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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4 #108 meeting, some agreements about power domain enhancements have been reached in[1], captured as follows. So, based on transparent scheme of FDSS and power boosting, we analyze the current simulation results and present some proposals and observations about specification change in this contribution.
	<Way forward/Agreement>: 
	-	Consider FDSS for the PAR/MPR reduction requirement.
	-	RAN4 proceed with the current simulation result.
	- 	New simulation results provided during the work phase of the WI not precluded.
-	RAN4 shall consider defining Power Boosting for QPSK DFT-s-OFDM within Rel-18 timeframe
		-	Applicable power-class(es) is FFS
		-	RAN4 shall consider requirements for QPSK Power Boosting for:
					-	Spectrum Flatness 
					-	ACLR
	-	Companies are encouraged to bring proposals in showing needed changes to the specification for the next 
		meeting.


2. [bookmark: _Hlk145493529][bookmark: _Hlk145440945]Possible power boosting scheme for R18
In contribution[2], some simulation results of OBO for baseline (No FDSS) and FDSS with sweeping RB num and RB start position have been submitted, as shown in figure 1 and figure 2 below.
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                       (a) baseline                                (b) FDSS
Figure1. OBO for DFT-s-OFDM, QPSK, 20MHZ, sweeping RB num and RB start position 
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                       (a) baseline                                 (b) FDSS
Figure2. OBO for DFT-s-OFDM, QPSK, 100MHZ, sweeping RB num and RB start position 
The figures show that the negative-MPR region expands with FDSS scheme obviously. In figure (a), most negative-MPR RB allocations are in the inner region, however in figure (b), many parts of outer region also have negative-MPR feature. In response to this situation, we have proposed three kinds of schemes about specification change to best demonstrate the new performance of the output power.
2.1.A. Scheme 1: Increase upper and lower bounds of PCMAX,f,c for region1 by ΔPPowerBoost 
The intention for this scheme is to improve MPR while boosting power. The following figures are MPR data of power class 3 DFT-s-OFDM waveform using FDSS scheme for QPSK, and as can be seen that there are two kinds of triangular domain in both of the figures. The smaller triangle circled by black line is the current inner region defined in MPR requirement in TS 38.101-1, and the bigger triangle circled by blue line is named as ‘new inner’ region, which represents the region where the MPR data is lower than -0.3dB. This region can guarantee that its internal RB configuration could transmit with the maximum output power exceeding its powerclass by at least 0.3dB, so both the upper and lower bounds of PCMAX,f,c could be added by ΔPPowerBoost=0.3 dB. The ‘new inner’ region applies to both 20MHz and 100MHz. 
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[bookmark: _Hlk146201502](a) MPR data for QPSK, DFT-s-OFDM(BW=20MHz)        (b) MPR data for QPSK, DFT-s-OFDM(BW=100MHz)
Figure3. MPR data for power class 3 using FDSS, scheme1
[bookmark: _Hlk146032492][bookmark: _Hlk145492697][bookmark: _Hlk145495455]Observation 1: In scheme1, the bounds of PCMAX,f,c could be changed as follows. It should be noted that, ΔPPowerBoost =0.3 dB only applies to ‘new inner’ region.
PCMAX_L,f,c ≤ PCMAX,f,c ≤ PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass + ΔPPowerBoost }
[bookmark: _Hlk145433519]The duty cycle should also be re-evaluated based on ΔPPowerBoost, referred to contribution[3], a boost value of 1 dB would be accompanied by reducing any UL duty cycle values to 10-0.1, i.e. duty cycle X scales to 0.79X. The current duty cycle of UE operating in TDD mode with Pi/2 BPSK modulation is 40% if the power boosting is allowed, so if ΔPPowerBoost=0.3 dB, the maximum duty cycle of UE operating in TDD mode with QPSK modulation would be scaled to 93% with UE using transparent schemes to improve output power such as FDSS.
Proposal 1: When PC3 UE transmits with boosted power, the maximum allowed duty cycle of UE needs to be scaled from 100% to 100%*10-0.1.
[bookmark: _Hlk146032833]In pi/2 BPSK, whether the UE can boost its power over power class depends not only on the UE capability powerBoosting-pi2BPSK but also on the network configuration powerBoostPi2BPSK, and we think similar rules can also be applied to QPSK power boosting.
Proposal 2: Whether the power boosting for QPSK is allowed should depend on both UE capability and NW configuration.
At the same time, the MPR table could also change, mainly for some part of the current outer region. After evaluation of the data shown in figure3, MPR requirement of the ‘new outer + edge’ region can be reduced to 0.4 dB by FDSS scheme, also on condition that the UE operates in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK] and the IE [powerBoostQPSK] is set to 1, recorded in NOTE 3 of table1. As to the conditions where note 3 does not apply, MPR=1 with NOTE 4 applies for current outer + edge region. Note that in the both scenarios above, the reference power of 0 dB MPR is 23dBm.
[bookmark: _Hlk146033316]Observation 2: MPR requirement for scheme 1 could be changed as Table 1. 
[bookmark: _Hlk145442671]Table 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
	≤ [0.4]3
	03

