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[bookmark: _Ref4817]Introduction
In the RAN1 #110bis-e meeting, RAN1 reached a good progress on power domain enhancements. For increasing UE power high limit for CA and DC, a high-level guidance to be based on RAN4 input was provided. For MPR/PAR reduction, a good progress was made on the work split among RAN1 and RAN4, design principles and evaluation assumptions. In this contribution, we provide our view and further analysis on the two objectives for power domain enhancements. 
Increasing UE power higher limit for CA/DC
In RAN1#110bis-e, it was agreed that RAN1 study can be based on RAN4’s input. While it is not very clear whether RAN1 discussion could be carried out before receiving any RAN4 input. 
	Agreement
For enhancements to realize increasing UE power high limit for CA and DC, RAN1 can study based on RAN4’s input
· Whether RAN1 enhancements to information exchange between UE and gNB are needed to improve scheduling and network performance when using higher power CA/DC.
· FFS how to realize such information exchange, e.g., signalling enhancement, and what is the spec impact.


Meanwhile, RAN4 discussed many use cases for increasing the high power limit in RAN4#104bis-e, while didn’t agree to support any use cases yet. In addition, RAN4 agreed to discuss whether to stop the discussion in next RAN4 meeting as follows [1]. 
	Agreement:
FFS on the other issues and check whether if the discussion for this objective in RAN4 level could be stopped based on companies’ view in the next meeting.


Considering RAN1 has sent LS to RAN4, RAN1 may no need to discuss the detailed design if it requires RAN4 specification impact. On the other hand, if a proposal does not have any RAN4 impacts, it seems RAN4 would anyway cannot provide any relevant insights on such a proposal, which can be discussed in RAN1 if needed. 
Proposal 1: For discussion of increasing UE power higher limit for CA/DC in RAN1#111, RAN1 deprioritizes any proposed enhancements relying on RAN4 inputs, and can discuss (if needed) potential enhancements that do not require any RAN4 spec impacts.  
MPR/PAR reduction schemes
In RAN1 #110bis-emeeting, it was agreed that at least the following candidate solutions for MPR/PAR reduction will be studied in RAN1:
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension)
In this section, we provide our views on these candidate solutions.
Applicable scenarios for MPR/PAR reduction schemes
In RAN1#110bis-e, the following agreements on the applicable waveform and modulation orders. 
	Agreement
DFT-s-OFDM is the target waveform for the study and, if applicable, the design of MPR/PAR reduction solutions in Rel-18.
Note: No doubt from RAN1 about the offline consensus “Results concerning the application of solutions for DFT-s-OFDM to CP-OFDM can be presented by companies in their contributions”.   
Agreement
For power-domain enhancements targeting MPR/PAR reduction, study the following configurations for DFT-S-OFDM:
· At least pi/2-BPSK and QPSK modulation are considered
· FFS: other modulations, e.g., 16-QAM
· Any number of RB can be considered
· The starting RB of the allocation can be any RB in the BWP 
· FFS:
· Whether restrictions on the number of allocated RB or on the starting RB of the allocation are considered.


