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1. [bookmark: _Ref521334010]Introduction
One of the objectives in Rel-18 further NR coverage enhancements WID [1] is power domain enhancements 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)



In this contribution, we provide our views on power domain enhancements.
2. Discussion
Increasing UE power high limit
Rel-17 RAN 4 WI on “Increasing UE power high limit for CA and DC” was completed in RAN#96, which enables a UE to indicate a capability to transmit a maximum output power higher than what the power class for a UL CA or DC configuration would have previously allowed [2]. For Rel-18, it is up to RAN 4 to decide whether/how to further enhance to realize increasing UE power high limit for CA and DC from RAN 4 perspective. From RAN 1 perspective, the Rel-17 RAN 4 WI has no RAN1 impact. It is not clear what the RAN 1 impact would be based on Rel-17 RAN 4 work in Rel-18.
Observation: RAN 1 impact based on Rel-17 RAN 4 work on “Increasing UE power high limit for CA and DC” is unclear.

FDSS (Frequency Domain Spectrum Shaping)
In Rel-17 study, FDSS was proposed as a candidate PUSCH coverage enhancement scheme to reduce MPR/PAR in order to achieve higher transmission power at UE side. FDSS with spectrum extension for DFT-S-OFDM was proposed in [3] and FDSS with tone reservation was proposed in [4]. 
According to the WID, the objective is led by RAN 4. The MPR/PAR reduction by FDSS with and without spectrum extension for DFT-S-OFDM and tone reservation should be first studied in RAN 4. The requirements of MPR for power class 3 and power class 2 defined in TS 38.101-1 are as shown in the following tables. 
Table 1: Maximum power reduction (MPR) for power class 3 from TS 38.101-1
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.51
	≤ 1.21
	≤ 0.21

	
	
	≤ 0.52
	≤ 0.52
	02

	
	QPSK
	≤ 1
	0

	
	16 QAM
	≤ 2
	≤ 1

	
	64 QAM
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5

	[bookmark: _Hlk525291220]NOTE 1:	Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and if the IE powerBoostPi2BPSK is set to 1 and 40 % or less slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 26 dBm.
NOTE 2:	Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n41, n77, n78 and n79 with Pi/2 BPSK modulation and if the IE powerBoostPi2BPSK is set to 0 and if more than 40 % of slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79.



Table 2: Maximum power reduction (MPR) for power class 2 from TS 38.101-1
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.5
	≤ 0.5
	0

	
	QPSK
	≤ 3.5
	≤ 1
	0

	
	16 QAM
	≤ 3.5
	≤ 2
	≤ 1

	
	64 QAM
	≤ 3.5
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3.5
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5


It can be seen that the MPR requirements are dependent on the power class, waveform, modulation order and RB allocations. For coverage limited UEs, DFT-S-OFDM is expected to be used. With dynamic switching between DFT-S-OFDM and CP-OFDM supported in Rel-18, gNB can switch to DFT-S-OFDM for coverage limited UEs more dynamically. In addition, high modulation orders are not expected to be used for coverage limited UEs. Therefore, it is proposed that the MPR/PAR reduction by FDSS with and without spectrum extension and tone reservation should be first studied in RAN 4 focusing on DFT-S-OFDM and low modulation orders.
Proposal 1: The MPR/PAR reduction by FDSS with and without spectrum extension and tone reservation should be first studied in RAN 4 focusing on relevant waveform and modulation order for coverage limited UEs.
MPR/PAR reduction is one potential benefit of FDSS. But other aspects need to be considered as well. From performance perspective, the BLER performance with FDSS should be evaluated. In addition, FDSS with spectrum extension and FDSS with tone reservation would increase the overhead due to the requirement of additional RBs. The overall impact on spectrum efficiency should take into account the overhead. From transmitter side, FDSS is expected to increase the implementation complexity. At the receiver side, the implementation complexity may depend on the detailed scheme and algorithm. The standardization efforts would be quite different at least from RAN 1 point of view for different schemes. For FDSS without spectrum extension, there may be no or minimal RAN 1 spec impact. But for FDSS with spectrum extension and FDSS with tone reservation, at least new schemes need to be defined for spectrum extension and indicating the tones reserved for the UE to shape the waveform respectively. The spec impact is not expected to be small.
Proposal 2: FDSS should be carefully studied taking performance, overhead, implementation complexity and standardization efforts into account.
3. Conclusions
In this contribution, we discussed power domain enhancements with the following observation and proposals.
Observation: RAN 1 impact based on Rel-17 RAN 4 work on “Increasing UE power high limit for CA and DC” is unclear.
Proposal 1: The MPR/PAR reduction by FDSS with and without spectrum extension and tone reservation should be first studied in RAN 4 focusing on relevant waveform and modulation order for coverage limited UEs.
Proposal 2: FDSS should be carefully studied taking performance, overhead, implementation complexity and standardization efforts into account.
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