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1. [bookmark: _Ref490222521]Introduction
In the RAN#96 meeting, the revised WID [1] on further NR coverage enhancements was discussed. The objectives related to power domain enhancements are captured as follows:
	· 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)


According to the WID, 2 aspects need to be studied, including the necessity of high power UE (HPUE) and the necessity of frequency domain spectrum shaping (FDSS) enhancement. In this contribution, our views on these aspects will be provided based on the agreements made in RAN1 #110bis-e meeting.
2. Discussions
2.1 Enhancements to realize increasing UE power high limit
	Agreement
For enhancements to realize increasing UE power high limit for CA and DC, RAN1 can study based on RAN4’s input
· Whether RAN1 enhancements to information exchange between UE and gNB are needed to improve scheduling and network performance when using higher power CA/DC.
· FFS how to realize such information exchange, e.g., signalling enhancement, and what is the spec impact.


In RAN1#110bis-e meeting, above agreement has been achieved and relevant LS is sending to RAN4 to confirm necessity of information exchange when using high power CA/DC, which means related enhancement of increasing UE power high limit should depend on RAN4 determination and wait for their input. Therefore, HPUE related discussions should be triggered by RAN4 input. 
[bookmark: _Ref118712935][bookmark: PP1]Observation 1: HPUE related power domain enhancement should be triggered by RAN4 input.
2.2 Enhancements to reduce MPR/PAR
Potential solutions to be evaluated
	Agreement
At least the following candidate solutions for MPR/PAR reduction will be studied in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension)


As agreed in last RAN1 meeting, at least frequency domain spectrum shaping (FDSS) and Tone reservation (TR) are expected to be studied for MPR/PAR reduction. 
For FDSS, shaping filter is introduced to reduce PAPR or MPR value, and transparent FDSS has already been supported in the current spec. To improve the demodulation performance, FDSS with spectrum extension is proposed to achieve better network gain. Two typical methods of spectrum extension, reserve FDSS and repetition FDSS, are illustrated in Figure 1, depending on whether the data are repeated in the extension PRBs or not. The ‘normal FDSS’ type in the figure refers to the legacy FDSS without spectrum extension. The ‘reserve FDSS’ type in the figure means several PRBs are reserved, and the ‘repetition FDSS’ type means several PRBs are not only reserved but also used for repetition of part of the signals. The occupied PRBs are equal so that same spectrum efficiency can be achieved for fairness. Compared with others, the repetition FDSS is expected to have extra demodulation performance gain since the repeated signal and origin signal can be combined on the receiver side.


[bookmark: _Ref118573657]Figure 1. Typical FDSS types 
[bookmark: _Hlk118190227]For tone reservation, Peak Reduction Tones (PRTs) are utilized to construct a compensating waveform on top of the waveform of the origin signal, and low PAPR waveform will be formed after OFDM modulation. No overlapping between PRTs and tones of origin signals will exist to preserve the EVM metric. Though no side information or additional operation is needed, computation complexity of constructing compensation waveform is too high, and peak reduction algorithms need to be considered case-by-case. In addition, although the PAPR/CM performance is improved with the larger number of preserved tones, the demodulation performance and spectral efficiency would be affected. Moreover, as shown in [2], CM performance of FDSS with spectrum extension is better than that of TR. Therefore, TR should be deprioritized compared with FDSS.
[bookmark: _Ref118712938]Observation 2: TR has worse performance and more spec. impact than FDSS.
In addition to the FDSS and TR mentioned above, other solutions for MPR/PAR reduction can also be considered, such as Partial Transmit Sequence (PTS) which could be supported by implementation. The principle of PTS is to divide the input data frame into non-overlapping sub-blocks, and each sub-block part is phase offset by a constant factor to reduce PAPR. The performance of PTS solution is shown in following table.
Table 1. PAPR reduction performance of PTS solution
	# of subcarrier
	K (# of sub-blocks)
	N (# of phases)
	PAPR reduction[dB]

	120
(load<5%)
	2
	2
	0.2252

	
	2
	4
	0.3332

	
	4
	2
	0.4914

	
	4
	4
	0.6745


For PTS, only phase rotation needs to be designed, and no additional preserved tones are required, which means lower implementation complexity and higher spectral efficiency can be achieved compared with TR. In addition, it has little impact on the demodulation performance since phase offset for data can be compensated by implementation. Considering the obvious PAPR reduction gain, PTS can be studied as well. 
[bookmark: _Ref118712939]Observation 3: Other solutions for MPR/PAR reduction, such as Partial Transmit Sequence (PTS) could have better performance than FDSS and TR.
According to observations above, we have following proposal.
[bookmark: _Ref118712950]Proposal 1: TR evaluation should be deprioritized for PAPR/CM reduction study, other solutions like PTS can be further evaluated.
Evaluations
To evaluate the performance of these FDSS methods, both link-level simulation and RF evaluations are performed. Detailed evaluation assumptions in link level are provided in Appendix A, and RF evaluation details can be found in [3][4]. Both pi/2-BPSK and QPSK modulation are considered in the evaluation.
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	[bookmark: _Ref118573683]Figure 2. BLER performance for different FDSS types


