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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4#104-e-bis meeting, some general scopes and initial RF simulation parameters about power domain enhancements were discussed as in the summary [1]. The WF [2] also includes some of preliminary assumptions, captured as follows:
	<Way forward/Agreement>: 
· RAN4 follows below RAN1 agreements and focus on prepare for RF simulations.
· Establish evaluation parameters and side-conditions if any for both transparent and non-transparent schemes
· The parameters and side-conditions will be updated if needed according to RAN1 input.
· Share the agreements with RAN1 that could affect RAN1 link level simulation.
· RAN4 can perform evaluations without RAN1 input for both transparent and non-transparent schemes.
· No discussion on simulation results of non-transparent scheme at least in RAN4#105.
· Frequency domain spectrum shaping without spectrum extension for DFT-S-OFDM is the transparent scheme thus far according to the WID.
· pi/2 BSPK w SE and QPSK w or w/o SE can be further discussed.
· DFT-s-OFDM is considered for future study for DFT-s-OFDM for FDSS w SE or w/or SE and Tone Reservation.
· UE Power Class 3 and scenario with a single transmitter & single component carrier is considered.
· RAN4 prioritizes FR1.
· Consider only PUSCH and the associated DMRS.
· [bookmark: _Hlk117607763][bookmark: _Hlk117608926]Actual conclusion of the MPR/PAR reduction methods should be based on net coverage gain results combining transmitter and receiver performance.
· The agreement of “Both data and DMRS would be filtered” in Rel-17 pi/2 BPSK SI should be inherited to all candidate modulations to be agreed in Rel-18 CE WI.
· Ensure fair comparison between different methods by keeping the total allocated bandwidth, the spectral efficiency and resource in time domain the same for all compared cases as much as possible.
· Under the conditions that prioritization between FR1 and FR2 is decided by Issue 1-6-2, if FR1 and/or FR2 are evaluated, at least following frequency bands are used for simulation campaign, i.e., if FR2 drops in Issue 1-6-2, the agreement in Issue 2-1-6 becomes invalid.
· FR1: 4 GHz.
· For evaluation results comparison purpose, it is encouraged to include following channel bandwidths with SCSs for FR1. 
· 20 MHz with 15/30/60 kHz.
· For calibration purpose, it is encouraged to use following coefficient.
· 3-tap, Pulse shaping filter (0.335 1 0.335) and (0.28 1 0.28).


[bookmark: OLE_LINK1]In this contribution, we provided some simulation results for transparent schemes. And a separate simulation assumption document is also submitted in contribution [3].
2. Discussion
[bookmark: _Hlk118751642]Frequency domain spectrum shaping without spectrum extension is considered to improve the UE coverage. Based on the agreement of WF [2], QPSK w/o SE can be further discussed in Release 18. As for the region of definition of the transparent scheme, it is clarified that, “Frequency domain spectrum shaping without spectrum extension for DFT-S-OFDM is the transparent scheme thus far according to the WID.” The PC3 PA model is used and the PA calibration is that when the ACLR is 30dBm, the MPR is 1dB for the waveform of 20MHz DFT-s-OFDM QPSK 100RB0 considering the 4dB PA loss. Other simulation parameters are given in the table 0 and table 1, related discussions are provided in contribution [3].
Table 0. Simulation parameters for transparent schemes
	Frequency range
	FR1

	Carrier frequency
	4GHz

	Channel BW
	20MHz

	SCS
	15kHz

	Modulation
	pi/2 BPSK, QPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	20, 60 

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	3-tap [0.28 1 0.28] and [0.335 1 0.335]

	Power class
	PC 3


Table 1. Parameters for different PRB allocations
	allocation schemes
	number of allocated PRBs

	Inner
	20

	Outer
	60


In order to obtain the characteristics of the transparent scheme, two methods (i.e., [no FDSS], [FDSS without spectrum extension]) are used in MPR simulation and the modulation modes are pi/2 BPSK and QPSK. It can be observed from Figure 1 that for both ‘no FDSS’ and ‘FDSS without spectrum extension’, the number of allocated PRBs is the same, and there is no extension PRB here, as shown in table 1.
 [image: ]
 Figure 1. Different filter schemes
Since the maximum output power has not been determined, we used the current 27dBm as 0dB MPR. The physical implementation challenge is not considered in the simulation. And the preliminary MPR simulation results are as follows:


Table 2. Simulation results for pi/2 BPSK with filter of 3-tap [0.28 1 0.28]
	[bookmark: _Hlk117611974]waveform
	No FDSS
	FDSS without spectrum extension

	
	Power boost (dBm)
	limit
	Power boost (dBm)
	limit

	Inner (20RB@RB40) 
	1.8
	EVM
	1.8
	EVM

	Outer (60RB@RB20)
	0.8
	ACLR
	1.8
	EVM


Table 3. Simulation results for pi/2 BPSK with filter of 3-tap [0.335 1 0.335]
	waveform
	No FDSS
	FDSS without spectrum extension

