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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4 #108-bis 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>: 
-	Power boosting for QPSK is available under network control. A new UE capability is assumed for transparent power boosting for QPSK.  
-	When boosting is enabled a UE shall only be allowed to boost/increase its output power from its nominal power class with a maximum of [1dB]. The tolerances for the nominal power class applies to the boosted power level.    
-	ACLR for the nominal power class apply when power boosting is enabled with a maximum of [1dB] of power boosting.
-	If spectrum flatness requirements from clause 6.4.2.4 in 38.101-1 for QPSK can not be met for the enhancement a new requirement shall be defined.
-	Reuse the current RB region definition. i.e. outer/edge and inner. 
[bookmark: _Hlk149926331]-	Power boosting will be defined within the inner region.
	-	Power boosting is equivalent to [ΔPpowerboosting=1dB] applied to Ppowerclass. 


2. [bookmark: _Hlk145493529][bookmark: _Hlk145440945]Possible power boosting scheme for R18
Some simulation results of OBO for FDSS and baseline (No FDSS) with sweeping RB num and RB start position have been submitted, as shown in the figures below. We have proposed two schemes about specification change to best demonstrate the new performance of the output power.
[bookmark: _Hlk149664340][bookmark: _Hlk149316559][bookmark: _Hlk149309994][bookmark: _Hlk149316082]Scheme1: Increase upper bound of PCMAX,f,c for inner region by ΔPPowerBoost
[bookmark: _Hlk149664805]The intention for this scheme is to improve the upper bound of PCMAX,f,c. Two different PA models are used to evaluate the output performance of different RB allocations with FDSS, as shown graphically below in figure 1 and figure 2. Compared with baseline (no FDSS) scheme in figure 3 and 4, the output power of both the inner region and outer region increases apparently, and the negative-MPR area also expands a lot. 
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(a) MPR data for QPSK, DFT-s-OFDM(BW=20MHz)        (b) MPR data for QPSK, DFT-s-OFDM(BW=100MHz)
Figure1. MPR data for power class 3 using FDSS, scheme1, PA model1     
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(a) MPR data for QPSK, DFT-s-OFDM(BW=20MHz)        (b) MPR data for QPSK, DFT-s-OFDM(BW=100MHz)
Figure2. MPR data for power class 3 using FDSS, scheme1, PA model2
As the agreement in the WF[1] stated that, power boosting will be defined within the inner region and equivalent to [ΔPpowerboosting=1dB] applied to Ppowerclass. From the simulation results shown in figure 1 and 2, the MPR value with FDSS floats from -1.3dB to -0.3dB for the inner region, considering the differences introduced by different PA models. In view of the features and capabilities of different PA models and UE implementations, some margins should be taken into account as well. 
[bookmark: _Hlk149316671][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: _Hlk149320001][bookmark: _Hlk149328547]Therefore with the scheme of FDSS, the boost value of the inner region can be set at 1dB, and added to the upper bound of PCMAX to show the maximum output power can achieved by the best effort of UE, 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. Since within the inner region, not all RB allocations can achieve 1 dB power boost, only the upper bound of PCMAX,f,c can be improved. And the lower bound will not change so UE could have more implementation flexibility. At the same time, the MPR requirement for the inner region will not change and retain at 0dB, which means that there is no further output power reduction based on the reference power(23dBm for pc3).
Observation 1: Within the inner region, not all RB allocations can achieve 1 dB boost value even using FDSS.
Proposal 1: The power boosting is only applied to current inner region, and only upper bound of PCMAX,f,c can be improved. The MPR requirement for the inner region retains at 0dB.
However, it can also be observed from figure 3 and 4 that, without any transparent schemes, the MPR of baseline scheme for the inner region will stay at a rather high level close to 0 dB, and the boost value can not reach 1dB in most RB allocations. So if the boost value is set at 1dB for the inner region, FDSS is necessary.
Observation 2: To reach 1dB power boosting value, FDSS is necessary for most part of the inner region.
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(a) MPR data for QPSK, DFT-s-OFDM(BW=20MHz)        (b) MPR data for QPSK, DFT-s-OFDM(BW=100MHz)
Figure3. MPR data of baseline for power class 3, scheme1, PA model1
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[bookmark: _Hlk149588568](a) MPR data for QPSK, DFT-s-OFDM(BW=20MHz)        (b) MPR data for QPSK, DFT-s-OFDM(BW=100MHz)
Figure4. MPR data of baseline for power class 3, scheme1, PA model2
[bookmark: _Hlk149924653]As to the parameter to represent power boost value, reusingΔPpowerclass is not a good idea as the concept of  ΔPpowerclass itself restricts that the value can only be chosen from 3dB, 6dB, and so on, to increase the current power class to a next level. But from the simulation results, it can be apparently seen that the boost value is very limited even with FDSS, so a new parameter should be introduced to distinguish it from the current concept of power class increase. 
At the same time, legacy parameterΔPpowerclass not only acts on both the upper and lower bound of PCMAX,f,c, but also covers the entire RB allocation regions. However, if 1dB boost value can only be implemented in a few areas for the inner region, only the upper bound of PCMAX,f,c can be improved. Meanwhile, when the parameter ΔPpowerclass is invoked, the maximum output power will always be increased unconditionally regardless of which kind of region the RB alllocation belongs to. This action mechanism does not apply to the power boosting scenarios which limit the boost application area to the inner region and maybe some other regions in the future. Based on the analysis above, a new parameter ΔPPowerBoost is defined to indicate the boost value. 
[bookmark: _Hlk149925433][bookmark: _Hlk149930371]Observation 3: The △Ppowerclass implies the change of power level is comparable to the difference between different power class, e.g., 3 dB, 6dB etc. Reusing this parameter for 1 dB power boost will break this original intention.
Observation 4: ΔPpowerclass takes effect on the entire RB allocation regions. But power boosting in R18 will only be defined within a certain region of RB allocation.
[bookmark: _Hlk149925460]Proposal 2: Introducing a new parameter to indicate power boost value is better than reusing ΔPPowerclass, e.g., ΔPPowerBoost.
[bookmark: _Hlk149664306]The duty cycle should also be re-evaluated based on ΔPPowerBoost, referred to contribution[2], 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. So if ΔPPowerBoost=1 dB, the maximum duty cycle of UE operating in TDD mode with QPSK modulation would be scaled to 79% with UE using transparent schemes to improve output power such as FDSS.
[bookmark: _Hlk149667053]Observation 5：In scheme1, the bounds of PCMAX,f,c could be changed as follows. It should be noted that, ΔPPowerBoost =1 dB only applies to 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) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass + ΔPPowerBoost }
[bookmark: _Hlk149656358]For the outer and edge regions with FDSS, the output power can also be improved to some extent, but still not as high as the inner region, the MPR value floats from -1dB to 0.6dB. So the MPR requirement for the outer + edge region can be conservatively set to 0.6dB, 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. Note that in this scenario the reference power of 0 dB MPR is 23dBm, i.e., PCMAX will not change in this area.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 6: The MPR of the outer + edge region can be reduced to a lower level, i.e., 0.6dB with FDSS, and the reference power of 0 dB MPR retains at 23dBm for PC3 in scheme 1.
Observation 7：MPR requirement for scheme 1 could be changed as Table 1. 
Table 1. Maximum power reduction (MPR) for power class 3
	[bookmark: _Hlk149727471]Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