[bookmark: OB2]Results of BLER performance are provided in Figure 2. It can be observed that, compared to no FDSS, about 0.5 to 1.7dB loss for FDSS with pi/2 BPSK, and about 0.6 to 2.1dB loss with QPSK. Compared to normal FDSS, about 0.7 to 1.2dB gain for FDSS with spectrum extension with pi/2 BPSK, and about 0.9 to 1.5dB loss with QPSK. For the methods with FDSS, repetition FDSS has the best demodulation performance, since both the allocated DMRS and repeated DMRS are considered for channel estimation in this case. However, with data repeated on reserved PRBs, the ACLR may be a limiting factor especially when the PRBs are allocated at the edge of the BWP, which would be discussed in the RF evaluation part later in this contribution.
[bookmark: _Ref118712940][bookmark: OB3]Observation 4: Compared to no FDSS, all types of FDSS solutions have demodulation performance loss even with spectrum extension.
[bookmark: _Ref118712941]Observation 5: Compared to normal FDSS, FDSS with spectrum extension has obvious demodulation performance gain in link level evaluation.
Meanwhile, the CM performance is also provided, as can be seen in Figure 3.
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[bookmark: _Ref118573703]Figure 3. CM performance for different FDSS types 
It can be observed that three FDSS related solutions can lower the CM value compared with no FDSS. Specifically, for pi/2 BPSK, the CM value at CDF=99% for repetition FDSS is similar to that for normal FDSS, while the CM value at CDF=99% for reserve FDSS is higher than that of normal FDSS. However, for QPSK, both the CM values at CDF=99% for repetition FDSS and reserve FDSS are lower than normal FDSS.
[bookmark: _Ref118712943][bookmark: OB4]Observation 6: For pi/2 BPSK, FDSS with spectrum extension has no obvious CM gain compared with normal FDSS, while loss is observed for reserve FDSS.
[bookmark: _Ref118712944]Observation 7: For QPSK, FDSS with spectrum extension has CM gain compared with normal FDSS.
In addition to the link-level simulation, RF evaluation is more important since it would check the actual power boost gain that we can have via FDSS enhancement. The detailed RF evaluation results and analysis are provided in [3][4]. The key RF requirements including the EVM and ACLR factors are considered to determine the actual power boost value. As we observed in RF evaluations, for pi/2 BPSK, compared with normal FDSS, the EVM performance of reserve FDSS and repetition FDSS has no obvious improvement, as the power boosting gain is quite small. For QPSK, the EVM performance is improved for both reserve FDSS and repetition FDSS compared with normal FDSS. Specifically, the power boost gain of reserve FDSS and repetition FDSS is around 0.3~0.8dB and around 0.5~1.2dB, respectively. However, for repetition FDSS, the main limiting factor changes from EVM to ACLR as is seen in the RF evaluation. Therefore the demodulation performance gain would not help the power boost. These aspects should be carefully studied in RAN4 RF evaluations.
[bookmark: _Ref118712945]Observation 8: For pi/2 BPSK, FDSS with spectrum extension provides no or minor power boost gain compared with normal FDSS.
[bookmark: _Ref118712946]Observation 9: For QPSK, FDSS with spectrum extension can improve power boosting to some extent compared with normal FDSS.
According to above, we have following proposal.
[bookmark: PP2]Proposal 2: For QPSK, the FDSS enhancement in Rel-18 can be further studied.
3. Conclusion
In this contribution, we discuss the necessity of HPUE and FDSS related enhancement, and have following observations and proposals: 
Observation 1: HPUE related power domain enhancement should be triggered by RAN4 input.
Observation 2: TR has worse performance and more spec. impact than FDSS.
Observation 3: Other solutions for MPR/PAR reduction, such as Partial Transmit Sequence (PTS) could have better performance than FDSS and TR.
Observation 4: Compared to no FDSS, all types of FDSS solutions have demodulation performance loss even with spectrum extension.
Observation 5: Compared to normal FDSS, FDSS with spectrum extension has obvious demodulation performance gain in link level evaluation.
Observation 6: For pi/2 BPSK, FDSS with spectrum extension has no obvious CM gain compared with normal FDSS, while loss is observed for reserve FDSS.
Observation 7: For QPSK, FDSS with spectrum extension has CM gain compared with normal FDSS.
Observation 8: For pi/2 BPSK, FDSS with spectrum extension provides no or minor power boost gain compared with normal FDSS.
Observation 9: For QPSK, FDSS with spectrum extension can improve power boosting to some extent compared with normal FDSS.
Proposal 1: TR evaluation should be deprioritized for PAPR/CM reduction study, other solutions like PTS can be further evaluated.
Proposal 2: For QPSK, the FDSS enhancement in Rel-18 can be further studied.
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Appendix A - link level simulation assumptions
	Parameters
	Values

	Pulse shaping filter
	[0.28 1 0.28]

	Carrier frequency
	4GHz

	SCS
	15 kHz

	Channel model
	TDL-C 300ns

	TB size
	675 for pi/2 BPSK
1350 for QPSK

	Waveform
	DFT-s-OFDM

	Number of DMRS symbols 
	2

	PRB configuration
	20 allocated PRBs including 4 extended PRBs (2 PRBs each side)

	TX/RX configuration
	1TX/2RX

	Frequency band
	100 MHz

	UE speed
	3 km/h

	HARQ configuration
	No retransmissions
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