For the target waveform, it has agreed to focus on DFT-s-OFDM. However, it is still not clear about the target PUSCH cases. More specifically, it needs to clarify whether the non-transparent enhancements (if supported) can be applied to PUSCH scheduled by RAR or DCI format 0_0 or DCI format 0_1 or type1/type 2 CG PUSCH. 
For transparent schemes (if supported), it seems no need to limit the applicable PUSCH cases. 
Observation 1: For non-transparent MPR/PAR reduction schemes, it needs to further clarify the target PUSCH cases, including PUSCH scheduled by RAR or DCI format 0_0 or DCI format 0_1 or type1/type 2 CG PUSCH. 
FDSS with or without spectrum extension
According to RAN1 agreement on link level simulation, it is assumed that all solutions should be configured to operate with same amount of time-frequency resource and a same spectrum efficiency. An example for FDSS with or without spectrum extension is shown in Figure-1. In our contribution, the extension factor (α) is given by spectrum extension size / Total allocation size, and symmetric extension is assumed.
[image: ]
Figure-1. An example of FDSS w/ and w/o spectrum extension for different extension factors
To study whether the FDSS with or without spectrum extension is necessary to be specified, the performance of CM/PAPR reduction as well as LLS performance should be evaluated. The evaluation methodology is discussed in section 3.2.1 and the evaluation results for QPSK and pi/2-BPSK are given in section 3.2.2 and section 3.2.3 respectively.
Evaluation methodology and assumptions
In RAN1 #110bis-e, the evaluation methodology was discussed and the following agreement was reached.
	 Agreement
For link-level performance evaluation, the performance of the considered MPR/PAR reduction solutions is studied using at least the metrics included in the work split principles for power domain enhancement agreed by RAN1 for Rel-18, for instance, but no limited to, , defined as the SNR variation w.r.t. baseline under the requirement BLER=10-1.
· FFS whether further definition or refinement of the metrics is needed
Note: metrics other than the ones included in the work split principles for power domain enhancement agreed by RAN1 for Rel-18 can be reported by companies.



According to the work split between RAN1 and RAN4 agreed in RAN1#110bis-e, RAN1 performs link level simulations and RAN4 performs RF simulations, and RAN4 is responsible for selecting the Rel-18 MPR/PAR reduction solution, if any. In addition, RAN4 agrees that actual conclusion of the MPR/PAR reduction methods should be based on net coverage gain results combining transmitter and receiver performance [2].
	<Way forward/Agreement>: 
Actual conclusion of the MPR/PAR reduction methods should be based on net coverage gain results combining transmitter and receiver performance



Based on above, it means RAN1 should at least provide the LLS simulation results regarding and CM/PAPR to RAN4, and RAN4 evaluates the final net coverage gain based on RAN1 inputs and RAN4 RF requirements. For  CM/PAPR requirements, we think at least , defined as the improvement of CM at the 99-percentile of the CDF should be provided to RAN4. 
[bookmark: _Hlk118364732]Proposal 2: RAN1 at least provides the following LLS simulation results to RAN4 for evaluating the net coverage gain. 
·  , defined as the SNR variation w.r.t. baseline under the requirement BLER=10-1.
·  , defined as the improvement of CM at the 99-percentile of the CDF. 
Regarding the simulation assumptions, RAN4 has agreed to prioritize FR1 with focus on 4GHz according to [2]. So, we propose to use the following assumptions as the baseline in RAN1. Depending on RAN4 further discussion, RAN1 may or may not pursue additional scenarios.  
Table 1 Simulation assumptions
	Parameter
	Value

	Carrier frequency and scenario
	4GHz (Urban)

	Channel BW
	100MHz (for 4GHz)

	SCS
	30kHz (for 4GHz)

	Channel model
	TDL-C 300ns for FR1 Urban

	UE speed
	3km/h

	Waveform
	DFT-s-OFDM

	Modulation 
	QPSK, pi/2-BPSK

	Number of Tx antennas
	1

	Number of Rx antennas
	4

	Number of DMRS symbols
	2

	Number of PUSCH data symbols
	12

	HARQ configuration
	No retransmission

	FDSS Filter
	3-taps: [-0.28 1 -0.28]

	Extension Type
	Symmetric extension

	Receiver
	Legacy receiver: Dropping the extension part
Advanced receiver: Combined the repeated part with MRC

	Number of PRBs (N_RB)
	8[1],16,32 (Total transmission bandwidth)

	MCS[2]
	Assumed MCS index for baseline: 0, 3, 6, 9,12 in TS38.214 Table 6.1.4.2-2. That is, different spectrum efficiency cases are simulated. 
Note: For FDSS w/ SE, the MCS index could be changed depending on the value of α. 

