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1	Introduction
The Rel-18 work on further NR coverage enhancements [1] includes study for power domain enhancements of UE transmissions: 
· Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)

Furthermore, the work split among RAN1 and RAN4 was agreed as follows (from RAN1 perspective) [2]:
Agreement
The following work split principles will be adopted in RAN1 for power domain enhancement throughout Rel-18 from RAN1 perspective and send LS to RAN4 in this meeting:
· RAN1 performs link level simulations of candidate solutions for power domain enhancements to study at least the SNR variation, PAPR/CM, and EVM, brought by each solution.
· Transparent MPR/PAR reduction solutions can be considered as a benchmark for studying the performance of non-transparent solutions.
· RAN1 is not expected to perform RF simulations of candidate solutions for power domain enhancements
· Results of RF simulations can be included in RAN1 contributions
· RAN1 will assess RAN1 specification impact of candidate MPR/PAR reduction solutions
· A list of candidate solutions, including necessary parameters, from RAN1 perspective should be ready before the end of RAN1 #111, and should be included in an LS to RAN4.
· RAN1 understands that RAN4 is responsible for selecting the Rel-18 MPR/PAR reduction solution, if any.

While the original target for RAN4 decisions on power domain enhancements was RAN4#106bis, RAN4 was unable to conclude on MPR reduction by RAN4#107.  Consequently, if MPR reduction schemes are to be specified in Rel-18, this deadlock needs to be broken in RAN#100.
Since discussions in RAN1 and RAN4 are somewhat different, in this contribution, we consider the performance evaluations of MPR reduction schemes done in both RAN1 and RAN4, and potential specification impacts for both these WGs.  Given these evaluations and potential specification impacts we then proposal a way forward. 
Another objective (copied below) in Rel-18 work on further NR coverage enhancements is about dynamic waveform switching. There is continuing debate on whether to support an enhancement to assist gNB to determine when to switch waveforms for dynamic waveform switching that relates to the work item scope. We elaborate on the open issues and propose a resolution to the debate. 
	· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



