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In the RAN#95-e meeting, the WI on further NR coverage enhancements was approved [1] and was updated in RAN#96 meeting as [2]. The detailed objective about power domain enhancements is showed as below: 
	·  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)


In this contribution, the enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation, are analyzed and simulation results are provided. 
[bookmark: _GoBack]For increasing UE power high limit for CA and DC, the work for RAN1 and RAN4 are recommended.
General views
For both two objectives of power domain enhancements, the leading WG is RAN4. Given RAN1 and RAN4 work both start in October WG meetings, well coordination between RAN1 and RAN4 are needed. In RAN1#110bis-e, a primary target for this agenda should be to clarify and determine the work split between RAN1 and RAN4. For instance, whether the evaluation work for MPR/PAR reduction schemes should be done in RAN1 or RAN4. 
Proposal 1: RAN1 should target to clarify and determine the work split between RAN1 and RAN4 for power domain enhancements in RAN1#110. 
Given there is a study phase for power domain enhancements, RAN1 needs to first agree on the evaluation methodology and simulation assumptions for the proposed RAN1 enhancements. Only after a thorough analysis and evaluation, RAN1 can then decide whether and how to specify these enhancements. 
Proposal 2: RAN1 needs to first agree on the evaluation methodology and simulation assumptions for the proposed RAN1 enhancements in the power domain. 
MPR/PAR reduction schemes
Analysis on candidate schemes
Based on the WID, there are three candidate schemes to reduce MPR/PAR, i.e., FDSS with and without spectrum extension and tone reservation. We provide our views on these schemes as follows. 
FDSS without spectrum extension
In Rel-15, FDSS without spectrum extension for pi/2 BPSK is supported and captured in Clause 6.4.2.4.1 in TS 38.101 as shown below. 
	For Pi/2 BPSK modulation the UE shall be allowed to employ spectral shaping and the shaping filter shall be restricted so that the impulse response of the shaping filter itself shall meet
│ãt(t,0)│ ≥ │ãt(t, τ)│    ∀τ ≠ 0
20log10│ãt(t,τ)│< -15 dB    1< τ < M - 1,
where│ãt(t, τ)│=IDFT{│ãt(t,f)│ejφ (t,f)}, f is the frequency of the M allocated subcarriers, ã(t,f) and φ(t,f) are the amplitude and phase response.
0 dB reference is defined as 20log10│ãt(t,0)│.


As can be seen, FDSS processing can be viewed as adding a window function in the frequency domain for shaping filter. For FDSS without spectrum extension, the window length should be equal to the number of REs allocated for PUSCH transmission. 
Observation 1: For FDSS without spectrum extension, the window length of the shaping filter in the frequency domain is equal to the number of REs allocated for PUSCH transmission.
In Rel-18 coverage enhancement WI, one potential enhancement is to extend FDSS without spectrum extension for higher modulation orders, e.g., QPSK. In our view, similar to Rel-15, there is no RAN1 specification impacts for support of FDSS without spectrum extension. 
Observation 2: No RAN1 specification impact is expected for support of FDSS without spectrum extension. 
FDSS with spectrum extension 
FDSS with spectrum extension was proposed to reduce MPR/PAR back to RAN1 #42 [3]. The proposed method for spectrum extension is shown in Figure 1, where the extension PRBs are filled with the copy of data from the two edges of the original allocated PRBs. In such case, the window length of the shaping filter in the frequency domain is equal to (1+α) times of the number of REs allocated for original PUSCH transmission. 
[image: ]
Figure 1. FDSS with spectrum extension
Observation 3: For FDSS with spectrum extension, the window length of the shaping filter in the frequency domain is equal to (1+α) times of the number of REs allocated for original PUSCH transmission, where α is ratio of the extended REs.  
Apparently, FDSS with spectrum extension has RAN1 specification impact, i.e., requiring to specify the number of extended PRBs and how to mapping the data to these PRBs. The spectrum efficiency may be impacted and should be taken into account for the study. 
Observation 4: FDSS with spectrum extension has RAN1 specification impact and may cause deterioration of the spectrum efficiency. 
Tone reservation
In Rel-17 CE SI, tone reservation was proposed to reduce PAPR by allocating some reserved REs for better frequency domain shaping. An example is shown in Figure 2. Fundamentally, tone reservation is one kind of FDSS scheme, where the window length of the shaping filter in the frequency domain is equal to (1+) times of the number of REs allocated for original PUSCH transmission, whereis ratio of the reserved REs.  
[image: ]
Figure 2. Tone reservation