	Simulation cases
	Case 1: No FDSS, No spectrum extension (Baseline). 
Case 2: FDSS without SE (α=0)
Case 3: FDSS with SE of α=0.125
Case 4: FDSS with SE of α=0.25
Case 5: FDSS with SE of α=0.375
Case 6: FDSS with SE of α=0.5

	Note-1: α=0.125 and α=0.375 will result in fractional RB at each side for symmetric extension when the number of RB is 8. So for N_RB=8, only Case 4 and Case 6 are simulated.
Note-2: the MCS is used for TBS determination as baseline. For the cases of spectrum extension, the same TBS is used.



Evaluation for QPSK
Evaluation on CM/PAPR for data symbol
CM/PAPR should be evaluated first to see whether the proposed schemes have CM/PAPR gain. If there is no significant reduction gain achieved by FDSS with spectrum extension, the motivation of the introduction of such scheme may not be justified. In Figure 2, the evaluation results for CDF of CM are provided for the different cases. Note that, the results of CCDF of PAPR are given in the appendix. 
It’s well known that the CM distribution does not vary with the spectrum efficiency varies, it depends on the modulation scheme for the transmission. And it varies slightly as the number of RBs allocated for transmission.
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(a) Different cases                              (b) Different Number of RBs
Figure-2: the CDF of CM for QPSK w/ and w/o spectrum extension for different extension factors.
The mean CM and 99-percentile CM for each case for different RB allocations are summarized in Table-2.
Table-2. Mean CM and 99-percentile CM 
	
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	8RB
	Mean CM
	1.2197 
	1.1845 
	0.7754 
	0.2694 
	0.0057 
	0.7429 

	
	99% CM
	1.4784 
	1.4678 
	0.9828 
	0.4082 
	0.1100 
	0.7954 

	
	Δ CM @mean
	0.0000 
	0.0352 
	0.4443 
	0.9503 
	1.2140 
	0.4416 

	
	Δ CM @99%
	0.0000 
	0.0105 
	0.4956 
	1.0702 
	1.3684 
	0.6724 

	16RB
	Mean CM
	1.2179 
	1.1867 
	0.7782 
	0.2700 
	0.0047 
	-

	
	99% CM
	1.4378 
	1.4171 
	0.9420 
	0.3554 
	0.0895 
	-

	
	Δ CM @mean
	0
	0.0312 
	0.4398 
	0.9479 
	1.2133 
	-

	
	Δ CM @99%
	0
	0.0208 
	0.4958 
	1.0824 
	1.3483 
	-

	32RB
	Mean CM
	1.2160 
	1.1812 
	0.7725 
	0.2672 
	0.0030 
	-

	
	99% CM
	1.4344 
	1.3952 
	0.9570 
	0.3712 
	0.0787 
	-

	
	Δ CM @mean
	0 
	0.0348 
	0.4435 
	0.9488 
	1.2130 
	-

	
	Δ CM @99%
	0 
	0.0392 
	0.4774 
	1.0632 
	1.3557 
	-



From Table-2, we can have the following observation:
[bookmark: _Hlk118364744]Observation 2: For CM reduction gain of FDSS with or without spectrum extension for QPSK, it is observed that: 
· Similar CM reduction gain is observed for different number of RBs allocated for PUSCH.
· Almost no CM gain is observed for FDSS without extension when compared to the case without FDSS.
· For FDSS with spectrum extension, 0.48~1.35dB gain in terms of @99-percentile is observed for spectrum extension factor among 0.125~0.375. 
· With the spectrum extension factor increases from 0.125 to 0.375, the CM gain gets larger accordingly. But the CM gain decreases when the extension ratio is larger than 0.375. 

