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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) enhacement. In this contribution, our views on these aspects will be provided.
2. Discussions
2.1 Enhancements to realize increasing UE power high limit
High power UE has been discussed quite much in earlier RAN plenary meetings, and the following HPUE application scenarios were agreed to be discussed together with other HPUE related baskets work item (WI) in RAN-96 e-meeting:
· Power class 2, 23dBm+23dBm: FDD+FDD, non-MIMO
· Power class 1.5, 26dBm+26dBm: FDD+FDD, non-MIMO
· Intra-band non-contiguous CA
And for further solutions for increased power limited for CA/DC scenario, RAN4 will continue to discuss the potential solution for increasing power limited, so HPUE related topics may continue to be discussed mainly in RAN4.
In RAN #97 e-meeting, detailed specific HPUE related enhancements have been approved to be further discussed in HPUE basket WI:
· HPUE basket for EN-DC 
· HPUE for NR intra-band CA/DC on TDD band(s) 
· HPUE basket for NR inter-band CA/DC and NR SUL with high power on TDD bands 
· HPUE basket for NR inter-band CA/DC with high power on FDD bands 
· HPUE basket for TDD bands 
· HPUE for FR1 for FDD single band(s) with PC2 
Therefore, HPUE discussions are overlapping with the related WI discussions in RAN4. In addition, it is not clear what RAN1 need to discuss on this topic. Moreover, considering that there’s limited TU allocation on this topic, it is preferred to have these HPUE related discussions in separate RAN4 basket WIs instead if needed. Thus we have following proposal.
[bookmark: PP1]Proposal 1: HPUE related power domain enhancement should be deprioritized in Rel-18 coverage enhancement topic.
2.2 Enhancements to reduce MPR/PAR
Frequency domain spectrum shaping is a method expected to reduce PAPR or MPR value as well as to increase the actual transmission power, and transparent FDSS has already been supported in the current NR spec. The transmitted signal is filtered in frequency domain by pulse shaping filter to lower the PAPR. However, as shown in figure 1, the introduction of shaping filter would reduce the transmission power of the edge of the allocated frequency band, and demodulation performance would therefore be degraded. Hence, enhancements are proposed to be studied in this topic to find the trade-off between PAPR and demodulation performance so that a higher power boost gain can be achieved. 


Figure 1. illustration of frequency domain spectrum shaping
Spectrum extension is one possible approach to improve demodulation performance. Two typical methods, reserve FDSS and repetition FDSS, are illustrated in figure 2, based on whether the data are repeated in the extension PRBs or not.


Figure 2. 3 typical FDSS types
In addition, in figure 2, ‘normal FDSS’ is also illustrated, which is the legacy FDSS type as we have discussed. 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. Compared with reserve FDSS, the repetition FDSS is expected to have extra demodulation performance gain since the repeated signal and origin signal can be combined in the receiver side. 
To evaluate the performance of these FDSS methods, both link-level simulation and RF evaluation are performed. Detailed evaluation assumptions in link level are provided in appendix A while RF evaluation details can be found in [2].
 [image: ]
Figure 3. BLER performance for different FDSS types
[bookmark: OB2]The LLS results is provided in Figure 3. It can be observed that, compared to no FDSS, about 0.3 to 2dB loss can be observed from FDSS, except that only 0.7dB gain can be achieved from repetition FDSS. Note that in the link level evaluation, when receiving the PUSCH with repetition FDSS, both allocated DMRS and repeated DMRS are considered for channel estimation, which is why some performance gain can be observed in this case. However, with data repeated on reserved PRBs, the ACLR would be worse in the RF evaluation which will be discussed later in this contribution.
[bookmark: OB3]Observation 1: Compared to no FDSS, FDSS can have demodulation performance loss or little gain even with spectrum extension.
Meanwhile, the PAPR performance can be seen in Figure 4.
[image: ]
Figure 4. PAPR performance of FDSS types
It can be observed that FDSS can lower the PAPR value. However, the PAPR values of reserve FDSS and repetition FDSS are worse compared with normal FDSS, and reserve FDSS has about 0.2dB loss though repetition FDSS has a little loss compared with legacy FDSS.
[bookmark: OB4]Observation 2: FDSS enhancement will suffer from PAPR performance loss compared with legacy 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 enhacement. The detailed RF evaluation results and analysis are provided in [2]. 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, EVM performance is improved for both reserve FDSS and repetition FDSS compared with normal FDSS, however, the power boost gain is quite small and is around 0.3~0.5dB. As for repetition FDSS, the main limit factor changes from EVM to ACLR as is seen in the RF evaluation, therefore the demodulation performance gain would not help for the power boost. These aspects should be carefully studied in RAN4 RF evaluations.
According to above, we have following proposal.
[bookmark: PP2]Proposal 2: FDSS enhancement in Rel-18 should be carefully studied and should not be specified unless justified by obvious power boost gain.
3. Conclusion
In this contribution, we discuss the necessity of HPUE and FDSS related enhancement, and have following observations and proposals: 
Observation 1: Compared to no FDSS, FDSS can have demodulation performance loss or little gain even with spectrum extension.
Observation 2: FDSS enhancement will suffer from PAPR performance loss compared with legacy FDSS.
Proposal 1: HPUE related power domain enhancement should be deprioritized in Rel-18 coverage enhancement topic.
Proposal 2: FDSS enhancement in Rel-18 should be carefully studied and should not be specified unless justified by obvious power boost gain.
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Appendix A - link level simulation assumptions
	Parameters
	Values

	Pulse shaping filter
	[0.28 1 0.28]

	Carrier frequency
	4GHz

	SCS
	30 kHz

	Channel model
	TDL-A 30ns

	MCS
	MCS 0 with pi/2 BPSK

	Waveform
	DFT-S-OFDM

	Number of DMRS symbols 
	2

	PRB configuration
	16 allocated PRBs, 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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