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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4#106bis-e meeting, some RF simulation parameters and simulation targets about power domain enhancements have reached an agreement [1], captured as follows:
	<Way forward/Agreement>: 
· RAN4 agrees to analyse provided simulation results as attached to this WF via Excel and provide conclusions based on these at RAN4#107. 
· It is expected a decision on selecting the Rel-18 MPR/PAR reduction solution(s) according to the WID can be taken at RAN4#107
· RAN4 agrees that companies shall fill both the ‘OBO’ and ‘10% BLER SINR’ columns in the RAN4 simulation templates for MPR/PAR result collection.
· Use the following equation as the baseline

Where  is the achieved (TX) output power of the filtered  waveform being compared against the reference,  is the output power of the reference,  is the required SNR to achieve 10% BLER with the reference, and  is the required SNR to achieve 10% BLER using the filtered waveform being compared against the reference.
· Use the following equation when providing the results for net gain

· For evaluations, RAN4 should consider the spectrum extension factor (α) as: 0 (reference), 0.25, 0.111 (1/9), 0.125 and 0.375.
· When expressing the net gain companies shall indicate the BS receiver type used.
· RAN4 shall further study whether the ACLR of a PC2 UE can be applied to a PC3 UE when the output power is boosted to the same level of a PC2 UE. 


[bookmark: OLE_LINK1]We evaluate the performance of different filter-extension combinations and provide some simulation results for non-transparent schemes in this contribution, the corresponding results for transparent schemes are shown in [2].
2. Simulation parameters
Simulation parameters used in these simulations are shown in Table 1. 

[bookmark: _Hlk134537934]Table 1. Simulation parameters for FDSS
	Carrier frequency
	4GHz

	Channel BW
	20/100MHz

	SCS
	15/30 kHz

	Modulation
	QPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	16, 32, 64, 96, 128, 256

	Extension factors
	0, 0.125, 0.25, 0.375

	Channel
	PUSCH, 14 OFDM symbols

	Spectral shaping filter
	· 3-tap (0.28 1 0.28)
· 2-tap (1 0.28)
· Truncated RRC (0.5, 0.1667)
· No filter (reference case)

	Power class
	PC 3

	Number of Tx antennas
	1

	Number of Rx antennas
	4

	Number of DMRS symbols
	2

	Number of PUSCH data symbols
	12

	BS receiver type
	MRC receiver


3. Simulation results
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Based on the LS from RAN1 [3], non-transparent schemes refer to Frequency domain spectrum shaping with spectrum extension, named as ‘FDSS w SE’ in this contribution. Also, transparent schemes are named as ‘FDSS w/o SE’, and reference waveform(DFT-s-OFDM) without filter is named as ‘no filter’.
Extension/reservation factor (α) is Excess band size / Total allocation, as seen in Figure 1, extended RBs size represents excess band size, and total allocation is equal to the total number of allocated RBs and extended RBs. Different FDSS schemes use the same total allocation. 
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Figure 1. Different FDSS schemes
[bookmark: _Hlk135063933]3.1 OBO performance
This section is the resubmission of the previous paper[4].
The physical implementation challenge is not considered in the simulation, the preliminary MPR simulation results are as follows. Three kinds of filters are used: 3tap([0.28 1 0.28]), 2tap([1 0.28]), TRRC(0.5,0.1667). The related simulation results are presented by parameter OBO.
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[bookmark: _Hlk131788413]Figure 2. OBO for 20 MHz channel & 15 kHz SCS, 
with 16 PRB (a), 32 PRB (b), 64 PRB (c) and 96 PRB (d)
[bookmark: _Hlk131781538]For the smaller RB allocations with FDSS w/o SE, the power boost taken by 3-tap filter is not very obvious, sometimes the output power is even lower than no filter case. However the performance of 3-tap filter becomes better with the increase of RB allocation. When the total RB number is as large as 96, it can be seen that 3-tap filter provides the highest power boost when RB allocation starts from some egde positions of CBW. And TRRC filter provides the most stable power boost for FDSS w/o SE among different RB allocation numbers.
For FDSS w SE, it can be seen that 3-tap filter and TRRC filter performe better than 2-tap filter overall, providing higher power boost, especially for α=0.125 and α=0.25.
[bookmark: _Hlk131795384]Observation1: Overall for FDSS w SE, the power improvement of 3-tap filter and TRRC filter is more obvious than that of 2tap filter. 
With the increase of α, power boost taken by FDSS w SE will increase to some extent, however when α is too large, the boost will drop apparently, corresponding contrast can be observed between α=0.25 and α=0.375. The value of α should be limiteded within a certain range, if α is too large, it not only wastes RB resources, but also has negative effect on power enhancement. FDSS w SE with extension factor of α=0.25 has the best comprehensive performance.
Observation2: FDSS w SE with extension factor of α=0.25 has the best comprehensive performance for power boost.
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Figure 3. OBO for 100 MHz channel & 30 kHz SCS,
with 32 PRB (a), 64 PRB (b), 96 PRB (c) and 256 PRB (d)
Figure 3 shows that,  compared to 20MHz channel BW, 100MHz channel BW is beneficial for lager extension factor in the same RB allocation case, and the gap of power boost between different RB-start position is also smaller. Beyond that, there are no obvious differences in OBO performance between 20 MHz CBW and 100 MHz CBW cases.
Observation3: Compared to 20MHz channel BW, 100MHz channel BW is beneficial for lager extension factor in the same RB allocation case, and the gap of power boost between different RB-start position is also smaller. Beyond that, there are no obvious differences in OBO performance between 20 MHz CBW and 100 MHz CBW cases.
As shown in the Figure 2 and Figure 3, FDSS w SE can further increase output power to a certain extent, the overall boost from FDSS w SE is generally no more than 2dB compared to no filter case. However, small bandwidth transmission can proportionally increase the power spectral density, so for the edge of the CBW, small RB allocations are more typical for practical applications. But with the most optimal filter for these cases, the power boost is also apparently smaller. For example if the number of RB allocation is less than 16, the overall boost will be less than 1dB. 
[bookmark: _Hlk131846800]Observation4: The overall power boost for FDSS w SE is generally no more than 2dB compared to legacy DFT-s-OFDM in both 20 MHz and 100 MHz channels. For the small RB allocations typically used in cell edge, the power boost will be significally smaller, e.g. smaller than 1dB.
3.2 Net gain
This section is the evaluation of some new simulation results of net gain.
Table 2. Net gain results of non-transparent cases (100M-30KHZ, FR1)
	Total PRBs
	MCS (no filter)
	MCS (FDSS w SE)
	Extension factor
	Spectrum shaping filter
	10% BLER SINR
	OBO
	RB start position
	RB allocation, (inner/outer/edge/etc)
	Net gain (dB)