Evaluation on SNR 
The link level performance for QPSK w/ and w/o spectrum extension are simulated. Different MCS indexes, i.e., different spectral efficiency cases, are simulated to see the impact of increased code rate due to spectrum extension. Table-3 summarizes spectral efficiency and effective code rate for the evaluated cases. 
Table-3. Effective code rate for different extension factor α (QPSK)
	MCS index for baseline
	Spectral efficiency
	Effective Code Rate

	
	
	Baseline 
	Extension factor α

	
	
	
	0.125
	0.25
	0.375
	0.5

	0
	0.0586
	0.0293 
	0.0335 
	0.0391 
	0.0469 
	0.0582

	3
	0.1250
	0.0625 
	0.0714 
	0.0833 
	0.1000 
	0.125

	6
	0.2234
	0.1172 
	0.1339 
	0.1563 
	0.1875 
	0.2344

	9
	0.4902
	0.2451 
	0.2801 
	0.3268 
	0.3922 
	0.4896

	11
	0.7402
	0.3701
	0.4230
	0.4933
	0.5920
	0.73961


Note1: This is only for simulation purpose where the code rate exceeds the maximum code rate for QPSK specified in TS38214. 
Figure 3 shows the required SNR and performance loss (compared to without FDSS) under requirement BLER@10% for different RB allocations. 
	Required SNR corresponding to BLER@10%
	Performance Loss at BLER@10%
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Figure 3: Required SNR and performance loss (compared to without FDSS) under requirement 10% BLER (QPSK)

[bookmark: _Hlk118364752]Observation 3: For SNR variation of FDSS with or without spectrum extension for QPSK compared to the legacy case (i.e., without FDSS), it is observed that: 
· For FDSS without spectrum extension, about 0.4~2.0dB performance loss is observed under different spectrum efficiency cases. For the same spectrum efficiency with different number of RBs allocated, the performance loss varies slightly.
· For FDSS with spectrum extension, 0~1.8dB performance loss is observed under different spectrum efficiency cases. With the spectral efficiency increases, the performance loss gets larger. 
· From SNR performance perspective, FDSS with spectrum extension outperforms FDSS without spectrum extension in most of the cases we simulated, but the performance gain is not significant. 

Note that the LLS performances above for FDSS with spectrum extension are based on legacy receiver. That’s, the decoding is only based on the resources allocated for PUSCH without taking the extension part into account. In Table-4 , we provide the evaluation comparison between legacy receiver vs advanced receiver (i.e., MRC receiver). As can be seen in Table-4, the performance gain achieved from the MRC receiver is not obvious. Only about 0~0.38dB gain is observed. Thus, the MRC receiver is not necessary in our opinion.
Table-4. Performance comparison of simple receiver Vs MRC receiver
	
	
	α=0.125
	α=0.25
	α=0.375

	MCS=0
 RB=32
	Required SNR(Legacy receiver )
	-11.67
	-11.80
	-11.83

	
	Required SNR(MRC receiver)
	-11.77
	-11.87
	-11.88

	
	Gain of MRC receiver
	0.1
	0.07
	0.05

	MCS=3
 RB=32
	Required SNR(Legacy receiver )
	-9.33
	-9.48
	-9.28

	
	Required SNR(MRC receiver)
	-9.38
	-9.57
	-9.31

	
	Gain of MRC receiver
	0.05
	0.09
	0.03

	MCS=6
 RB=32
	Required SNR(Legacy receiver )
	-7.15
	-7.40
	-7.08

	
	Required SNR(MRC receiver)
	-7.16
	-7.47
	-7.35

	
	Gain of MRC receiver
	0.01
	0.07
	0.27

	MCS=9
 RB=32
	Required SNR(Legacy receiver )
	-4.09
	-3.98
	-3.74

	
	Required SNR(MRC receiver)
	-4.13
	-4.22
	-4.12

	
	Gain of MRC receiver
	0.04
	0.24
	0.38



[bookmark: _Hlk118364760]Observation 4: Advanced receiver only provides 0~0.38 dB SNR gain compared to legacy receiver. 
Proposal 2: Do not support advanced receiver for FDSS with spectrum extension. 