[bookmark: _Ref178064866]2	MPR reduction
One key aspect for the MPR reduction investigations is where to set the maximum power of the PA, as this sets an upper bound on the amount of MPR reduction.  A zero dB MPR is where the UE transmits at its rated power for the power class.  It can be possible to transmit with negative MPR, but because such ‘boosted’ transmissions are above the rated power of the UE, their feasibility requires careful consideration.  Although how such boosting can be supported is still being discussed in RAN4, we present results in the following sections on the performance of schemes assuming boosting is used, since it has been found that boosting is needed for MPR reduction schemes to provide notable gains [3].  
Boosting improves the performance of MPR/PAR reduction schemes substantially
As discussed above, RAN1 and RAN4 had different perspectives on how to evaluate MPR reduction schemes. While there was substantial overlap in the investigations, RAN1 typically looked more broadly into PUSCH configurations, including more bandwidths, starting RBs, code rates, etc, than RAN4. RAN4 focused on RF simulations and considered impacts on the performance requirements, whether power boosting is needed, which power classes could be supported, etc.
In the next two sections, we consider the RAN1 and RAN4 investigations, respectively.
2.1 RAN1 investigations
2.1.1 Performance of schemes
Results in this section are given for 100 MHz system bandwidths operating at 4 GHz carrier frequency with QPSK modulation.  FDSS-SE used a 3 tap ([0.335 1 0.335]) spectrum shaping filter. The clipping schemes truncate the waveform 2 dB above the average power, after analog filtering. Further simulation parameters are given in the Appendix.
In Figure 1, we present results for the net gains of clipping with and without PRB adjustment on the top left and right plots, respectively, while the bottom left plot is for FDSS-SE, while the bottom right shows the gains of FDSS-SE over clipping when scheduling approach #2 is used. From the bottom left curve, we see that when boosting is used for FDSS-SE at this low code rate, it can have gains of up to 2.5 dB or more over the baseline scheme for edge PRBs, especially for large allocations.  
Comparing the gains of FDSS-SE to clipping without PRB adjustment, we find that gains can be as high as roughly 2 dB in narrow portions of the outer PRBs, but on the other hand there is no gain, or a slight loss for the inner PRBs.  
Considering the bottom right plot, we see that when PRB adjustment is used, the gains of FDSS-SE over clipping diminish or disappear for most regions.  FDSS-SE retains notable gains on the order of 1-1.5 dB for the highest bandwidth allocations (200 PRBs or more), and some gains of 0.5-1 dB remain generally along the edge of the band for 125-200 PRB allocations.  Below 125 PRBs, there are a few isolated points of up to 0.5 dB gain, but the majority of points have losses around 0.5 dB, and a few locations with a dB or more.
[image: ][image: ]
[image: ][image: ]
[bookmark: _Ref136457225]Figure 1: Net SNR gains for DFT-S-OFDM QPSK with boosting for clipping with or without PRB adjustment and for FDSS-SE at code rate 0.1 vs. allocation location and size
When boosting is used for FDSS-SE, it can have maximum gains of roughly 2 dB for narrow portions of edge PRBs at low code rate, when compared to clipping with the same bandwidth and code rate, but no gain or a small loss in the inner PRBs.  However, if FDSS-SE is compared to clipping with a similar MCS and TBS size but smaller bandwidth, and clipping is shifted away from the band edge, the gains of FDSS-SE are substantially smaller and isolated.  Gains are limited to the very largest allocations or particular locations in edge PRBs, and losses are found for inner PRBs.
In Figure 2, we present results for the same conditions above (including boosting), except where a code rate of 0.4 is used. The net gains of clipping without PRB adjustment are on the left while rightmost plot is for FDSS-SE. At this higher code rate, clipping shows similar gains as the lower code rate, while FDSS-SE has substantially reduced gain of at most 1 dB or so, and around a dB loss on many of the inner PRBs.  
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[bookmark: _Ref136457398]Figure 2: Net SNR gains for DFT-S-OFDM QPSK for FDSS-SE at code rate 0.4 vs. allocation location and size
At high code rate, the gains of FDSS-SE vs. clipping with the same bandwidth and code rate are quite limited at edge PRBs, and there are losses of around a dB for many of the inner PRBs.

Given that the relative performance of schemes varies with the code rate and number of PRBs, it is important to identify how often the combinations of code rate and PRBs occurs.  In Figure 3 below, we provide system simulation results for spectral efficiency and the number of allocated PRBs for an example using a 500m UMa scenario with 100 MHz system bandwidth, DDDSU TDD slot configuration, and an (M,N,P,Mg,Ng;Mp,Np)= (16,8,2,1,1;1,1) gNB antenna setup at 50% resource utilization.  The X axis is the CDF point of the user bitrate, i.e. the 0.05 point corresponds to 5% user bitrate observed in the system.  The left Y axis is the bits per resource element scheduled at the CDF point of the user bitrate.  The right Y axis is the number of PRBs scheduled at the (same) CDF point of user bit rate.
From the curves above, FDSS-SE begins to have gains at allocations above 125 PRBs or so, which is the red highlighted region of the plot.  FDSS-SE also requires 0.4 code rate or less QPSK, which corresponds to 0.8 bits / RE, and is shown as the blue highlighted region of the plot.  For there to be gain from FDSS-SE, at a given point on the X axis, the data point on the red curve should be in the red box, and the data point on the blue curve should be in the blue box. However, such cases where there is a large vertical spread are not observed, which means that there were no points observed in this simulation where FDSS-SE would have gain over clipping.  If the focus is on performance at the lowest bit rates, it can be observed that the 10% CDF points and lower are all less than 10 PRBs, which is where FDSS-SE tends to have a loss in the figures above.
[image: ]        Rate 0.4 QPSK or Less


125 or More PRBs

[bookmark: _Ref136457427]Figure 3: System Simulation Results for Spectral Efficiency & Allocation Size vs. Bitrate CDF Point 