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

	
	
	≤ 0.52,3
	≤ 0.52
	02

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 0.52,3
	 02
	02

	
	QPSK
	≤ [0.6]4
	04

	
	
	≤ 15
	05

	
	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:	For 3 MHz channel bandwidth the  Pi/2 BPSK edge allocation MPR is 1 dB.
NOTE 4:  Applicable for UE operating in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK].
NOTE 5:	Applicable for conditions where note 4 does not apply.


In all, scheme1 can be summarized as follows, and a draft CR[3] is provided for this scheme:
(1) [bookmark: _Hlk149665457]For the inner region: The upper bound of PCMAX,f,c is increased by parameter ΔPPowerBoost=1dB, and the lower bound retains the original format. The MPR value is kept as 0dB with reference power for PC3 is 23dBm.
(2) For the outer+edge region: PCMAX,f,c is not changed. The MPR value reduces to 0.6dB with reference power for PC3 is 23dBm.
(3) [bookmark: _Hlk149666046]All the changes (including both outer+edge and inner region) are based on using transparent shemes such as FDSS. And 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. The maximum duty cycle of UE operating in TDD mode with QPSK modulation would be scaled to 79%.
(4) Within the FDSS-used area, which in this scheme refers to all the RB allocation regions, the spectrum flatness requirement should be re-defined.
Considering the boost value [1dB] in the WF[1] is rather high, and most of the inner RB allocations cannot achieve such output power level even with FDSS, only increasing the upper bound of maximum output power is better in this scenario. Scheme 1 can be used as baseline for power boosting.
[bookmark: _Hlk149728366]Proposal 3: Scheme1 can be used as baseline for R18 power boosting.





