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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4#105 meeting, some RF simulation parameters and side conditions about power domain enhancements were discussed in the WF [1], captured as follows:
	<Way forward/Agreement>: 
· For comparison purpose, the minimum set of number of RBs is 8,16, 32, 64, …  < NRB for spectrum extension
· The number above includes excess RBs.
· Extension/reservation factors in evaluations are 0 – 0.375 for spectrum extension, which can be further limited to a certain range according to some other factors, e.g., modulations etc., if needed.
· 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 
· Include a reference waveform(DFT-s-OFDM) which meet the existing requirements for gain evaluation.
· Consider excess band as a part of the allocated UL transmission bandwidth for IBE.
· [bookmark: _Hlk117607763][bookmark: _Hlk117608926]Define ACLR requirement according to power class also with power boost, e.g., if power class 3 is boosted and to be equivalent to power class 2, the ACLR of power class 3 should apply.
· RAN4 only focuses on pi/2 BPSK and QPSK.


[bookmark: OLE_LINK1]In this contribution, we provide some simulation results for non-transparent schemes. We evaluate the performance of different filter-extension combinations, and a separate simulation parameters assumption document is also submitted in contribution [2]. 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 MHz

	SCS
	15 kHz

	Modulation
	QPSK, pi/2 BPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	16, 32, 64

	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
· 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 include Frequency domain spectrum shaping with spectrum extension (FDSS-SE). It contains ‘FDSS-SE w/o coping data’ and ‘FDSS-SE with coping data’, named as ‘reserve’ and ‘repetition’ respectively in this contribution. Also, ‘FDSS w/o SE’ is named as ‘normal FDSS’, reference waveform(DFT-s-OFDM) without filter is named as ‘no FDSS’.
Extension/reservation factor () 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.
 [image: ]
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, 2tap, TRRC. The comparison reference of power gain is ‘no FDSS’:
· For pi/2 BPSK:
[bookmark: _Hlk126917547]Table 2. Power gain for pi/2 BPSK modulation, 16 RBs
	
16RBs, inner allocation
	Normal FDSS
(FDSS w/o SE)
	Reserve 
(FDSS-SE w/o coping data)
	Repetition
(FDSS-SE with coping data)

	
	α=0
	α=0.125
	α=0.25
	α=0.375
	α=0.125
	α=0.25
	α=0.375

	3-tap
	1.2
	0.7
	1.2
	1.2
	1.3
	1.2
	0

	2-tap
	0.8
	1
	0.7
	0.6
	0.9
	0.8
	-0.7

	TRRC
	1.1
	0.1
	0.8
	0.8
	1.3
	0.7
	-0.9


It can be observed from Table 2 that comparing with ‘no FDSS’, for pi/2 BPSK, the power gain for all the inner and outer allocations of ‘repetition1’ is close to that of ‘normal FDSS’, and the difference does not exceed 0.2dB. It reveals that for pi/2 BPSK modulation mode, it seems difficult to further improve the power boosting gain using FDSS with SE.
Observation 1: For pi/2 BPSK, FDSS with spectrum extension provides minor or no additional power boost gain compared with FDSS without spectrum extension.
On the other side, among the three filters, 3-tap filter seems to have better performance than the other two filters, providing the highest power gain. At the same time, when α increases from 0.125 to 0.25, power gain of ‘reserve’ case using filter 3-tap and TRRC increases a bit. However when α increases from 0.25 to 0.375, power gain of ‘reserve’ case using three kinds of filters either falls or stays the same. And all the power gain of ‘repetition’ case keeps droping with the increase of α. It reveals that 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. 
Observation 2: Considering the RB resources and the impact on power enhancement, the value of α should not be too large.
· For QPSK:
Table 3. Power gain for QPSK modulation, 16RBs,  32RBs and 64RBs
	
16RBs, inner allocation
	Normal FDSS
(FDSS w/o SE)
	Reserve 
(FDSS-SE w/o coping data)
	Repetition
(FDSS-SE with coping data)

	
	α=0
	α=0.125
	α=0.25
	α=0.375
	α=0.125
	α=0.25
	α=0.375

	3-tap
	1
	1.1
	1
	0.7
	1.9
	1.8
	0.8

	2-tap
	0.8
	0.7
	0.5
	0.2
	1.8
	1.5
	0

	TRRC
	0.2
	0.1
	-0.1
	-0.3
	1.5
	0.9
	-0.2

	32RBs, inner allocation
	α=0
	α=0.125
	α=0.25
	α=0.375
	α=0.125
	α=0.25
	α=0.375

	3tap
	1
	1
	/
	/
	1.5
	/
	/

	64RBs, outer allocation
	α=0
	α=0.125
	α=0.25
	α=0.375
	α=0.125
	α=0.25
	α=0.375

	3tap
	1.4
	1.5
	/
	/
	1.5
	/
	/


Note: ‘/’ means related simulation result is blank.
It can be observed from Table 3 that when using the same filter and same RBs, ‘repetition1’ and ‘repetition2’ perform better than ‘normal FDSS’, nearly 0.1-1.3dB gain boost can be observed. Moreover, when using same value of α, ‘repetition’ cases also have higher power gain than ‘reserve’ cases generally, up to 1.4dB gain boost can be observed.
[bookmark: _Hlk126944018]Observation 3: For QPSK, ‘FDSS with SE’ can improve power boosting to some extent compared with ‘FDSS without SE’.
Observation 4: For QPSK, ‘FDSS with SE with copying data’ generally has higher power boost gain than ‘FDSS with SE without copying data’.
For ‘reserve’ case, the spectral shape is less aggressive than ‘normal FDSS’, so it can effectively improve the EVM performance. However, ‘repetition’ case can further improve EVM performance by combining the data in the allocated RBs and the copying data in the extended RBs, so the increasement of power boosting for ‘repetition’ is more obvious than that for ‘reserve’. 
[bookmark: _Hlk126944049][bookmark: _Hlk118298717][bookmark: _Hlk118751295]Proposal 1: With the price of extending more RBs,  FDSS with spectrum extension is beneficial to power boosting for QPSK.
As the allocation of RBs can affect MPR, and FDSS with spectrum extension also needs new RB resource, it is necessary to reconsider the division of RB region, including the definition of inner, outer and edge allocation range.
[bookmark: _Hlk126944058]Proposal 2: If considering the FDSS with spectrum extension scheme, it may be necessary to reconsider the division of RB region, including the definition of inner, outer and edge allocation range.
4. Conclusion
Observation 1: For pi/2 BPSK, FDSS with spectrum extension provides minor or no additional power boost gain compared with FDSS without spectrum extension.
Observation 2: Considering the RB resources and the impact on power enhancement, the value of α should not be too large.
Observation 3: For QPSK, ‘FDSS with SE’ can improve power boosting to some extent compared with ‘FDSS without SE’.
Observation 4: For QPSK, ‘FDSS with SE with copying data’ generally has higher power boost gain than ‘FDSS with SE without copying data’.
Proposal 1: With the price of extending more RBs, FDSS with spectrum extension is beneficial to power boosting for QPSK.
Proposal 2: If considering the FDSS with spectrum extension scheme, it may be necessary to reconsider the division of RB region, including the definition of inner, outer and edge allocation range.
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