The conditions with both large bandwidth allocation and low code rates needed for FDSS-SE to be beneficial may be difficult to find in system operation.  In the example scenario considered here, the code rates were high enough and the bandwidth low enough such that FDSS-SE performed worse than clipping.
2.1.2 Specification impact of schemes
The following aspects are being discussed in RAN1, in case FDSS-SE is to be specified:
· Whether Rel-15 or Rel-16 DMRS is used, and whether DMRS is symmetrically extended
· FDRA indication details, including those for TBS determination and for PTRS
· If additional factors such as the amount of spectrum shaping are taken into account for power control
· Whether spectrum extension factors are fixed ratios, and whether a single extension factor is specified, and whether extension factors are dynamically indicated
· If multiple SE factors are specified, how many and which factors are to be used.
If FDSS-SE is to be specified in Rel-18, DMRS design, FDRA indication details (e.g. for TBS determination and PTRS), power control, the use of multiple/variable spectrum extension factors, and whether spectrum extension factors are dynamic require further discussion
2.2 RAN4 investigations
2.2.1 Performance of schemes
Results from RAN4’s investigations of MPR reduction scheme’s performance were collected in [4], but there was not sufficient time for RAN4 to agree to a summary of the results.  Therefore, we provide our interpretation of the results below.
The analysis was performed using the following approach:
· The 4 GHz results were analyzed, since there are more companies with results, and since coverage is more challenging than at 700 MHz.
· For each MPR reduction (enhancement) scheme, compute the spectral efficiency and search for the matching spectral efficiency in the baseline
· MCS in the plots is the MCS of the baseline scheme, the MCS for the transparent scheme is the same, and the MCS for FDSS-SE is such that the transport block size is the same as the baseline (and transparent) schemes.
· The net gain for either FDSS-SE or a transparent scheme is calculated according to the change in SINR at 10% BLER from the baseline and according to the change in output power backoff.  The following equation for net gain of a scheme was used, where  and  are the SINRs for 10% BLER for the enhancement and the baseline, respectively, while  and  are the corresponding output power backoffs:
· 
· For each company, according to whether Inner/Outer PRBs are used, whether boosting is used, and for each MCS, take the best gain from all configurations of the scheme (i.e. #PRBs, which filter is used, and which type of transparent scheme is used).
· This step is important: some settings have poor performance, and some good performance, so taking a mean will reduce performance substantially from the best configuration.
· The implication of this approach is that the UE may adapt schemes or parameters, and if this is practical is not considered here
The resulting plot is shown in Figure 4 below, where the net gains are plotted as a function of the baseline MCS, whether an inner or outer allocation is used (‘1’ and ‘0’, respectively on the inner/outer X axis), and according to the company that reported the results.
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[bookmark: _Ref136457758]Figure 4: FDSS and transparent gain comparison for inner/outer/MCS/Companies