	
	
	≤ 14
	04

	
	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

	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 conditions where note 1 does not apply.
NOTE 3:  Applicable for UE operating in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK].
NOTE 4:	Applicable for conditions where note 3 does not apply.


[bookmark: _Hlk146033333][bookmark: _Hlk146031157]The RB allocation ranges of ‘new inner’ region can be defined by parameter RBStart and LCRB. RBStart represents the allocated position of first RB, and LCRB represents the length of a contiguous RB allocation. The relationship between them is shown as below, floor(x) is the greatest integer less than or equal to x, ceil(x) is the smallest integer greater than or equal to x.
[bookmark: _Hlk146275019]Observation 3: In scheme 1, the RB allocation ranges of ‘new inner’ region can be defined by parameter RBStart and LCRB:
[bookmark: _Hlk146134052]RBStart,Low = ceil(1/7 * LCRB)
RBStart,High = floor(NRB - 8* RBStart,Low),
RBStart,Low ≤ RBStart ≤ RBStart,High, and
LCRB ≤ floor(7/9 * NRB)
2.1.B. Scheme 2: Increase upper bound of PCMAX,f,c for region1 by ΔPPowerBoost 
In scheme 2, the power boosting and MPR improvement will be treated separately. There are two main differences compared to scheme 1.
(1) The ‘new inner’ region is defined where MPR < 0 dB, which means for the RB allocation within this new inner, the MPR can be improved to 0 dB;
(2) Within this ‘new inner’ region, the minimum MPR can reach -1 dB and we use 1 dB as power boosting value to show the maximum output power can achieved by the best effort of UE in this region. 
Since within this ‘new inner’ region, not all RB allocations can achieve 1 dB power boost, so only the upper bound of PCMAX_H,f,c can be improved.
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(a) MPR data for QPSK, DFT-s-OFDM(BW=20MHz)        (b) MPR data for QPSK, DFT-s-OFDM(BW=100MHz)
Figure4. MPR data for power class 3 using FDSS, scheme2
Observation 4: In scheme2, the upper bound of PCMAX,f,c could be changed as follows. It should be noted that,ΔPPowerBoost =1 dB only applys to ‘new inner’ region.
[bookmark: _Hlk145492105]PCMAX_L,f,c ≤ PCMAX,f,c ≤ PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c, (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass + ΔPPowerBoost }
Similar to scheme1, UE should also report its capability of supporting power boost for QPSK, and the network should also send signal to UE to instruct it to increase the upper limit of the maximum output power. And the corresponding maximum duty cycle should be decreased with the boost value. The changes of MPR table are shown below:
Table 2. 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
	≤ [0.4]3
	03

	
	
	≤ 14
	04

	
	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

	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 conditions where note 1 does not apply.
NOTE 3:  Applicable for UE operating in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK].  
NOTE 4:	Applicable for conditions where note 3 does not apply.