Observation 5: For tone reservation, the window length of the shaping filter in the frequency domain is equal to (1+) times of the number of REs allocated for original PUSCH transmission, whereis ratio of the reserved REs.  
Similar to FDSS with spectrum extension, RAN1 specification impact is expected to define the value of . On the other hand, the main difference of tone reservation is that there is no data transmitted in the reserved REs, so that they can be allocated to other UEs if the shaping is done in the frequency domain. Thus, the spectrum efficiency may not be impacted. 
Observation 6: Tone reservation has RAN1 specification impact while does not impact the spectrum efficiency.
Simulation results
To study whether the three schemes are necessary to be specified, the performance of CM/PAPR reduction as well as LLS performance should be evaluated. The simulation assumptions for evaluations are listed in Table-1. Several reservation or extension ratios are simulated in this section.   
Table 1 Simulation assumptions
	Parameters
	Value

	Fc
	4 GHz

	BW
	100 MHz

	FFTNum
	4096

	Rx Antenna
	2

	FDSS
	[0.28 1 0.28]

	FFT number
	4096

	Symbol Number
	14

	RB Number (baseline)
	16 PRBs

	MCS
	0

	Extension/reservation ratio
	12.5%, 25%, 50%
In case of 16 PRBs, the number of extended/reserved PRBs at each edge of the allocated PRBs is 1, 2, 4 PRBs. 

	Waveform
	Pi/2-BPSK, QPSK



The CDF of CM and CCDF for PAPR curves are illustrated in Figure 3. 
	Pi/2-BPSK
	QPSK
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Figure 3 CM and PAPR distributions for pi/2 BPSK and QPSK based on different schemes
Based on Figure 3, we have the following observations.
· For pi/2-BPSK：
· FDSS without spectrum extension can reduce the PAPR significantly, more than 3dB PAPR reduction is observed at CCDF@10^-4 compared to pi/2-BPSK without FDSS. There is also 1dB gain in terms of mean CM.
· For tone reservation, neither PAPR nor CM reduction gain is observed for all the simulated reservation ratios compared to FDSS without spectrum extension. And as the reservation ratio increases, the PAPR/CM performance degrades.
· For FDSS with spectrum extension, similar PAPR performances are observed for different extension ratios, and all are similar to FDSS without extension. The performance gap would be within 0.2dB at CCDF@10^-4. And as the extension ratio increases, the CM performance even degrades at CCDF below 10^-4.  
· For QPSK： 
· FDSS without spectrum extension can reduce the PAPR about 2.3dB at CCDF@10^-4 compared to QPSK without FDSS. But marginal CM reduction is observed. 
· For tone reservation, no PAPR reduction is observed for all the simulated reservation factors compared to FDSS without extension. And as the reservation ratio increases, the PAPR performance degrades. But the observations for CM are on the contrary. As the reservation ratio increases, the mean CM would reduce slightly compared to FDSS without extension.
· For FDSS with spectrum extension, both PAPR and CM will reduce as the extension ratio increases. About 1.6 dB PAPR reduction at CCDF@10^-4 is observed when the extension ratio is 50% compared to the case of FDSS without extension. For extension ratio of 25%, there is still more than 0.9dB PAPR reduction and 0.7dB CM reduction respectively. 
In summary, we conclude the following observations based on above results. 
Observation 7: For both pi/2-BPSK and QPSK, tone reservation cannot provide clear PAPR/CM reduction gain compared to FDSS with or without spectrum extension. 
Observation 8: For pi/2-BPSK, FDSS without spectrum extension can achieve 3dB PAPR gain or 1dB CM gain, and on top of this, FDSS with spectrum extension provides no or minor additional PAPR/CM reduction gain. 
Observation 9: For QPSK, FDSS without spectrum extension can achieve 2.3dB PAPR gain while marginal CM gain, and on top of this, FDSS with spectrum extension can provide additional PAPR/CM reduction gain about 0.51 dB, 0.9 dB and 1.63 dB PAPR gain or 0.27 dB, 0.71 dB and 1.17dB CM gain for extension ratio of 12.5%, 25% and 50% respectively.  
In addition, we also evaluate the LLS BLER performance for the different schemes. Figure 4 shows the LLS results for the above mentioned schemes. Different reservation ratios or extension ratios are included.
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Figure 4 LLS results for pi/2 BPSK and QPSK based on different schemes
Based on Figure 4, we have the following observations for both pi/2 BPSK and QPSK.
· For pi/2 BPSK, Compared to legacy case without FDSS, about 0.56dB and 0.79dB LLS performance loss is observed when FDSS without extension is applied at BLER@0.1 and 0.01 respectively.
· For QPSK, compared to legacy case without FDSS, about 0.56dB and 0.78dB LLS performance loss is observed when FDSS without extension is applied at BLER@0.1 and 0.01 respectively.
· The performance of tone reservation / spectrum extension would improve as the reservation / extension ratio increases. When the reservation / extension ratio increases to 25%, almost the same performance can be reached as legacy case without FDSS. Additional performance gain can be obtained if the reservation / extension ratio increases to 50%.
· The performances of tone reservation and FDSS with spectrum extension are almost same when the reservation and extension ratio are the same.
· Similar performances are observed for pi/2-BPSK and QPSK for the same MCS. 
Observation 10: For both pi/2-BPSK and QPSK, FDSS without spectrum extension would cause about 0.56~0.79 dB link-level performance loss. Tone reservation or FDSS with spectrum extension can compensate the performance loss with 25% reservation or extension ratio, and can provide additional link-level gain with larger reservation or extension ratio. 
To have a comprehensive comparison among different schemes, the performance of PAPR/CM and LLS are summarized in Table 2 and Table 3 for pi/2-BPSK and QPSK respectively.
Table 2. Comparison summary of performance comparison for Pi/2-BPSK
	pi/2-BPSK 
	PAPR
	CM
	required SNR

