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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 of power domain enhancements were discussed as in the summary [1]. The agreed WF [2] also include 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.
· 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: _Hlk118383617][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.
· For simulation purpose, tentatively, define extension/reservation factor (α) as Excess band size / Total allocation, where 
· Inband size: Occupied REs after DFT-block.
· Excess/reserved band size: The amount of spectrum extension.
· Total allocation size (Inband size + Excess/reserved band size): Occupied REs after spectrum extension.
· For performance evaluation, consider symmetric extension for FDSS with spectrum extension.
· 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 parameters that be used in contribution [3] and contribution [4]. In the meanwhile, some other parameters related to simulation are also be discussed. 
2. Discussion
Frequency domain spectrum shaping is a PAPR reduction method where signal is filtered in frequency domain, and it has been used in pi/2 BPSK optimization work. While spectrum extension is a method that uses excess band allocation to reduce PAPR of the signal, and FDSS can be applied similarly to signal with spectrum extension by filtering the total bandwidth.
The simulation parameters used are shown in Table 1. In order to obtain the characteristics of the transparent and non-transparent schemes, four methods (i.e., [no FDSS], [FDSS without spectrum extension], [FDSS with spectrum extension w/o coping data], [FDSS with spectrum extension with coping data]) are used in MPR simulation and the modulation modes are pi/2 BPSK and QPSK. 
Table 1 Simulation parameters
	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 

	extension/reservation factor (α)
	1/5, 1/6, 1/3

	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
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Figure 1 Different FDSS schemes
Here are some explanations of the FDSS scheme used in the simulation: 
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, which is denoted by parameter ‘m’. And the number of allocated PRBs is equal to the total number of PRBs, which means there is no extension PRB here. While for ‘FDSS with spectrum extension w/o coping data’, the number of allocated PRBs is denoted by parameter ‘a’. Meanwhile, the reserved PRBs are symmetrically distributed on both sides of the allocated PRBs, and the number of reserved PRBs on one side is indicated by the parameter ‘b’. Similarly, the number of the allocated PRBs for the ‘FDSS with spectrum extension with coping data’ case is the same as that for the ‘FDSS with spectrum extension w/o coping data’ case, in other words, there is an equation of the allocated PRBs of the two cases: a = b + c + b. At the same time, the extended PRBs are also symmetrically distributed on both sides of the allocated PRBs, and the number of extended PRBs on one side is also indicated by the parameter ‘b’. 
[bookmark: _Hlk118382286][bookmark: _Hlk118382159]It can be observed from Figure 1 that for ‘FDSS with spectrum extension w/o coping data’, the extended part is filled with ‘0’. However, the extended part is filled with the copy data from the two sides of allocated PRBs for ‘FDSS with spectrum extension with coping data’. According to the agreement of the WF [2], “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.” Therefore, considering the comparison between different filters, it is necessary to unify the total number of PRBs, i.e., there is another equation: m = b + a + b = 2b + c + 2b. 
Meanwhile, the TBS used should be the same, which means that the code rates for different cases should be changed according to inband size. Besides, as the statement of the WF [2], we can tentatively define extension/reservation factor (α) as Excess band size / Total allocation. So for no FDSS and FDSS without spectrum extension, the value of factor α is 0. For FDSS with SE, we selected the value of α1/5 for inner allocation, 1/6 for outer1 allocation, 1/3 for outer2 allocation, as Table 2 shows. 
Table2 Parameters for different PRB allocations
	
	Total number of PRB
	m
	a
	b
	c
	extension/reservation factor (α)

	Inner
	20
	20
	16
	2
	12
	1/5

	Outer1
	60
	60
	50
	5
	40
	1/6

	Outer2
	60
	60
	40
	10
	20
	1/3


According to the definition of α and the division of PRB allocations region, it is necessary to discuss the scope of the value of α. Comparing the outer1 allocation and outer2 allocation in [4], it can be observed that for FDSS with SE, on the premise of same total allocated bandwidth, spectral efficiency and resources in the time domain, the improvement of power boost for outer2 allocation with more extension PRBs is more obvious than outer1. 
Observation 1: The extension/reservation factor (α) can affect the power boost gain, raising the value of α within a certain range is beneficial.
[bookmark: _Hlk118749338]Proposal 1: The extension/reservation factor (α) should be limited to a certain range, and different ranges for (α) should be set according to different modulation methods, different RB allocations, different filter coefficient, etc.
As can be observed in [3]and[4], when the main limit factors are EVM performance, after the filter coefficient changed from 0.28 to 0.335, the ACLR performance can be improved, however the EVM performance also be deteriorated, so that the power boost still decreases.
Observation 2: The filter coefficient can affect the power boost gain: higher filter coefficient can improve ACLR performance, while lower filter coefficient is more beneficial to EVM performance.
As the statement of WF [2], “Actual conclusion of the MPR/PAR reduction methods should be based on net coverage gain results combining transmitter and receiver performance.” However, the definition of net gain is still needed to be discussed. From transmitter side, MPR is the main metric, which would also be impacted by some other parameters such as EVM and ACLR. For receiver side, link-level simulation performance should be considered such as BLER, throughput, etc. Only when the net coverage gain is positive, i.e., not only does the transmitter need to have a certain power boost, but the performance of the receiver also needs to maintain a certain level, it is meaningful to discuss FDSS with or without SE.
[bookmark: _Hlk118749369]Proposal 2: The definition of net gain combining transmitter and receiver performance should be further discussed.
At the same time, when comparing the power boost performance taken by different filters, the reference should also change. For example, ‘FDSS w/o SE’ should consider ‘no FDSS’ as a baseline, ‘FDSS w SE’ should consider ‘FDSS w/o SE’ as a baseline. But for more accurate evaluation, the power boost for ‘FDSS w SE’ should be compared with not only ‘FDSS w/o SE’ but also ‘no FDSS’.
[bookmark: _Hlk118749383]Proposal 3: Apart from ‘FDSS without spectrum extension’, ‘no FDSS’ should also be considered as a baseline of ‘FDSS with spectrum extension’. 
Even though the ACLR requirement reference selected in the current simulation is 30 dB, power boost applied for PC3 seems still need to be reconsidered. 
[bookmark: _Hlk118749394][bookmark: _GoBack]Proposal 4: ACLR requirement needs to be further evaluated.
3. Conclusion
Observation 1: The extension/reservation factor (α) can affect the power boost gain, raising the value of α within a certain range is beneficial.
Observation 2: The filter coefficient can affect the power boost gain: higher filter coefficient can improve ACLR performance, while lower filter coefficient is more beneficial to EVM performance.
Proposal 1: The extension/reservation factor (α) should be limited to a certain range, and different ranges for (α) should be set according to different modulation methods, different RB allocations, different filter coefficient, etc.
Proposal 2: The definition of net gain combining transmitter and receiver performance should be further discussed.
Proposal 3: Apart from ‘FDSS without spectrum extension’, ‘no FDSS’ should also be considered as a baseline of ‘FDSS with spectrum extension’.
Proposal 4: ACLR requirement needs to be further evaluated.
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