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Introduction
In RAN#96, the revised WI for Rel-18 further NR coverage enhancements has been approved [1]. The objective related to MPR/PAR reduction is highlighted as below.
	· Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)


Some agreements were achieved in the last RAN4 meeting as captured in the WF [2]. In this contribution, we would like to share our views on this topic.
Discussion
Initial simulation results on transparent scheme
According to the latest agreement on the work split between RAN1 and RAN4 as in [3], and below RAN4 agreements as in the WF, RAN4 can start the analysis/providing simulation results for transparent scheme, where the transparent means that network has no acknowledge of the filter implemented by UE.
	< Way forward/Agreement>: 
· [bookmark: _Hlk116667843]Non-transparent schemes should be considered, and transparent schemes can be used as baseline to evaluate the gain of Non-transparent schemes, where 
· Transparent scheme in Rel-18 CE means that it doesn’t impact on RAN1 specifications so that network has no knowledge on how UEs reduce MPR by spectrum shaping, but network needs to be aware if UE is using this scheme or not, i.e., it’s configured with the UE by network while UE is allowed to use preferred shaping as far as corresponding requirements are met if the feature is configured with the UE.
· Non-transparent scheme in Rel-18 CE means that it impacts on RAN1 specifications so that both network and UE need to follow the specification, e.g., on how many RBs (or subcarriers) UE can use and/or how they are allocated to the UE, when the feature is used. Shaping aspect is the same as that of transparent scheme, i.e., network has still no knowledge on how UEs reduce MPR by spectrum shaping and UE is allowed to preferred shaping as far as corresponding requirements are met.   
<Way forward/Agreement>: 
· Frequency domain spectrum shaping without spectrum extension for DFT-S-OFDM is the transparent scheme thus far according to the WID
· Other techniques can be discussed depending on RAN Plenary decision


In this regard, even some gain, for instance, PAPR reduction can be expected at transmitter, but demodulation performance might be degraded since receiver won’t expect any additional “distortion” caused by the filter in the first place. Consequently, LLS evaluation is necessary to verify the performance of each candidate before discussing any requirements/specification impacts.
For the FDSS filter, we pick the following types for the evaluation:
· 3-tap, Pulse shaping filter with (-0.28 1 -0.28) and (-0.335 1 -0.335) 
· Truncated RRC with parameters (0.5, -0.65) and (0.5, 0.1667)
The resulting FDSS window from 3-tap filter is:
, , ,
where  means the number of subcarriers. Figure 1 shows that these FDSS filters fulfil the existing EVM spectral flatness requirement for  subcarriers. Note that “TRRC” is used to represent truncated RRC for convenience.
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[bookmark: _Ref113974119]Figure 1: Examples of FDSS filter for 
BLER performance
Since it has been agreed to consider “net gain” to evaluate the performance for transparent/non-transparent scheme, it is necessary to check the BLER performance first. We adopt the following simulation assumptions for initial evaluation.
Table 1. Simulation assumptions for FR1
	[bookmark: _Hlk117953148]Channel 
	PUSCH, 14 symbols 

	Channel BW
	100MHz for Urban

	SCS
	30 kHz

	Channel model
	TDL-C 300ns

	UE speed
	3km/h

	Number of Tx/Rx antennas
	1t4r

	Number of DMRS symbols
	2

	Number of PUSCH data symbols
	12

	HARQ configuration
	No retransmissions

	Number of PRBs
	8 RB

	FDSS
	3-tap1 filter[-0.28,1,-0.28]
3-tap2 filter[-0.335,1,-0.335]
TRRC1(
TRRC2(
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Figure 2: BLER Loss due to different FDSS filter under the same spectrum efficiency 
As depicted in Figure 2, TRRC-type filter has smaller BLER loss than 3tap-type filter. Thus we have the following observation. 
Observation 1: From BLER performance perspective, Truncated RRC filter is better than loss than 3-tap Pulse shaping filter for both pi/2-BPSK and QPSK DFT-s-OFDM waveform.
· No obvious BLER degradation can be found for Truncated RRC filter.
· About 1.25dB BLER degradation can be found for 3-tap Pulse shaping filter.
In addition, we provide CM (Cubic Metric) simulation results for FDSS in the following tables for better analysing.
Table 2. pi/2-BPSK DFT-s-OFDM 8RB
	
	CM gain@1e-2 (baseline=0.56dB)

	TRRC1
	1.1

	TRRC2
	0.22

	3tap 1
	1.29

	3tap 2
	1.29


Table 3. QPSK DFT-s-OFDM 8RB
	
	CM gain@1e-2 (baseline=1.9dB)

	TRRC1
	0.17

	TRRC2
	0.1

	3tap 1
	0

	3tap 2
	0


It can be observed that FDSS without spectrum extension can provide CM gain especially for pi/2-BPSK, while it is at least no harm from CM perspective for QPSK. In conclusion we have the following observation.
Observation 2: From CM (Cubic Metric) performance perspective, around 1dB gain can be expected for pi/2-BPSK DFT-s-OFDM waveform with FDSS w/o spectrum extension.
After combining the above results, it seems that TRRC can be consider as one candidate for FDSS w/o spectrum extension for both pi/2-BPSK and QPSK DFT-s-OFDM waveform. More simulation results from MPR perspective for FDSS without spectrum extension will be provided in the next meeting. 
On the RAN4 scope 
As one FFS point according to the WF, whether to consider 16QAM will be discussed. From our understanding, RAN4 should focus on modulation order lower than 4 since RAN1 haven’t identified any necessity for studying high modulation order for coverage enhancement purpose. Anyway, RAN4 TU is quite limited. 
Proposal: RAN4 only focus on modulation order lower than 4.  
Conclusion
In this contribution we discussed on the Rel-18 further enhancement for MPR/PAR reduction, we have the following observations based on our initial simulation results and one proposal: 
Observation 1: From BLER performance perspective, Truncated RRC filter is better than loss than 3-tap Pulse shaping filter for both pi/2-BPSK and QPSK DFT-s-OFDM waveform.
· No obvious BLER degradation can be found for Truncated RRC filter.
· About 1.25dB BLER degradation can be found for 3-tap Pulse shaping filter.
Observation 2: From CM (Cubic Metric) performance perspective, around 1dB gain can be expected for pi/2-BPSK DFT-s-OFDM waveform with FDSS w/o spectrum extension.
Proposal: RAN4 only focus on modulation order lower than 4.  
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