	
	CCDF@1e-4
	Max
	Mean
	Max
	BLER@10%
	BLER@1%

	No FDSS
	5.23
	6.6
	0.2427
	0.3824
	-10.24
	-7.53

	FDSS
	2.05
	2.7
	-0.7944
	-0.7643
	-9.68
	-6.74

	12.5% TR 
	2.15
	2.9
	-0.7937
	-0.7615
	-10.04
	-7.08

	25% TR 
	2.66
	3.6
	-0.7120
	-0.6749
	-10.54
	-7.54

	50% TR 
	3.4
	4.4
	-0.5262
	-0.4748
	-11.06
	-8.23

	FDSS with 12.5% SE 
	1.85
	2.5
	-0.8346
	-0.8176
	-10.04
	-7.04

	FDSS with 25% SE
	1.95
	2.4
	-0.7987
	-0.7827
	-10.54
	-7.56

	FDSS with 50% SE
	1.96
	2.5
	-0.5168
	-0.4999
	-11.07
	-8.19

	pi/2-BPSK 
	PAPR gain
	CM gain
	required SNR gain

	
	CCDF@1e-4
	Max
	Mean
	Max
	BLER@10%
	BLER@1%

	No FDSS(baseline)
	0
	0
	0
	0
	0
	0

	FDSS
	3.18
	3.9
	1.0371
	1.1466
	-0.56
	-0.79

	12.5% TR 
	3.08
	3.7
	1.0364
	1.1438
	-0.2
	-0.45

	25% TR 
	2.57
	3
	0.9547
	1.0573
	0.3
	0.01

	50% TR 
	1.83
	2.2
	0.7689
	0.8572
	0.82
	0.7

	FDSS with 12.5% SE 
	3.38
	4.1
	1.0773
	1.2000
	-0.2
	-0.49

	FDSS with 25% SE
	3.28
	4.2
	1.0414
	1.1651
	0.3
	0.03

	FDSS with 50% SE
	3.27
	4.1
	0.7596
	0.8823
	0.83
	0.66

	pi/2-BPSK 
	PAPR gain
	CM gain
	required SNR gain

	
	CCDF@1e-4
	Max
	Mean
	Max
	BLER@10%
	BLER@1%

	No FDSS
	-3.18
	-3.9
	-1.0371
	-1.1466
	0.56
	0.79

	FDSS (baseline)
	0
	0
	0
	0
	0
	0

	12.5% TR 
	-0.1
	-0.2
	-0.0007
	-0.0028
	0.36
	0.34

	25% TR 
	-0.61
	-0.9
	-0.0824
	-0.0894
	0.86
	0.8

	50% TR 
	-1.35
	-1.7
	-0.2682
	-0.2895
	1.38
	1.49

	FDSS with 12.5% SE 
	0.2
	0.2
	0.0402
	0.0534
	0.36
	0.3

	FDSS with 25% SE
	0.1
	0.3
	0.0043
	0.0185
	0.86
	0.82

	FDSS with 50% SE
	0.09
	0.2
	-0.2776
	-0.2644
	1.39
	1.45



Table 3. Comparison summary of performance comparison for QPSK
	QPSK 
	PAPR
	CM
	required SNR

	
	CCDF@1e-4
	Max
	Mean
	Max
	BLER@10%
	BLER@1%

	No FDSS
	6.68
	8
	1.2167
	1.6256
	-10.24
	-7.52

	FDSS
	4.38
	5.1
	1.1849
	1.6374
	-9.68
	-6.74

	12.5% TR 
	4.44
	5.2
	1.1100
	1.5627
	-10.04
	-7.08

	25% TR 
	4.78
	5.6
	1.0292
	1.4734
	-10.53
	-7.54

	50% TR 
	5.35
	6.4
	0.9876
	1.4262
	-11.05
	-8.23

	FDSS with 12.5% SE 
	3.87
	4.4
	0.9139
	1.3191
	-10.04
	-7.04

	FDSS with 25% SE
	3.48
	4.1
	0.4746