We make the following observations from these results:
· Performance of transparent vs. baseline schemes
· Observations:
· Qualcomm & Ericsson gains are relatively constant over MCS 0, 2, 6
· Qualcomm’s gains are higher than Ericsson’s & Nokia’s, especially for the inner PRBs
· Qualcomm’s analysis uses a baseline MPR from the RAN4 specs, while Ericsson & Nokia use baseline MPRs from RF simulations.  If Qualcomm’s approach is used instead, Ericsson & Nokia’s transparent scheme gains will be substantially higher, often near 2 dB.
· Nokia has ~0.3-0.4 dB less gain at MCS 6 than MCS 0 & 2
· Could be due to differences among transparent schemes: Nokia uses FDSS, Ericsson clipping, and Qualcomm peak cancelation.
· For transparent schemes’ gains
· Ericsson observes 0.7-0.8 dB gain for outer PRBs, no gain for inner PRBs
· Qualcomm observes 1.0 and 1.5 dB gains for outer and inner PRBs, respectively
· Nokia observes and 0.6-1.0 and 0.0-0.3 dB for outer and inner PRBs, respectively
· FDSS-SE gains vs. transparent, considering the inner/outer allocations and MCS
· Observations:
· All companies show reduced gains at highest MCS (MCS 6 in this analysis) for outer PRBs
· Nokia find similar gains over MCS for inner PRBs, which may again relate to differences in transparent schemes used by companies.
· For Inner vs. outer RBs: 
· Ericsson and Qualcomm show reduced or no gains for inner PRBs for FDSS-SE vs. transparent
· Nokia are somewhat different: about 0.3 dB more gain from inner at MCS0 & MCS2.
· We observe that Nokia’s transparent baseline performs worse compared to FDSS-SE on inner PRBs
· For FDSS-SE vs transparent gain:  
· Ericsson show at most 0.5 dB gain for outer PRBs
· ~0.1dB loss is observed for MCS 6 in outer PRBs
· No gains vs. baseline for either transparent or FDSS-SE in inner PRBs
· Qualcomm show at most 0.5 dB inner, 0.9 dB outer gains
· 0.5 and 0.2 dB loss for inner and outer PRBs for MCS 6
· Nokia: gains of 0.5-0.6 dB for inner, 0.0-0.4 dB for outer PRBs 
· Huawei: 0.4-0.9 dB gain (for inner PRBs; no results for outer PRBs)
· These gains are relative to 0 dB MPR rather than the transparent scheme, since Huawei’s transparent schemes all show losses, and the baseline schemes would be used in practice.
· These are substantially worse than others’ results, having losses of 0.9-1.2 dB, whereas others have at most 0.2 dB loss.
· In summary:
· Results vary quite a bit
· Some see the largest gains in inner PRBs; others in outer PRBs
· Performance of transparent schemes varies among companies, sometimes dramatically
· Could be partly due to differences among transparent schemes: Nokia uses FDSS, Ericsson clipping, and Qualcomm peak cancelation.
· Using baseline MPRs from the RAN4 specifications will tend to show higher absolute gains from MPR reduction schemes, as opposed to where baseline MPRs from RF simulations are used. 
· The spreadsheet results provide a limited window into behavior, since
· A limited number of bandwidth and MCS combinations were simulated
· Selecting among configurations simulated is complicated, which leads to taking the ‘best’ configuration although this may exaggerate gains.
· Companies do not provide results for all configurations, whether boosting is used or not, inner/outer PRB allocations, filter types etc.
· Adjusted transparent schemes that transmit in the same PRBs as the ‘inband’ of FDSS-SE and with the same MCS, but that are shifted away from the band edge are not considered here, which misses the improved performance of such schemes, as discussed in section 2.1.1. 
· FDSS-SE gains over transparent schemes vary with parameter settings: RB size, inner/outer, MCS index, bandwidth, filter type, etc
· May imply need to have adaptive schemes; further study needed
· Gain range over companies for transparent schemes over baseline is:
· 0.8 to 1.0 dB for outer PRBs, 0.0-1.5 dB for inner PRBs
· These could be substantially higher if baseline MPR is set to values currently in the RAN4 specifications.
· Range over companies for FDSS-SE gains over transparent schemes is:
· -0.2 to 0.9 dB for inner PRBs, for MCS<=2
· 0.3 to 0.9 dB for outer PRBs right at band edge, for MCS<=2
· -0.9 to 0.6 dB and -0.2 to -0.1 dB for MCS=6, for inner and outer PRBs, respectively

2.2.2 Specification impact of schemes
For transparent schemes, the point below is currently under discussion in RAN4:
· Flatness requirements: Further input on whether the spectrum flatness requirement for transparent scheme should or should not be the same as for Pi/2 BPSK.
For non-transparent schemes, RAN4 has the following discussion points:
· Discussion on whether EVM shall be according to in-band signal only.
· Requirements for excess band:
· Demod requirements for the gNB supporting and configuring this feature if FDSS-SE will be selected in normative phase.
· Further input on whether the UE must use the excess band if configured or whether it is left for UE implementation. In case of latter option, if UE can meet the minimum Tx power requirement also without excess band, it can do so

One common issue for both transparent and non-transparent is below:
· ACLR: Whether RAN4 shall collect 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
There would be more specification impact for non-transparent schemes than transparent schemes in RAN4.
2.3 Summary and way forward
Regarding the progress of the RAN1 and RAN4 investigations discussed above, it can be seen that there is still significant work in both groups to finish if non-transparent schemes are to be specified, such that it may be challenging to complete in the current schedule for the Rel-18 coverage enhancements work item.

