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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]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)



[bookmark: OLE_LINK1]In this contribution, we provide our views on the second sub-bullet about power domain enhancements to reduce MPR.
2. Discussion

In the existing spec, for Pi/2 BPSK modulation, when the UE supports the UE capability powerBoosting-pi2BPSK, it is possible for UE to improve the maximum output power for power class 3 for PI/2 BPSK modulation. 
	Table 6.2.2-1 Maximum power reduction (MPR) for power class 3
	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

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 0.52
	 02
	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. 






Meanwhile, in the Release 17, the Study Item ’Optimizations of pi/2 BPSK uplink power in NR’ was discussed and the corresponding agreements and conclusions have been captured in the TR 38.868. In our understanding, the Study Item mainly focused on the power boost for power class 2. And in order to effectively increase the UE coverage, the frequency domain spectrum shaping without spectrum extension is considered. Based on the following highlighted part of TR 38.868, the choice of filter is completely up to UE implementation which needs to consider the performance of both the transmitter and receiver. Both the data and DMRS need to be filtered and there is no need for the network to know the filter parameters.
	1. PA architecture (R4-2107897, RAN4#99-e):
· All companies to initially study 1 PA designs
· Interested companies can subsequently study multi-PA designs
2. Adjustment of ACLR requirements (R4-2115064, RAN4#100-e):
· Companies agreed that if the output power is increased beyond PC1 levels, the ACLR would have to be re-evaluated.
3. UE type considered for power enhancement (R4-2115064, RAN4#100-e):
· Companies agreed to initially address UE handhelds with PC2 as a baseline
· Other power classes are not precluded (moderator comment)
4. Use of net gain for evaluating candidate filters (R4-2120057, RAN4#101-e):
· Net gain that combines both the transmitter and receiver performances should be the deciding criterion for filter evaluation 
5. Both data and DMRS are filtered. The choice of filters is up to UE implementation and transparent to the network (RP-213655, RAN#94e)
6. There is no need to update ACLR requirements for PC2 (R4-2202386)
7. Maintain the spectral flatness specifications established in the Rel-16 specifications (R4-2202386)
8. There is no need to specify a minimum LCRB value for net gain (R4-2202386).
9. Whether to modify the MPRs for the existing regions or define new regions for power boost of PC2 1Tx PA can be deprioritized in the SI
10. For 1Tx PC2 PAs, MRP relative to 29dBm should be less than or equal to 2dB.
11. Limit UL slots in radio frame to max 25% to guarantee SAR compliance and to reduce strain on amplifier (R4-2203682, R4-2204085) for 1 dB power boost
12. Further study of the power boosting requirements for PC2 with dual Tx can be deprioritized in SI



According to the WID, the new method including frequency domain spectrum shaping with spectrum extension needs to be studied to reduce MPR in Release 18. So as to evaluate the performance of the new method, we modelled the FDSS with spectrum extension, performed the MPR simulation and provided the related simulation results. The PC3 PA model is used and the PA calibration is that when the ACLR is 30dBm, the MPR is 1dB for the waveform of 20MHz DFT-s-OFDM QPSK 100RB0 considering the 4dB PA loss. In addition, the RF requirements include the EVM and ACLR are considered for deciding the final power boost. The bandwidth is 20MHz and the SCS is 15kHz. And the filter parameter used in the simulation is [0.28 1 0.28].
Four methods (e.g., [no filter], [filter without spectrum extension], [filter with spectrum extension w/o coping data], [filter with spectrum extension with coping data]) are used in MRP simulation and the modulation mode is PI/2 BPSK. It can be observed from Figure 1 that for ‘Filter with spectrum extension w/o coping data’, the extended part is filled with ‘0’. However, the extended part is filled with the copy data from the two sides of allocated PRBs for ‘Filter with spectrum extension with coping data’.
[image: ]
 Figure 1
Since the maximum output power has not been determined, we used the current 27dBm as 0dB MPR. The physical implementation challenge is not considered in the simulation. And the preliminary MPR simulation results are as follows:
	waveform
	No filter
	Filter without spectrum extension
	Filter with spectrum extension w/o copying data
	Filter with spectrum extension with copying data