	
	Power boost (dBm)
	limit
	Power boost (dBm)
	limit

	Inner (20RB@RB40) 
	1.8
	EVM
	1.7
	EVM

	Outer (60RB@RB20)
	0.8
	ACLR
	1.7
	EVM


Table 4. Simulation results for QPSK with filter of 3-tap [0.28 1 0.28]
	waveform
	No FDSS
	FDSS without spectrum extension

	
	Power boost (dBm)
	limit
	Power boost (dBm)
	limit

	Inner (20RB@RB40) 
	1.2
	EVM
	0.3
	EVM

	Outer (60RB@RB20)
	0.3
	ACLR
	0.4
	EVM


Table 5. Simulation results for QPSK with filter of 3-tap [0.335 1 0.335]
	waveform
	No FDSS
	[bookmark: OLE_LINK2][bookmark: OLE_LINK3]FDSS without spectrum extension

	
	Power boost (dBm)
	limit
	Power boost (dBm)
	limit

	Inner (20RB@RB40) 
	1.2
	EVM
	-0.1
	EVM

	Outer (60RB@RB20)
	0.3
	ACLR
	0.1
	EVM


· For inner allocation:
It can be observed that for inner allocation (e.g., 20RB@RB40), FDSS without spectrum extension for both pi/2 BPSK and QPSK may be not very helpful for power boosting. In table 2, power boost for FDSS w/o SE is equal to that for no FDSS. However in table 3-5, power boost for FDSS w/o SE is even lower than no FDSS.
The main reason is that the PA has reached the saturation power. At the same time, FDSS is a kind of technology that can improve the ACLR performance, while the EVM performance decreases due to the frequency domain spectral shape compared with no FDSS. As the main limit factor for inner allocation for no FDSS is EVM performance, it is understandable that FDSS without extension is not helpful for power boosting instead.
Observation 1: For some inner allocation cases (e.g., 20RB@RB40), it seems that FDSS without extension is not helpful for power boosting for both pi/2 BPSK and QPSK.
· For outer allocation:
· For pi/2 BPSK:
For the outer allocation (e.g., 60RB@RB 20) for pi/2 BPSK, the table 2 and 3 show that, FDSS without spectrum extension can further provide 0.9-1dB power boost compared with no FDSS. The reason is that the main limit factor of outer allocation for no FDSS is ACLR performance which can be improved by FDSS w/o SE, and then the main limit factor changing from ACLR to EVM.
[bookmark: _Hlk118750071]Observation 2: For some outer allocation cases (e.g., 60RB20), FDSS without spectrum extension can improve the pi/2 BPSK performance to some extent compared with no FDSS.
· For QPSK:
For the outer allocation (e.g., 60RB20) for QPSK, the table 4 shows that FDSS without spectrum extension can provide minor power boost compared with no FDSS. Furthermore, power boost for FDSS w/o SE is even lower than no FDSS in table 5. Even though the main limit factor of outer allocation for QPSK for no FDSS is ALCR, which can be improved by FDSS, the EVM performance will also be degraded after using the filtering scheme, so as to impact power boosting. 
Observation 3: For some outer allocation cases for QPSK (e.g., 60RB20), FDSS with spectrum extension provides no or minor additional power boost gain compared with no FDSS.
[bookmark: _GoBack]Proposal 1: For QPSK, the necessity of FDSS without spectrum extension should be further evaluated since the power boost gain seems marginal.
For FDSS without spectrum extension, compared with the filter of 3-tap [0.28 1 0.28], filter of 3-tap [0.335 1 0.335] is more aggressive and can hence improve ACLR performance to some extent, however, it can also worsen EVM performance. Therefore, when the original limit factor is EVM, the increase of the filter coefficient is harmful to power boost.
[bookmark: _Hlk118750106]Observation 4: The filter coefficient can affect power boost: higher filter coefficient can improve ACLR performance, while lower filter coefficient is more beneficial to EVM performance.
3. Conclusion
Observation 1: For some inner allocation cases (e.g., 20RB@RB40), it seems that FDSS without extension is not helpful for power boosting for both pi/2 BPSK and QPSK.
Observation 2: For some outer allocation cases (e.g., 60RB20), FDSS without spectrum extension can improve the pi/2 BPSK performance to some extent compared with no FDSS.
Observation 3: For some outer allocation cases for QPSK (e.g., 60RB20), FDSS with spectrum extension provides no or minor additional power boost gain compared with no FDSS.
Observation 4: The filter coefficient can affect power boost: higher filter coefficient can improve ACLR performance, while lower filter coefficient is more beneficial to EVM performance.
Proposal 1: For QPSK, the necessity of FDSS without spectrum extension should be further evaluated since the power boost gain seems marginal.
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