If FDSS-SE is to be specified in Rel-18, it may be challenging to complete the RAN1 work in the single remaining meeting for Rel-18 in RAN1.
According to the RAN4 work item time plan, there is already one meeting delay for a decision on MPR reduction and as such the core specification work in RAN4 may also be challenging to complete on time.

Regarding the relative performance of transparent and non-transparent schemes, it was found that 
· The gain of transparent schemes over baseline tends to be consistent over MCS and can have a notable gain
· A max gain of 1.5 dB at inner allocations and 1.0 dB max gain at outer allocation was observed
· Such gains are found when currently specified MPR values are assumed for the baseline scheme
· The gain of non-transparent over transparent scheme can also be notable, but is not consistent over MCS or inner/outer allocations
· -0.2 to 0.9 dB gain was observed for inner allocations for lower MCS (MCS<=2)
· -0.9 to 0.6 dB gain was observed for inner allocations for higher MCS (MCS 6)
· 0.3 to 0.9 dB gain was observed for outer allocations (at band edge) for lower MCS (MCS<=2)
· -0.2 to -0.1 dB gain was observed for outer allocations (at band edge) for higher MCS (MCS 6)
· Gains for MCS 6 were generally 0.4-1.1 dB worse than MCS 0 & 2
· One company found roughly the same performance for MCS 0, 2, and 6 for inner PRBs 
Comparing the gains of non-transparent over transparent schemes and the gains of transparent schemes over baseline, our opinion is to focus on the transparent schemes. As discussed in section 2.1.1, the opportunities for improved performance seem to be from reducing the MPR for inner RB allocations.  While FDSS-SE can outperform transparent schemes in specific conditions such as wide bandwidth and low code rate or edge allocations, these conditions for gain are not frequent. Moreover, the UE must be able to boost power, and schemes may need to adapt parameters such as the spectrum shaping filters and the amount of spectrum expansion to achieve the gains reported here.  Especially at this late stage of NR, the greater flexibility and simplicity of implementation of transparent schemes in a network make them more suitable for specification.
While FDSS-SE can outperform transparent schemes in specific conditions such as wide bandwidth and low code rate or edge allocations, these conditions for gain are not frequent. 
UEs using FDSS-SE may need to adapt parameters such as the spectrum shaping filters and the amount of spectrum expansion to achieve gains. 
Especially at this late stage of NR, the greater flexibility and simplicity of implementation of transparent schemes in a network make them more suitable for specification.

[bookmark: _Toc136459149]Only transparent MPR reduction schemes are specified in Rel-18. Schemes should provide gains for inner RB allocations.