	0.7349
	-10.54
	-7.56

	FDSS with 50% SE
	2.75
	3.1
	0.0127
	0.1660
	-11.06
	-8.2

	QPSK 
	PAPR gain
	CM gain
	required SNR gain

	
	CCDF@1e-4
	Max
	Mean
	Max
	BLER@10%
	BLER@1%

	No FDSS(baseline)
	0
	0
	0.0000
	0.0000
	0
	0

	FDSS
	2.3
	2.9
	0.0319
	-0.0118
	-0.56
	-0.78

	12.5% TR 
	2.24
	2.8
	0.1068
	0.0630
	-0.2
	-0.44

	25% TR 
	1.9
	2.4
	0.1875
	0.1523
	0.29
	0.02

	50% TR 
	1.33
	1.6
	0.2292
	0.1994
	0.81
	0.71

	FDSS with 12.5% SE 
	2.81
	3.6
	0.3028
	0.3065
	-0.2
	-0.48

	FDSS with 25% SE
	3.2
	3.9
	0.7422
	0.8907
	0.3
	0.04

	FDSS with 50% SE
	3.93
	4.9
	1.2040
	1.4596
	0.82
	0.68

	QPSK 
	PAPR gain
	CM gain
	required SNR gain

	
	CCDF@1e-4
	Max
	Mean
	Max
	BLER@10%
	BLER@1%

	No FDSS
	-2.3
	-2.9
	-0.0319
	0.0118
	0.56
	0.78

	FDSS (baseline)
	0
	0
	0.0000
	0.0000
	0
	0

	12.5% TR 
	-0.06
	-0.1
	0.0749
	0.0748
	0.36
	0.34

	25% TR 
	-0.4
	-0.5
	0.1557
	0.1641
	0.85
	0.8

	50% TR 
	-0.97
	-1.3
	0.1973
	0.2112
	1.37
	1.49

	FDSS with 12.5% SE 
	0.51
	0.7
	0.2710
	0.3183
	0.36
	0.3

	FDSS with 25% SE
	0.9
	1
	0.7103
	0.9025
	0.86
	0.82

	FDSS with 50% SE
	1.63
	2
	1.1722
	1.4714
	1.38
	1.46



With above summarized performance comparison, we have the following proposals. 
Proposal 3: For both pi/2-BPSK and QPSK, tone reservation is not supported in Rel-18 CE WI.
Proposal 4: For pi/2-BPSK, FDSS with spectrum extension can be further studied in Rel-18 CE WI.
Proposal 5: For QPSK, FDSS with or without spectrum extension can be further studied in Rel-18 CE WI.
Increasing UE power high limit for CA and DC
In Rel-17, RAN4 work on “Increasing UE power high limit for CA and DC” has been accomplished. Option 1 with improvement on power limit is supported, and it applies to band combinations {PC3 within an NR TDD or FDD band, PC2 within a second NR TDD band}. 
	Option 1: Improvement on power high limit
· Allow UE to transmit the sum of the individual rated PA power classes by lifting the restriction from the Power Class for UL inter band CA or DC, i.e., PPowerClass,CA is replaced with 10*log10∑ pPowerClass,c