[bookmark: _Hlk146033186][bookmark: _Hlk146033358][bookmark: _Hlk146651822][bookmark: OLE_LINK10]Observation 5: In scheme 2, the RB allocation ranges of ‘new inner’ region can be defined by parameter RBStart and LCRB:
RBStart,Low = ceil(1/8 * LCRB)
RBStart,High = floor(NRB – 8.5* RBStart,Low),
RBStart,Low ≤ RBStart ≤ RBStart,High, and
LCRB ≤ floor(8/9.5 * NRB)
2.2. Scheme3: Refer to current pi/2BPSK mechanism
This scheme is much simpler: reuse current power boosting mechanism for pi/2 BPSK, which means the MPR evaluation is based on 26 dBm and the region division remains unchanged, the description is listed in below:
PCMAX_L,f,c ≤ PCMAX,f,c ≤ PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c, (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c, PPowerClass – ΔPPowerClass }
[bookmark: _Hlk145492280][bookmark: _Hlk145492499]   When the IE [powerBoostQPSK] is set to 1, PEMAX,c is increased by +3 dB for a power class 3 capable UE operating in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK] and 40% or less symbols in certain evaluation period are used for UL transmission when PEMAX,c ≥ 20 dBm (The exact evaluation period is no less than one radio frame).
	When the IE [powerBoostQPSK] is set to 1, ΔPPowerClass = -3 dB for a power class 3 capable UE operating in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK] and 40% or less slots in radio frame are used for UL transmission.
Based on our simulation results, the changes of MPR table are shown in Table 3:
Table 3. 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
	≤ [3.4]3
	2.73

	
	
	≤ 14
	04

	
	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

	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 conditions where note 1 does not apply.
NOTE 3:  Applicable for UE operating in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK] and if the IE [powerBoostQPSK] is set to 1 and 40 % or less slots in radio frame are used for UL transmission. The reference power of 0 dB MPR is 26 dBm.
NOTE 4:	Applicable for conditions where note 3 does not apply.


It can be found that the UE output power cannot achieve 26 dBm but due to the 3 dB power boost value in the upper bound of PCMAX_H,f,c, the maximum duty cycle has to be restricted to 40% and the UL performance will be further degraded.
Observation 6: In scheme 3, UE with QPSK can never achieve 3 dB power boosting but even has to suffer from the unreasonable duty cycle restriction due to this fake power boost value. 
3. Comparison of pros and cons
Table 4 is the comparison of pros and cons for the above three power boosting schemes. And the related analysis is shown as follows.
Apparently, the scheme 1 and 2 are more flexible in dividing RB allocation regions, as the MPR value feature of different RB allocations is different with the original dividing region after using transparent schemes. The figure1 and 2 above show that the negative-MPR regions, where the UE power can exceed the power class, obviously expand with FDSS scheme. The MPR of the whole inner region and part of outer region can reach -1~-0.3dB, and the other part of outer+edge region can reduce to 0.4dB MPR, based on 0dB MPR=23dBm. So, it is necessary to redefine a new area to cover the new output power performance. So, two different kinds of ‘new inner’ regions are defined for scheme1 and scheme2.
Scheme1: Both the upper and lower bounds of PCMAX,f,c for ‘new inner’ region are increased by ΔPPowerBoost, which can ensure that the maximum output power is directly raised to an appropriate level. The improvement of UE performance can be guaranteed for any RB allocation, but the guaranteed boost value is smaller. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Scheme 2: Only the upper bound of PCMAX,f,c for ‘new inner’ region is increased by ΔPPowerBoost. This scheme shows the maximum output power of UE with FDSS within ‘new inner’ region, but not all RB allocations can achieve such high-power boost value.
Scheme 3: PCMAX,f,c is increased by 3dB, and the MPR value is evaluated based on 26 dBm. Since UE actually can never reach 26 dBm output power, the MPR will be very large, and due to 3 dB fake power boosting in the upper bound of PCMAX,f,c, the maximum duty cycle has to restricted to 40% which will make the UL performance of UE become even worse.
Observation 7: The Pros&Cons for scheme 1~3 are summarized in Table 4.
[bookmark: OLE_LINK16]Table 4. Pros and Cons of scheme 1-3
	[bookmark: _Hlk146706062]
	Pros
	Cons

	Scheme1
	1、More flexible in defining the region for MPR improvement and power boosting under FDSS. 
2、Both the lower and upper bounds of PCMAX,f,c can be improved.
3、The improvement of UE performance can be guaranteed for any RB allocation within ‘new inner’ region.
	The guaranteed boost value is smaller.