Evaluation on CM/PAPR for DMRS
Another issue regarding the DMRS for FDSS with spectrum extension, in RAN1 #110bis-e, the following agreement was made:
	Agreement
The following design aspects of frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Spectrum extension size is expressed in integer units of RBs.
· Both DMRS and data symbols undergo spectrum shaping
· FFS:
· Which extensions factor(s) to consider, where extension factor (α) is given by spectrum extension size / Total allocation size.
· Impact of shaping filter on FDSS-SE performance
· How to extend DMRS sequence to spectrum extensions, based on either the existing ZC-sequence DMRS or low-PAPR DMRS for PUSCH (FG 16-6c)
· How extension size is determined



Currently, extended ZC sequence is used as DMRS for QPSK when the sequence length is larger than 36. When DMRS also undergoes spectrum shaping, the CM/PAPR of DMRS should be evaluated. Figure-4 gives the CM/PAPR evaluation of DMRS for different RB allocations. As can be seen in Figure-4, the CM/PAPR of DMRS is not matched with the data when extended ZC sequence is used. 
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Figure-4. CDF of CM and CCDF of PAPR for DMRS
[bookmark: _Hlk118364767]Observation 5: Due to the limitation of the CM/PAPR of DMRS, FDSS with spectrum extension may not bring actual CM/PAPR gain if legacy DMRS sequence is reused. 
Based on above results, i.e.,  for both data and DMRS and , it expects minor or even worse net coverage gain can be obtained for FDSS with or without spectrum extension. From Table-2 above, the best CM gain is achieved when the extension factor is 0.375, i.e., about 1.3 dB CM gain at 99-percentile. But about 0.2 dB to 1.8 dB performance loss is observed for different spectral efficiency cases we simulated. And for moderate extension factor, i.e., 0.25, the CM gain at 99-percentile is about 1 dB, while about 0.2 dB to 1.4 dB loss for SNR is observed. Therefore, even assuming the CM gain can all transform to power boosting gain (not the case in reality), it still results in net coverage degradation. 
[bookmark: _Hlk118364804]Observation 6: FDSS with or without spectrum extension for QPSK cannot provide clear net coverage gain, while result in net coverage degradation in many cases.
Proposal 3: FDSS with or without spectrum extension for QPSK is not supported in Rel-18 coverage enhancement WI. 

Evaluation for pi/2-BPSK
Evaluation on CM/PAPR for data symbol
Similar to QPSK, we also evaluate pi/2-BPSK. In Figure 5, the evaluation results for CDF of CM are provided for the different cases. The results of CCDF of PAPR are given in the appendix. Considering FDSS without SE is already supported for pi/2-BPSK in current NR specification, the comparison may focus on FDSS without SE and FDSS with SE.
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Figure-5. the CDF of CM for pi/2-BSPK w/ and w/o spectrum extension for different extension factors.
The mean CM and 99% CM for each case for different RB allocations are summarized in Table-5.
Table-5. Mean CM and 99-percentile CM 
	
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	16RB
	Mean CM
	0.2435 
	-0.7944 
	-0.8343 
	-0.7364 
	-0.3039 

	
	99% CM
	0.3507 
	-0.7768 
	-0.8224 
	-0.7243 
	-0.2633 

	
	ΔCM @mean compared to Case 1
	0.0000 
	1.0379 
	1.0779 
	0.9800 
	0.5475 

	
	ΔCM @mean compared to Case 2
	-1.0379 
	0.0000 
	0.0400 
	-0.0579 
	-0.4905 

	
	ΔCM @99% compared to Case 1
	0.0000 
	1.1275 
	1.1731 
	1.0750 
	0.6140 

	
	ΔCM @99% compared to Case 2
	-1.1275 
	0.0000 
	0.0456 
	-0.0525 
	-0.5135 

	32RB
	Mean CM
	0.2440 
	-0.7665 
	-0.8865 
	-0.8616 
	-0.5502 

	
	99% CM
	0.3303 
	-0.7592 
	-0.8812 
	-0.8556 
	-0.5323 

	
	ΔCM @mean compared to Case 1
	0.0000 
	1.0105 
	1.1305 
	1.1056 
	0.7942 

	
	ΔCM @mean compared to Case 2
	-1.0105 
	0.0000 
	0.1201 
	0.0951 
	-0.2162 

	
	ΔCM @99% compared to Case 1
	0.0000 
	1.0895 
	1.2115 
	1.1859 
	0.8626 

	
	ΔCM @99% compared to Case 2
	-1.0895 
	0.0000 
	0.1220 
	0.0963 
	-0.2269 

	Note: the ‘-’ in ΔCM means CM increase.