[bookmark: _Toc127490664][bookmark: _Toc127533496][bookmark: _Toc127536170][bookmark: _Toc127536638][bookmark: _Toc127536802][bookmark: _Toc127536933][bookmark: _Toc127537053][bookmark: _Toc127543051][bookmark: _Toc127543465][bookmark: _Hlk61857909]3	Dynamic waveform switching
According to the WID [1], RAN1 is the only responsible WG for dynamic waveform switching. As early as  RAN1#111, it was agreed to study the necessity of several potential enhancements to assist gNB to determine dynamic waveform switching. Even if since NR Rel-15 waveform switching can be supported by RRC reconfiguration or switching DCI formats, the decision of waveform switching is based on gNB estimation of the UE’s power headroom for a target waveform. Without assistance from the UE, it is more or less a blind attempt. In this sense, UE assistance information, if supported, can better facilitate gNB’s such decision and is more helpful for dynamic waveform switching.
UE assistance information such as PHR of the target waveform can improve the scheduler’s ability to know when to switch waveforms
A number of enhancements to assist the scheduler to determine when to switch waveforms have been discussed, as reflected in the agreement below:
	Agreement (RAN1#111)
[bookmark: _Hlk136797185]Study the necessity of the following potential enhancements to assist the scheduler in determining waveform switching:
· Reporting power headroom related information based on PCMAX,f,c applicable to a target waveform 
· Target waveform can be same or different from waveform of an actual PUSCH transmission
· FFS target RB allocation and/or target modulation order can be same or different from respective properties of an actual PUSCH transmission 
· FFS determination of target waveform, target RB allocation, target modulation order
· FFS details, e.g. report PCMAX,f,c or Type 1 power headroom for a waveform, or difference thereof between waveforms
· PHR triggering enhancements, e.g.
· Network-triggered PHR
· PH becomes lower (higher) than a threshold
· PHR triggered by waveform switching
· Reporting of recommended waveform or request to switch waveform
· Other solutions not precluded


As the discussion continued, some potential enhancements were gradually removed, as can be seen in the feature lead proposal from RAN1#113 below. Only one enhancement, a new PHR of a target waveform, remained, which has RAN2 specification impact. Also on the table is the option of no enhancement. We think the technical concerns for the new PHR were taken into account and are represented in this last version of the feature lead proposal in RAN1#113, which also proposed to send an LS to RAN2. The proposal, however, was not agreed due to a concern that RAN2 is not a responsible WG for the dynamic waveform switching objective. 
	FL proposal 3-2r5 (RAN1#113)
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select one from the following options:
· Option 1: Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH. 

· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· FFS: If actual PUSCH transmission is not scheduled by a DCI with DWS field, power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported with same for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH includes the following:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· Power headroom information for assumed PUSCH is supported at least if multiplePHR=False and twoPHRmode is not enabled. FFS: other cases.
· For a serving cell with power headroom information of assumed PUSCH to be reported, support only one of alternatives below:
· Alt 1: Power headroom information for assumed PUSCH and legacy Type 1 PH are reported together.
· Alt 2: Only power headroom information for assumed PUSCH is reported.
· RAN1 assumes the following RAN2 impacts and design aspects to be decided by RAN2:
· Trigger/condition for reporting power headroom information for assumed PUSCH.
· Design of MAC CE(s) for the reporting of power headroom information for assumed PUSCH, including whether PCMAX,f,c(i) of assumed PUSCH is reported directly or as difference from PCMAX,f,c(i) of actual PUSCH.
· Whether power headroom information for assumed PUSCH and legacy Type 1 PH are reported together or not.
· Send LS to RAN2 (cc RAN4) if Option 1 is selected.

· Option 4: No enhancement. 


[bookmark: _Toc136459150]From the agreement above, it can be seen that RAN1 already assume PHR enhancements are in scope, since they are studied.  Furthermore, since the study includes options that do not impact RAN2, whether RAN2 would be impacted was part of the work on the objective.  Therefore, it is our understanding that PHR enhancements are in the WI scope.
RAN1 agreements on dynamic waveform switching assume that PHR enhancements are in scope
Determining whether RAN2 work is needed is part of the work on the dynamic waveform switching objective.  
Then if there is no other technical concern, we support that RAN1 should send an LS to RAN2 informing them of the enhancement:  
[bookmark: _Toc136459151]Inform RAN1 and RAN2 that PHR enhancements are in scope of the Rel-18 coverage enhancements work item.
4 	Conclusion
In this contribution, we considered the performance evaluations of MPR reduction schemes done in both RAN1 and RAN4, and potential specification impacts for both these WGs.  Our observations for MPR/PAR reduction schemes can be summarized as:
1. Boosting improves the performance of MPR/PAR schemes substantially.
2. Gains of FDSS-SE over transparent schemes can be observed at the band edge, but tend to be reduced or non-existent in inner PRBs
a. These gains are either reduced or not present at higher code rates
b. If comparisons are done with similar MCS but smaller bandwidth for the non-transparent scheme in order to account for the constraint to use more PRBs for FDSS-SE, the gains of FDSS-SE are substantially smaller and less frequent, tending to occur for the largest allocations or in particular locations in edge PRBs.  Losses are found for inner PRBs.
c. The conditions with both large bandwidth allocation and low code rates needed for FDSS-SE to be beneficial over transparent schemes may be difficult to find in system operation.
3. UEs using FDSS-SE may need to adapt parameters such as the spectrum shaping filters and the amount of spectrum expansion to achieve gains.
4. If FDSS-SE is to be specified in Rel-18, it may be challenging to complete the RAN1 work in the single remaining meeting for Rel-18 in RAN1.
5. There would be more specification impact for non-transparent schemes than transparent schemes in RAN4.
6. According to the RAN4 work item time plan, there is already one meeting delay for a decision on MPR reduction and as such the core specification work in RAN4 may also be challenging to complete on time.
7. Especially at this late stage of NR, the greater flexibility and simplicity of implementation of transparent schemes in a network make them more suitable for specification.
We therefore made the following proposal for MPR reduction:
Proposal 1	Only transparent MPR reduction schemes are specified in Rel-18. Schemes should provide gains for inner RB allocations.