	Scheme2
	1、More flexible in defining the region for MPR improvement and power boosting under FDSS.
2、UE is allowed to achieve higher output power by best effort.
	1、Only the upper bound of PCMAX,f,c is increased.
2、Not all RB allocation within new inner can achieve the power boost value. 

	Scheme3
	No need to define new region.
	1、MPR is large and UE can never reach 26 dBm output power.
2、The duty cycle will be restricted to 40% due to the fake 3 dB power boost.



After comparison of scheme 1-3, scheme1 is the best choice for specification change in the current stage, so it can be used as baseline for power boosting. 
Proposal 3: Scheme1 can be used as baseline for R18 power boosting.
4. Conclusion
Observation 1: In scheme1, the bounds of PCMAX,f,c could be changed as follows. It should be noted that, ΔPPowerBoost =0.3 dB only applys to ‘new inner’ region.
PCMAX_L,f,c ≤ PCMAX,f,c ≤ PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c, (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c, PPowerClass – ΔPPowerClass + ΔPPowerBoost }
Observation 2: MPR requirement for scheme 1 could be changed as Table 1. 
Table 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
	≤ [0.4]3
	03

	
	
	≤ 14
	04

	
	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

	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 conditions where note 1 does not apply.
NOTE 3:  Applicable for UE operating in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK].
NOTE 4:	Applicable for conditions where note 3 does not apply.


Observation 3: In scheme 1, the RB allocation ranges of ‘new inner’ region can be defined by parameter RBStart and LCRB:
RBStart,Low = ceil(1/7 * LCRB)
RBStart,High = floor(NRB - 8* RBStart,Low),
RBStart,Low ≤ RBStart ≤ RBStart,High, and
LCRB ≤ floor(7/9 * NRB)
Observation 4: In scheme2, the upper bound of PCMAX,f,c could be changed as follows. It should be noted that, ΔPPowerBoost =1 dB only applies to ‘new inner’ region.
[bookmark: _Hlk146702907]PCMAX_L,f,c ≤ PCMAX,f,c ≤ PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c, (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c, PPowerClass – ΔPPowerClass + ΔPPowerBoost }
Observation 5: In scheme 2, the RB allocation ranges of ‘new inner’ region can be defined by parameter RBStart and LCRB:
RBStart,Low = ceil(1/8 * LCRB)
RBStart,High = floor(NRB – 8.5* RBStart,Low),
RBStart,Low ≤ RBStart ≤ RBStart,High, and
LCRB ≤ floor(8/9.5 * NRB)
Observation 6: In scheme 3, UE with QPSK can never achieve 3 dB power boosting but even has to suffer from the unreasonable duty cycle restriction due to this fake power boost value. 
Observation 7: The Pros&Cons for scheme 1~3 are summarized in Table 4.
Table 4. Pros and Cons of scheme 1-3
	
	Pros
	Cons

	Scheme1
	1、More flexible in defining the region for MPR improvement and power boosting under FDSS. 
2、Both the lower and upper bounds of PCMAX,f,c can be improved.
3、The improvement of UE performance can be guaranteed for any RB allocation within ‘new inner’ region.
	The guaranteed boost value is smaller.

	Scheme2
	1、More flexible in defining the region for MPR improvement and power boosting under FDSS.
2、UE is allowed to achieve higher output power by best effort.
	1、Only the upper bound of PCMAX,f,c is increased.
2、Not all RB allocation within new inner can achieve the power boost value. 

	Scheme3
	No need to define new region.
	1、MPR is large and UE can never reach 26 dBm output power.
2、The duty cycle will be restricted to 40% due to the fake 3 dB power boost.


Proposal 1: When PC3 UE transmits with boosted power, the maximum allowed duty cycle of UE needs to be scaled from 100% to 100%*10-0.1.
Proposal 2: Whether the power boosting for QPSK is allowed should depend on both UE capability and NW configuration.
Proposal 3: Scheme1 can be used as baseline for R18 power boosting.
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