	8
	0
	1
	 1/4
	[0.28 1 0.28]
	-6.61
	-1.03
	0
	outer
	1.91

	
	
	
	
	
	
	-1.67
	132
	inner
	0.82

	8
	2
	3
	 1/4
	[0.28 1 0.28]
	-4.89
	-1.12
	0
	outer
	2.07

	
	
	
	
	
	
	-1.72
	132
	inner
	1.04

	8
	6
	8
	 1/4
	[0.28 1 0.28]
	-0.69
	-0.92
	0
	outer
	1.1

	
	
	
	
	
	
	-1.78
	132
	inner
	0.29

	16
	0
	2
	 3/8
	[0.28 1 0.28]
	-7.21
	/
	0
	outer
	/

	
	
	
	
	
	
	-0.85
	128
	inner
	0.71

	16
	7
	8
	 1/8
	[0.28 1 0.28]
	0.7
	-0.68
	0
	outer
	-0.13

	
	
	
	
	
	
	-1.02
	128
	inner
	-0.89


	24
	0
	1
	 1/4
	[0.28 1 0.28]
	-7.01
	-1.09
	0
	outer
	1.82

	
	
	
	
	
	
	-1.25
	124
	inner
	0.97

	32
	2
	4
	 3/8
	[0.28 1 0.28]
	-5.77
	-0.2
	0
	outer
	1.48

	
	
	
	
	
	
	-1.5
	120
	inner
	1.88

	32
	8
	9
	 1/8
	[0.28 1 0.28]
	1.7
	-0.44
	0
	outer
	-0.44

	
	
	
	
	
	
	-0.74
	120
	inner
	-1.22

	40
	2
	3
	 1/4
	[0.28 1 0.28]
	-5.11
	0
	0
	outer
	0.71

	
	
	
	
	
	
	-1.32
	116
	inner
	0.73

	40
	6
	8
	 1/4
	[0.28 1 0.28]
	-0.74
	-1
	0
	outer
	1.12

	
	
	
	
	
	
	-1.32
	116
	inner
	0.14


Table 3. Net gain results of non-transparent cases (20M-15KHZ, FR1)
	Total PRBs
	MCS (no filter)
	MCS (FDSS w SE)
	Extension factor
	Spectrum shaping filter
	10% BLER SINR
	OBO
	RB start position
	RB allocation, (inner/outer/edge/etc)
	Net gain (dB)