From Table-5, we can have the following observations:
[bookmark: _Hlk118364812]Observation 7: For CM reduction gain of FDSS with or without spectrum extension for pi/2-BPSK, it is observed that: 
· Compared to no FDSS, FDSS without spectrum extension can reduce the 99-percentile CM for more than 1dB.
· Compared to FDSS without extension, the CM gain of FDSS with spectrum extension is negligible, and may even increase the CM for some extension factors (those marked with red color in Table-5).

Evaluation on SNR 
The link level performance for pi/2-BPSK w/ and w/o spectrum extension are simulated. Different MCS are simulated to see the impact of increased code rate due to spectrum extension. Table-6 summarizes the effective CR for different MCS with different extension factors we simulated.
Table-6. Effective code rate for different extension factor α (pi/2-BPSK)
	MCS index for baseline
	Spectral efficiency
	Effective Code Rate

	
	
	Baseline 
	Extension factor α

	
	
	
	0.125
	0.25
	0.375

	0
	0.0586 
	0.0586 
	0.0670 
	0.0781 
	0.0938 

	1
	0.0781 
	0.0781 
	0.0893 
	0.1042 
	0.1250 

	2
	0.0977 
	0.0977 
	0.1116 
	0.1302 
	0.1563 

	3
	0.1250 
	0.1250 
	0.1429 
	0.1667 
	0.2000 



Figure 5 shows the required SNR and performance loss (compared to without FDSS) corresponding to BLER@10% for different RB allocations. 
	Required SNR corresponding to BLER@10%
	Performance Loss at BLER@10%
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Figure 5: Required SNR and Performance Loss corresponding to 10% BLER (pi/2-BPSK)

As can be seen from Figure-5,
[bookmark: _Hlk118364822]Observation 8: For SNR variation of FDSS with or without spectrum extension for pi/2-BPSK compared to the legacy case (i.e., without FDSS), it is observed that: 
· For the case of FDSS without spectrum extension, less than 0.6 dB performance loss is observed for the different MCS we simulated when compared to the case of without FDSS.
· For the case of FDSS with spectrum extension, performance loss is also observed when compared to the case of without FDSS, but is slightly better (about 0~0.3dB) than the case of FDSS without extension. 
But all in all, for pi/2-BPSK, both the CM/PAPR gain and LLS performance improvements achieved by FDSS with spectrum extension are not significant enough to introduce spectrum extension for FDSS. No PAR/MPR reduction scheme is needed for pi/2-BPSK.
Proposal 4: FDSS with spectrum extension for pi/2-BPSK is not supported in Rel-18 coverage enhancement WI. 

