.

Proposal 4:  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 5:  IBE is defined as the average emission across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. This principle applies to both FR1 and FR2.

Proposal 6:  Determine EVM according to inband only. 

Proposal 7:  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 8:  Extend the power boost solution defined for pi/2 BPSK also for QPSK FDSS-SE scenario. 

Proposal 9:  Define ACLR requirement according to power class also with power boost.

	R4-2302420
	Ericsson
	Proposal-1:Transparent scheme should be further specified in RAN4 after the study phase.
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 4 Clipping scheme can meet the general spectrum flatness requirement.
Proposal-2: In case of the relaxing the spectrum flatness requirement for transparent scheme, the requirement should not be the same with Pi/2 BPSK, the exact amount could be further discussed.
Observation 5 UE “power boosting” performance should always be constrained within a PC class definition.
Proposal-3: PC2 power class reference should be used when discussing/simulating the “power boosting/negative MPR” if the boosted output power would exceed 25 dBm.

	R4-2302491
	MediaTek (Chengdu) Inc.
	Proposal 1: If power class 3 ACLR is deemed feasible for a UE transmitting 26dBm, then an ACLR of 30dB should also be considered for the Power Class 2 UE.
Observation 1: Feedback from PA vendors is needed to properly characterize the effect of PAPR reduction on Tx power improvement in an existing PA that was defined without such PAPR reduction in mind.
Proposal 2: For transparent techniques, if sufficiently feasibility is determined to justify enabling a boosted maximum Tx power, we believe that specific implementations should NOT be imposed on the UE, and the UE should have freedom to implement whichever approach it desires to achieve the gains whilst still meeting other minimum requirements. 

	R4-2300710
	Qualcomm Incorporated
	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: Truly 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 awareness or explicit enabling by the network.
Observation 3: The standards framework precludes FR1 UEs from transmitting UL at power levels that exceed the nominal expectation for any power class (ignoring tolerances).
Proposal 1: 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.
Observation 4: For transparent techniques, all the Tx enhancement translates directly into a link enhancement.
Observation 5: Transparent waveforms, due to their lack of receiver desensitization have no realistic limit to allocation sizes and MCS.
Observation 6: Transparent peak cancellation can enhance link performance for all inner waveforms, depending on degree of power boost available.

Observation 7: Transparent peak cancellation can enhance link performance for some outer waveforms, due to not needing any backoff (MPR).

Proposal 2: Link-level benefits for non-transparent techniques must be first compared to what is possible using transparent techniques.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 5-1: RF specification impacts for Transparent schemes 
Sub-topic description:
This sub-topic handles proposal 1 in R4-2301684 and R4-2302420 as well as Proposal 2 in R4-2302491. Since the transparent schemes per definition is not intended to modify the current specification, it is proposed to stop further discussion on specification impact for the transparent schemes or at least postpone it to a potential work-item phase. It is however understood by the moderator that even for the transparent schemes aspects spectrum flatness and possible as power boosting may need to be addressed.
Issue 5-1: RF specification impacts for Transparent schemes
· No further discussion on RF specification impacts for Transparent schemes in SI phase in Rel-18. With the exception of spectrum flatness and possible as power boosting.
(This does not preclude RAN4 other specification impact for Transparent schemes)
· In case of the relaxing the spectrum flatness requirement, the requirement should not be the same with Pi/2 BPSK, the exact amount could be further discussed
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA
Sub-topic 5-2: RF specification impacts for non-Transparent schemes
Sub-topic description:
This sub-topic handles Proposal 2-8 in R4-2301684 and Proposal 2 in R4-23002420. These aspects may have impact on the specification. 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 are left open.
Issue 5-2: RF specification impacts for non-Transparent schemes
· Proposals
· Update spectral flatness requirements in TS 38.101-x to cover FDSS with spectrum extension with QPSK modulation
· Two ranges defined for pi/2 BPSK are applied for the total allocation (Inband + Excess band)
· In case of the relaxing the spectrum flatness requirement, the requirement should not be the same with Pi/2 BPSK, the exact amount could be further discussed
· Consider the following options for excess band usage:
· Option 1: UE must use the excess band, if provided by gNB
· Option 2: The usage of excess band is left for UE implementation. In this approach, if UE can meet the minimum Tx power requirement also without excess band, it can do so.
· 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)
· IBE is defined as the average emission across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. 
· This principle applies to both FR1 and FR2.
· Determine EVM according to inband only.
· 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
· Extend the power boost solution defined for pi/2 BPSK also for QPSK FDSS-SE scenario.
· Define ACLR requirement according to power class also with power boost.
Recommended WF
· TBA

[bookmark: _Hlk128124251]Sub-topic 5-3: Upper-bound of the configured power (ink. PC and Power Boosting)
Sub-topic description:
This sub-topic handles Proposal 1 in R4-2300710 and R4-2302491 as well as Proposal 3 in R4-23002420. The proposals include either an increase of allowed configured power by the UE (Power Boosting) and/or also consider high-power UEs (i.e. PC2). 
Issue 5-3-1: Upper-bound of the configured power
· RAN4 shall discuss an increase of allowed configured power by the UE (Power Boosting)
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA
Previous RAN4 agreements is to consider PC3 for power boosting. 
Issue 5-3-2: High-power UEs
· RAN4 shall consider high-power UEs (i.e. PC2) as reference for PC3 power boosting
· Option 1: Agree
· Option 2: Do not agree
· Recommended WF
· TBA

