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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4#106 meeting, some RF simulation parameters and simulation targets about power domain enhancements have reached an agreement [1] [2], captured as follows:
	<Way forward/Agreement>: 
· QPSK is the targeted modulation for further coverage enhancements, at least for simulation study
· RAN4 shall evaluate both FR1 and FR2 scenarios.
· RAN4 shall prioritizes DFT-S-OFDM as a solution for coverage enhancements
FSS on CP-OFDM if companies can show gains
· RAN4 shall not consider other channels and signals (than PUSCH and the associated DMRS)
· RAN4 shall not consider intra band UL CA scenario in Rel-18 WI
· From an IBE point of view RAN4 will consider the extended UL transmission, at least for QPSK, 
as assumption for the simulations.
· PA model calibration
· DFT-s-OFDM QPSK 20MHz
· 100RB0  
· 4dB post PA loss
· 1dB MPR
· Carrier Leakage: 28dBc
· [bookmark: _Hlk128647708]IQ Image: 28dBc
· [bookmark: _Hlk128647764]For the purpose of simulation alignment EVM is gated at 17.5%, this does not preclude companies to bring other results based on other gating factors but this shall be clearly noted. 
· For a PC3 PA the calibration point is 30dB ACLR and for a PC2 PA the calibration point is 31dB ACLR.
· For the purpose of simulation alignment and comparable results the reference power class is PC3. These results targeted at comparing proposed schemes for MPR reduction. This does not preclude companies to provide results with PC2, but this shall be clearly noted. Any potential power boosting identified shall be considered for both PC2 and PC3. 


[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 [3].
2. Simulation parameters
Simulation parameters used in these simulations are shown in Table 1. 

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


3. Simulation results
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Based on the LS from RAN1 [4], 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
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.
4. Conclusion
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.
[bookmark: _GoBack]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.
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