[bookmark: _Hlk149726643][bookmark: _Hlk149665657]Scheme2: Increase upper and lower bound of PCMAX,f,c for inner region by ΔPPowerBoost
[bookmark: _Hlk149665241][bookmark: _Hlk149665753]The difference between scheme1 and scheme2 is whether to increase the lower bound of PCMAX,f,c. If increasing both the upper and lower bound of PCMAX,f,c,, the boost value should not be as high as 1dB. Analyzing the simulation results and considering some margins, it is a better choice to add 0.3dB to both bounds of PCMAX,f,c for inner region, so that its internal RB configuration could transmit with the maximum output power exceeding its powerclass by at least 0.3dB. 
[bookmark: _Hlk149671455]Observation 8: In scheme2, the bounds of PCMAX,f,c could be changed as follows. It should be noted that, ΔPPowerBoost =0.3 dB only applies to 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) }
[bookmark: _Hlk149667072]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, 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.
[bookmark: _GoBack]Observation 9: MPR requirement for scheme 2 could be changed as Table 2.
[bookmark: _Hlk149934920]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

	
	
	≤ 0.52,3
	≤ 0.52
	02

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 0.52,3
	 02
	02

	
	QPSK
	≤ [0.6]4
	05

	
	
	≤ 16
	06

	
	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:	For 3 MHz channel bandwidth the  Pi/2 BPSK edge allocation MPR is 1 dB.
NOTE 4:  Applicable for UE operating in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK].
NOTE 5:	Applicable for UE operating in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK]. The reference power of 0 dB MPR is 23.3 dBm.
NOTE 6:	Applicable for conditions where note 4 and note 5 do not apply.


So scheme2 can be summarized as follows, and a draft CR[4] is provided for this scheme:
(1) [bookmark: _Hlk149917854]For the inner region: The both bounds of PCMAX,f,c are increased by parameter ΔPPowerBoost =0.3dB. The MPR value is kept as 0dB with reference power for PC3 is 23.3dBm.
(2) [bookmark: _Hlk149917702]For the outer+edge region: PCMAX,f,c is not changed. The MPR value reduces to 0.6dB with reference power for PC3 is 23dBm.
(3) All the changes (including both outer+edge and inner region) are based on using transparent shemes such as FDSS. And 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. The maximum duty cycle of UE operating in TDD mode with QPSK modulation would be scaled to 93%.
(4) Within the FDSS-used area, which in this scheme refers to all the RB allocation regions, the spectrum flatness requirement should be re-defined.
[bookmark: _Hlk149918234]Proposal 4：If both the bounds of PCMAX,f,c need to be increased, the boost value should be set to smaller than 1dB, e.g. ΔPPowerBoost =0.3dB.

3. Conclusion
Observation 1: Within the inner region, not all RB allocations can achieve 1 dB boost value even using FDSS.
Observation 2: To reach 1dB power boosting value, FDSS is necessary for most part of the inner region.
Observation 3: The △Ppowerclass implies the change of power level is comparable to the difference between different power class, e.g., 3 dB, 6dB etc. Reusing this parameter for 1 dB power boost will break this original intention.
Observation 4: ΔPpowerclass takes effect on the entire RB allocation regions. But power boosting in R18 will only be defined within a certain region of RB allocation.
Observation 5：In scheme1, the bounds of PCMAX,f,c could be changed as follows. It should be noted that, ΔPPowerBoost =1 dB only applies to 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) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass + ΔPPowerBoost }
Observation 6: The MPR of the outer + edge region can be reduced to a lower level, i.e., 0.6dB with FDSS, and the reference power of 0 dB MPR retains at 23dBm for PC3 in scheme 1.
[bookmark: _Hlk149934901]Observation 7: 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

	
	
	≤ 0.52,3
	≤ 0.52
	02

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 0.52,3
	 02
	02

	
	QPSK
	≤ [0.6]4
	04

	
	
	≤ 15
	05

	
	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:	For 3 MHz channel bandwidth the  Pi/2 BPSK edge allocation MPR is 1 dB.
NOTE 4:  Applicable for UE operating in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK].
NOTE 5:	Applicable for conditions where note 4 does not apply.


Observation 8: In scheme2, the bounds of PCMAX,f,c could be changed as follows. It should be noted that, ΔPPowerBoost =0.3 dB only applies to 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: _Hlk149934949]Observation 9: MPR requirement for scheme 2 could be changed as Table 2. 
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

	
	
	≤ 0.52,3
	≤ 0.52
	02

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 0.52,3
	 02
	02

	
	QPSK
	≤ [0.6]4
	05

	
	
	≤ 16
	06

	
	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:	For 3 MHz channel bandwidth the  Pi/2 BPSK edge allocation MPR is 1 dB.
NOTE 4:  Applicable for UE operating in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK].
NOTE 5:	Applicable for UE operating in TDD mode with QPSK modulation and UE indicates support for UE capability [powerBoosting-QPSK]. The reference power of 0 dB MPR is 23.3 dBm.
NOTE 6:	Applicable for conditions where note 4 and note 5 do not apply.


Proposal 1: The power boosting is only applied to current inner region, and only upper bound of PCMAX,f,c can be improved. The MPR requirement for the inner region retains at 0dB.
Proposal 2: Introducing a new parameter to indicate power boost value is better than reusing ΔPPowerclass, e.g., ΔPPowerBoost.
Proposal 3: Scheme1 can be used as baseline for R18 power boosting.
Proposal 4：If both the bounds of PCMAX,f,c need to be increased, the boost value should be set to smaller than 1dB, e.g. ΔPPowerBoost =0.3dB.
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