	8
	0
	1
	 1/4
	[0.28 1 0.28]
	-10.24
	-0.84
	0
	outer
	1.26

	
	
	
	
	
	
	-1.86
	132
	inner
	1.03

	8
	2
	3
	 1/4
	[0.28 1 0.28]
	-8.19
	-0.96
	0
	outer
	1.6

	
	
	
	
	
	
	-1.81
	132
	inner
	0.91

	8
	6
	8
	 1/4
	[0.28 1 0.28]
	-2.61
	-0.84
	0
	outer
	-0.22

	
	
	
	
	
	
	-1.64
	132
	inner
	-1.1

	16
	0
	2
	 3/8
	[0.28 1 0.28]
	-10.2
	/
	0
	outer
	/

	
	
	
	
	
	
	-1.11
	128
	inner
	0.02

	16
	7
	8
	 1/8
	[0.28 1 0.28]
	-2.01
	-0.7
	0
	outer
	0.07

	
	
	
	
	
	
	-0.9
	128
	inner
	-0.93

	24
	0
	1
	 1/4
	[0.28 1 0.28]
	-10.12
	-1.02
	0
	outer
	1.41

	
	
	
	
	
	
	-1.34
	124
	inner
	0.43

	32
	2
	4
	 3/8
	[0.28 1 0.28]
	-8.15
	-0.3
	0
	outer
	0.72

	
	
	
	
	
	
	-1.5
	120
	inner
	0.92

	32
	8
	9
	 1/8
	[0.28 1 0.28]
	-0.44
	-0.22
	0
	outer


	-0.94

	
	
	
	
	
	
	-0.83
	120
	inner
	-1.56

	40
	2
	3
	 1/4
	[0.28 1 0.28]
	-8.16
	-0.82
	0
	outer
	1.33

	
	
	
	
	
	
	-1.34
	116
	inner
	0.41

	40
	6
	8
	 1/4
	[0.28 1 0.28]
	-2.74
	-1.04
	0
	outer
	0.1

	
	
	
	
	
	
	-1.29
	116
	inner
	-0.73


After the net gain performance is evaluated based on the simulation results of SNR and OBO, the related data has been presented in Table 2 and Table 3, and the complete data has been provided in the excel[5]. 
Net gain can be seen in certain but not all non-transparent schemes. When comparing the outer and inner allocations with the same MCS index, extension factors, filter and RB allocations, the net gain of the outer cases (RB start position is at the edge) is more obvious than inner cases (RB start position is in the middle). Among the simulation results stated in the tables, the net gain of outer allocations is up to 2dB, and the maximum net gain for inner allocations is approximately 1.4dB.
[bookmark: _Hlk134806915]Observation5: The net gain of FDSS W SE is generally positive.
Observation6: With the same MCS index, extension factors, filter and RB allocations, the net gain of the outer cases (RB start position is at the egde) is more obvious than inner cases (RB start position is in the middle).
At the same time, the SNR performance of the non-transparent schemes deteriorates with the increasing of the MCS index, so if the OBO is relatively stable, the net gain will diminish. And there are no obvious differences in net gain performance between 20 MHz CBW and 100 MHz CBW for non-transparent cases.
[bookmark: OLE_LINK5]Observation7: Net gain diminishes when MCS index is too high.
Observation8: There are no obvious differences in net gain performance between 20 MHz CBW and 100 MHz CBW for non-transparent cases.
4. Conclusion
Based on OBO performance:
Observation1: Overall for FDSS w SE, the power improvement of 3-tap filter and TRRC filter is more obvious than that of 2tap filter. 
Observation2: FDSS w SE with extension factor of α=0.25 has the best comprehensive performance for power boost.
Observation3: Compared to 20MHz channel BW, 100MHz channel BW is beneficial for lager extension factor in the same RB allocation case, and the gap of power boost between different RB-start position is also smaller. Beyond that, there are no obvious differences in OBO performance between 20 MHz CBW and 100 MHz CBW cases.
Observation4: The overall power boost for FDSS w SE is generally no more than 2dB compared to legacy DFT-s-OFDM in both 20 MHz and 100 MHz channels. For the small RB allocations typically used in cell edge, the power boost will be significally smaller, e.g. smaller than 1dB.
Based on net gain:
Observation5: The net gain of FDSS W SE is generally positive.
Observation6: With the same MCS index, extension factors, filter and RB allocations, the net gain of the outer cases (RB start position is at the egde) is more obvious than inner cases (RB start position is in the middle).
Observation7: Net gain diminishes when MCS index is too high.
Observation8: There are no obvious differences in net gain performance between 20 MHz CBW and 100 MHz CBW for non-transparent cases.
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