In addition, we discussed an open issue for dynamic waveform switching in RAN1 on whether PHR enhancements are in the Rel-18 NR coverage enhancements work item scope.  We made the following observations: 
Observation 12	UE assistance information such as PHR of the target waveform can improve the scheduler’s ability to know when to switch waveforms
Observation 13	RAN1 agreements on dynamic waveform switching assume that PHR enhancements are in scope
Observation 14	Determining whether RAN2 work is needed is part of the work on the dynamic waveform switching objective.  
In order to allow the work in RAN1 to further progress, RAN1 and RAN2 should be informed that PHR enhancements are in scope.  Therefore, we proposed:
Proposal 2	Inform RAN1 and RAN2 that PHR enhancements are in scope of the Rel-18 coverage enhancements work item.
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Appendix: Simulation parameters
[bookmark: _Ref118675173]Table 1: Parameters for link level and RF simulations
	Parameter 
	Value

	Filter coefficient 
	[1 0.28], [0.28 1 0.28],[0.335 1 0.335], RRC, see Figure 5.

	Modulation scheme
	QPSK

	Waveform
	DFT-s-OFDM or CP-OFDM

	Carrier frequency and duplex mode
	700 MHz, or 4 GHz

	Subcarrier spacing
	15 or 30 kHz

	System Bandwidth
	106 or 273 PRBs (20 or 100 MHz)

	Number of RBs and starting RB
	Sweep different combination

	Counter-IM3
	60 dB

	UE, gNB antennas
	1, 2 or 4

	Channel
	TDL-D, Medium correlation, 30ns delay spread
TDL-C, Medium correlation, 300ns delay spread


[image: ]
[bookmark: _Ref118443828]Figure 5: Example FDSS filters in evaluations
[bookmark: _Ref118675187]Table 2: Additional parameters for link level simulations
	Configuration Type
	Parameter 
	Value

	Spectrum Expansion
	Inband RBs (non-spectrum expansion PRBs) + MCS
	{6 RBs, MCS1 or MCS8}
{30 RBs, MCS3 or MCS8}

	
	Excess/reserved band size
	25%

	
	Total allocation size
	{8 RBs, MCS1}
{40 RBs, MCS 8}

	Without 
Spectrum Expansion
	Allocated RBs + MCS
	{8 RBs, MCS0 or MCS6}
{40 RBs, MCS2 or MCS6}

	With and Without Spectrum Expansion
	DMRS configuration
	2 DMRS symbols (Type 1)

	
	PUSCH duration
	14 symbols

	
	Frequency hopping
	Off

	
	UE speed
	3km/h

	
	Number of Tx antennas
	1, Optional: 2

	
	Number of Rx antennas
	2 or 4 for FR1 
2 for FR2

	
	Target BLER
	10%
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