Tone reservation (TR)
TR uses extra sub-carriers to generate a compensation signal to cancel peaks of the desired signal. In our view, tone reservation may not be able to outperform FDSS with spectrum extension due to the following reasoning:
· FDSS with spectrum extension also uses additional reserved/extended REs to reduce the peaks of the desired signal. While FDSS additionally uses a filtering in the frequency domain to directly reduce the CM/PAPR.
· If the compensation signal of TR is not based on the desired data, the SNR results of TR would be worse than FDSS with spectrum extension when advanced receiver is used.  
· It is more complicated and requires additional efforts to design the compensation signal of TR, compared to directly apply filtering for FDSS which has been studied and specified for pi/2 BPSK in 3GPP. 
Based on above, we have the following proposal: 
Proposal 5: Tone reservation is not supported in Rel-18 coverage enhancement WI. 
Conclusion
Based on above analysis, we have the following observations and proposals. 
Increasing UE power higher limit for CA/DC
Proposal 1: For discussion of increasing UE power higher limit for CA/DC in RAN1#111, RAN1 deprioritizes any proposed enhancements relying on RAN4 inputs, and can discuss (if needed) potential enhancements that do not require any RAN4 spec impacts.  
FDSS with or without spectrum extension
Observation 1: For non-transparent MPR/PAR reduction schemes, it needs to further clarify the target PUSCH cases, including PUSCH scheduled by RAR or DCI format 0_0 or DCI format 0_1 or type1/type 2 CG PUSCH. 
Proposal 2: RAN1 at least provides the following LLS simulation results to RAN4 for evaluating the net coverage gain. 
· , defined as the SNR variation w.r.t. baseline under the requirement BLER=10-1.
· , defined as the improvement of CM at the 99-percentile of the CDF. 
Observation 2: For CM reduction gain of FDSS with or without spectrum extension for QPSK, it is observed that: 
· Similar CM reduction gain is observed for different number of RBs allocated for PUSCH.
· Almost no CM gain is observed for FDSS without extension when compared to the case without FDSS.
· For FDSS with spectrum extension, 0.48~1.35dB gain in terms of @99-percentile is observed for spectrum extension factor among 0.125~0.375. 
· With the spectrum extension factor increases from 0.125 to 0.375, the CM gain gets larger accordingly. But the CM gain decreases when the extension ratio is larger than 0.375. 
Observation 3: For SNR variation of FDSS with or without spectrum extension for QPSK compared to the legacy case (i.e., without FDSS), it is observed that: 
· For FDSS without spectrum extension, about 0.4~2.0dB performance loss is observed under different spectrum efficiency cases. For the same spectrum efficiency with different number of RBs allocated, the performance loss varies slightly.
· For FDSS with spectrum extension, 0~1.8dB performance loss is observed under different spectrum efficiency cases. With the spectral efficiency increases, the performance loss gets larger. 
· From SNR performance perspective, FDSS with spectrum extension outperforms FDSS without spectrum extension in most of the cases we simulated, but the performance gain is not significant. 
Observation 4: Advanced receiver only provides 0~0.38 dB SNR gain compared to legacy receiver. 
Proposal 2: Do not support advanced receiver for FDSS with spectrum extension. 
Observation 5: Due to the limitation of the CM/PAPR of DMRS, FDSS with spectrum extension may not bring actual CM/PAPR gain if legacy DMRS sequence is reused. 
Observation 6: FDSS with or without spectrum extension for QPSK cannot provide clear net coverage gain, while result in net coverage degradation in many cases.
Proposal 3: FDSS with or without spectrum extension for QPSK is not supported in Rel-18 coverage enhancement WI. 
Observation 7: For CM reduction gain of FDSS with or without spectrum extension for pi/2-BPSK, it is observed that: 
· Compared to no FDSS, FDSS without spectrum extension can reduce the 99-percentile CM for more than 1dB.
· Compared to FDSS without extension, the CM gain of FDSS with spectrum extension is negligible, and may even increase the CM for some extension factors (those marked with red color in Table-5).
Observation 8: For SNR variation of FDSS with or without spectrum extension for pi/2-BPSK compared to the legacy case (i.e., without FDSS), it is observed that: 
· For the case of FDSS without spectrum extension, less than 0.6dB performance loss is observed for the different MCS we simulated when compared to the case of without FDSS.
· For the case of FDSS with spectrum extension, performance loss is also observed when compared to the case of without FDSS, but is slightly better (about 0~0.3dB) than the case of FDSS without extension. 
Proposal 4: FDSS with spectrum extension for pi/2-BPSK is not supported in Rel-18 coverage enhancement WI.
[bookmark: _GoBack]Tone reservation
Proposal 5: Tone reservation is not supported in Rel-18 coverage enhancement WI. 
Reference
R4-2217744, WF on enhancements of increasing UE power high limit, Huawei, HiSilicon
R4-2217745, WF on enhancements to reduce MPR/PAR, Nokia, Nokia Shanghai Bell
R1-2210326, Final FL summary of power domain enhancements (AI 9.14.2), Moderator (Nokia, Nokia Shanghai Bell)
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Figure A-1: CCDF of PAPR for pi/2-BPSK
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