	
	Power boost (dBm)
	limit
	Power boost (dBm)
	limit
	Power boost (dBm)
	limit
	Power boost (dBm)
	limit

	Inner (20RB@RB40) 
Ex RB 6 (3RB+20RB+3RB)
	2
	EVM
	2
	EVM
	2
	EVM
	1.5
	EVM

	Outer1 (60RB@RB20)
Ex RB 10 (5RB+60RB+5RB)
	1
	ACLR
	1.5
	EVM
	1.8
	EVM
	1.7
	ACLR

	Outer2 (60RB@RB20)
Ex RB 20 (10RB+60RB+10RB)
	1
	ACLR
	1.5
	EVM
	2
	EVM/ACLR
	1.5
	ACLR



It can be observed that for inner allocation (e.g., 20RB@RB40), the FDSS with and without spectrum extension may be not very helpful for power boosting. The main limit factor is that the PA has reached the saturation power. And for FDSS without spectrum extension, it can improve the PAPR performance, while the EVM performance decreases due to the frequency domain spectral shape compared with no filter. Therefore, the main limit factor changes from ACLR to EVM and there is 0.5dB power boost. For FDSS with spectrum extension without coping data, because the spectral shape is less aggressive than FDSS without spectrum extension, it can effectively improve the EVM performance and there is 0.3-0.5dB power boost. However, for FDSS with spectrum extension with coping data, the main limit factor changes from EVM to ACLR compared with FDSS without coping data.
Observation 1: For the outer allocation (e.g., 60RB@RB20), FDSS with spectrum extension (no copying data) can improve the EVM performance compared with FDSS without spectrum extension, but there is only 0.3-0.5dB power boost.
Observation 2: For the outer allocation (e.g., 60RB@RB20), for FDSS with spectrum extension (copying data), The main limit factor changes from EVM to ACLR compared with FDSS without coping data.
In addition, provided that FDSS with spectrum extension is specified, the impact on spec would be very large. Firstly, the extension RB number for different allocated RBs needs to be studied. If the extension RB number is larger, it would case the waste of RB resources. On the other hand, there may no visible power boost gain when the extension RB number is not enough. And even the extension RB number is defined, for some RB configuration (e.g., edge RB allocation), there may be no extra PRBs to allow to perform the spectrum extension due to that the allocated RB has been located on the edge of bandwidth. Secondly, apart from the specific MPR value, the RB allocation range division (i.e., inner, outer, edge) also needs to be reconsidered when the FDSS with spectrum extension is specified. It is necessary to study that whether or how the extension RB is considered for the rule of RB allocation range division.
Observation 3: Provided the FDSS with spectrum extension is specified, the impact on spec would be very large, including the detailed extension RB number for different allocated RBs and the detailed MPR value for different RB regions. In addition, the RB allocation ranges (i.e., inner, outer, edge) also needs to be reconsidered.
[bookmark: _GoBack]So based on the above analyse, we propose that FDSS enhancement (i.e., FDSS with spectrum extension) in Rel-18 should be carefully studied and should not be specified unless being justified by obvious power boost gain.
Proposal 1: FDSS enhancement (i.e., FDSS with spectrum extension) in Rel-18 should be carefully studied and should not be specified unless being justified by more obvious power boost gain.
3. Conclusion
Observation 1: For the outer allocation (e.g., 60RB20), FDSS with spectrum extension (no copying data) can improve the EVM performance compared with FDSS without spectrum extension, but there is only 0.3-0.5dB power boost.
Observation 2: For the outer allocation (e.g., 60RB20), for FDSS with spectrum extension (copying data), the main limit factor changes from EVM to ACLR compared with FDSS without coping data.
Observation 3: Provided the FDSS with spectrum extension is specified, the impact on spec would be very large, including the detailed extension RB number for different allocated RBs and the detailed MPR value for different RB regions. In addition, the RB region division (i.e., inner, outer, edge) also needs to be reconsidered.
Proposal 1: FDSS enhancement (i.e., FDSS with spectrum extension) in Rel-18 should be carefully studied and should not be specified unless being justified by more obvious power boost gain.
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