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[bookmark: _Ref506539118]Introduction
In Further NR coverage enhancements WI, the following objective has been identified [1]:
	· 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)


In the contribution, we present our views on power domain enhancement, with primary focus on frequency domain spectrum shaping for DFT-s-OFDM waveform for PAPR reduction. Our views on PRACH coverage enhancement and dynamic switching between DFT-S-OFDM and CP-OFDM waveforms are described in our companion contributions [2] and [3], respectively. 
Discussions on power domain enhancement 
Frequency domain spectrum shaping
During the Rel-17 NR coverage enhancement study item phase, PUSCH was identified as one of the bottleneck channels that needs coverage enhancement [4]. Further, during NR coverage enhancement work item phase, several techniques including PUSCH transmission with counting based on available slot and increased number of repetitions, TB processing over multiple slots (TBoMS), DMRS bundling, and enhanced inter-slot frequency hopping mechanisms were introduced to enhance the coverage for PUSCH transmission. 
[bookmark: _Hlk53063199]In Rel-18, to further improve the coverage for uplink transmission, power domain enhancement can be considered, with the motivation to reduce the maximum power reduction (MPR) and achieve higher transmission power. In Rel-15, NR supports Frequency Domain Spectral Shaping (FDSS) without spectrum extension for /2 BPSK to reduce the PAPR. With a smooth transition at the occupied bandwidth, PAPR for the PUSCH transmission can be reduced accordingly. Figure 1 illustrates frequency domain spectrum shaping for PUSCH transmission. In the figure, an in-band filter is applied for the PUSCH transmission to reduce the PAPR and CM.
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[bookmark: _Ref115099715]Figure 1. Frequency domain in-band spectrum shaping for PUSCH transmission

Other techniques such as FDSS with spectral extension and tone reservation can provide enhancements in the power domain. FDSS with spectral extension adds a symmetric extension block in a cyclic fashion to the original FDSS. This can potentially reduce the CM/PAPR when the spectral extension is used. Tone reservation uses a subset of non-data bearing subcarriers called the peaks reduction tones (PRTs) to create a peak cancelling signal. The peak cancelling signal is added to the original waveform to reduce the PAPR. 

Simulation results
In this section, we present link level simulation results and PAPR analysis for PUSCH with frequency domain spectrum shaping without spectrum extension. In the simulations, conventional root-raised cosine (RRC) filter is applied as a spectrum shaping filter for DFT-s-OFDM waveform. Note that the roll-off factor for the RRC filter can be denoted as . The detailed simulation assumptions are listed in Table 1 in the Appendix. 
Figure 2 and Figure 3 illustrate link level simulation results for PUSCH with frequency domain spectrum shaping with π/2 BPSK and QPSK, respectively. In the simulations, it is assumed that roll-off factor  = 0.1, 0.2, and 0.4. From the figures, it can be observed that when roll-off factor increases, link level performance degrades for PUSCH with frequency domain spectrum shaping. In addition, the performance degradation is more pronounced for QPSK modulation compared to π/2 BPSK. More specifically, ~0.3dB and ~0.8dB performance degradation can be observed for frequency domain spectrum shaping with  = 0.4 compared to conventional DFT-s-OFDM waveform for π/2 BPSK and QPSK, respectively. 
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[bookmark: _Ref115101053]Figure 2. Link level simulation results for frequency domain spectrum shaping:  BPSK
[image: ]
[bookmark: _Ref115101060]Figure 3. Link level simulation results for frequency domain spectrum shaping: QPSK

Observation 1:
· When frequency domain spectrum shaping is applied for PUSCH, link level performance degradation can be observed compared to conventional DFT-s-OFDM waveform.
· ~0.3dB and ~0.8dB performance degradation can be observed for frequency domain spectrum shaping with  = 0.4 compared to conventional DFT-s-OFDM waveform for π/2 BPSK and QPSK, respectively.

Figure 4 and Figure 5 represent the CCDF of PAPR for π/2 BPSK and QPSK modulation schemes, respectively. From the figures, it can be observed that the PAPR reduces as the roll-off factor  increases. More specifically, the PAPR improvements are ~3dB and ~3.5 dB at 10-2 and 10-3 CCDF levels, respectively for π/2 BPSK and . The PAPR improvements are ~2.5 dB and ~2.75 dB at 10-2 and 10-3 CCDF levels, respectively for QPSK and .
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[bookmark: _Ref115102683]Figure 4. PAPR for frequency domain spectrum shaping:  BPSK
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[bookmark: _Ref115102685]Figure 5. PAPR for frequency domain spectrum shaping: QPSK
Observation 2:
· When frequency domain spectrum shaping is applied for PUSCH transmission, PAPR reduction can be observed compared to conventional DFT-s-OFDM waveform.
· At 10-2 CCDF levels, ~3dB and ~2.5dB PAPR reduction can be achieved for frequency domain spectrum shaping with  = 0.4 compared to conventional DFT-s-OFDM waveform for π/2 BPSK and QPSK, respectively.

Based on the link level simulation results and PAPR analysis for PUSCH transmission, it is evident that when frequency domain spectrum shaping is applied, substantial gain can be observed for PAPR reduction, at the cost of degraded link level performance. Considering the trade-off between the link level performance and PAPR reduction, further study is needed for frequency domain spectrum filtering for DFT-s-OFDM waveform. 
Proposal 1:
· Study frequency domain spectrum filtering for DFT-s-OFDM waveform for PAPR reduction. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on power domain enhancement. Further, we summarize the observations and proposals as follows:
Observation 1:
· When frequency domain spectrum shaping is applied for PUSCH, link level performance degradation can be observed compared to conventional DFT-s-OFDM waveform.
· ~0.3dB and ~0.8dB performance degradation can be observed for frequency domain spectrum shaping with  = 0.4 compared to conventional DFT-s-OFDM waveform for π/2 BPSK and QPSK, respectively.
Observation 2:
· When frequency domain spectrum shaping is applied for PUSCH transmission, PAPR reduction can be observed compared to conventional DFT-s-OFDM waveform.
· At 10-2 CCDF levels, ~3dB and ~2.5dB PAPR reduction can be achieved for frequency domain spectrum shaping with  = 0.4 compared to conventional DFT-s-OFDM waveform for π/2 BPSK and QPSK, respectively.
Proposal 1:
· Study frequency domain spectrum filtering for DFT-s-OFDM waveform for PAPR reduction. 
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Appendix
[bookmark: _Ref115103226]Table 1. Simulation assumptions
	Parameters
	Values

	Physical channel
	PUSCH

	Carrier frequency
	4 GHz (TDD)

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U)

	Bandwidth
	4 GHz – 100MHz

	Waveform
	DFT-s-OFDM

	Subcarrier spacing for PUSCH
	30kHz 

	MCS and TBS
	π/2 BPSK: MCS 1 and TBS 1352 bits
QPSK: MCS 5 and TBS 2856 bits

	Resource allocation
	14 symbols, 30 PRB for both π/2 BPSK and QPSK

	UE antenna configuration
	1Tx

	gNB antenna configuration
	4Rx

	Propagation channel
	TDL-C 300 ns

	UE velocity
	3km/h for indoor

	Timing offset
	0

	Frequency offset
	0

	DMRS symbols
	2 symbols

	Receiver
	MMSE-IRC as baseline

	Channel estimation
	MMSE based channel estimation

	Performance metrics
	For eMBB, 10% iBLER
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