In RAN#96, some proposals were discussed about whether to introduce additional cases/band combinations for increasing UE power high limit for CA/DC. In our view, this is a pure RAN4 work and should be discussed in RAN4. 
Proposal 6: RAN4 should lead the discussion on whether/how to introduce additional cases for increasing UE power high limit for CA and DC.
In RAN#96, potential RAN1 enhancement in terms of better utilization of UL transmission power was proposed. However, the detailed scope is not clear and further clarification and study is required. Given the leading WG is RAN4 and the limited TU in RAN1, any enhancement requiring large RAN1 specification impact without clear performance gain is not pursued. 
Proposal 7: RAN1 needs to clarify whether any RAN1 enhancement is needed, and any enhancement requiring large RAN1 specification impact without clear performance gain is not pursued. 
Conclusion
Based on above analysis, we have the following observations and proposals. 
Proposal 1: RAN1 should target to clarify and determine the work split between RAN1 and RAN4 for power domain enhancements in RAN1#110. 
Proposal 2: RAN1 needs to first agree on the evaluation methodology and simulation assumptions for the proposed RAN1 enhancements in the power domain. 
Observation 1: For FDSS without spectrum extension, the window length of the shaping filter in the frequency domain is equal to the number of REs allocated for PUSCH transmission.
Observation 2: No RAN1 specification impact is expected for support of FDSS without spectrum extension. 
Observation 3: For FDSS with spectrum extension, the window length of the shaping filter in the frequency domain is equal to (1+α) times of the number of REs allocated for original PUSCH transmission, where α is ratio of the extended REs.  
Observation 4: FDSS with spectrum extension has RAN1 specification impact and may cause deterioration of the spectrum efficiency. 

Observation 5: For tone reservation, the window length of the shaping filter in the frequency domain is equal to (1+) times of the number of REs allocated for original PUSCH transmission, whereis ratio of the reserved REs.  
Observation 6: Tone reservation has RAN1 specification impact while does not impact the spectrum efficiency.
Observation 7: For both pi/2-BPSK and QPSK, tone reservation cannot provide clear PAPR/CM reduction gain compared to FDSS with or without spectrum extension. 
Observation 8: For pi/2-BPSK, FDSS without spectrum extension can achieve 3dB PAPR gain or 1dB CM gain, and on top of this, FDSS with spectrum extension provides no or minor additional PAPR/CM reduction gain. 
Observation 9: For QPSK, FDSS without spectrum extension can achieve 2.3dB PAPR gain while marginal CM gain, and on top of this, FDSS with spectrum extension can provide additional PAPR/CM reduction gain about 0.51 dB, 0.9 dB and 1.63 dB PAPR gain or 0.27 dB, 0.71 dB and 1.17dB CM gain for extension ratio of 12.5%, 25% and 50% respectively.  
Observation 10: For both pi/2-BPSK and QPSK, FDSS without spectrum extension would cause about 0.56~0.79 dB link-level performance loss. Tone reservation or FDSS with spectrum extension can compensate the performance loss with 25% reservation or extension ratio, and can provide additional link-level gain with larger reservation or extension ratio. 
Proposal 3: For both pi/2-BPSK and QPSK, tone reservation is not supported in Rel-18 CE WI.
Proposal 4: For pi/2-BPSK, FDSS with spectrum extension can be further studied in Rel-18 CE WI.
Proposal 5: For QPSK, FDSS with or without spectrum extension can be further studied in Rel-18 CE WI.
Proposal 6: RAN4 should lead the discussion on whether/how to introduce additional cases for increasing UE power high limit for CA and DC.
Proposal 7: RAN1 needs to clarify whether any RAN1 enhancement is needed, and any enhancement requiring large RAN1 specification impact without clear performance gain is not pursued. 
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