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Introduction
In this contribution, we present our view on the RF spec impact for transparent MPR reduction scheme.  
Discussion
[bookmark: _Ref115159812]MPR with power boosting
As it is agreed in WF [1] that maximum power boosted level is 1 dB relative to its nominal power class, so the task now for updating the MPR table is to find out the RB region where the output power can be boosted to up to 1dB above the nominal power. 
The output backoff power is simulated both for 20MHz and 100MHz channel bandwidth and for PC3 and PC2. The transparent scheme of clipping and FDSS is simulated together with baseline OBO performance without any transparent scheme. The Figure 8 to Figure 11 in Annex illustrated the OBO performance for different channel and power class.
For discussion purpose, the Figure 2 is reproduced from Figure 8with only the baseline OBO and with FDSS scheme for PC3. The OBO performance is similar between 20MHz and 100MHz comparing the Figure 8 and Figure 9. Therefore, the discussion is based on 20MHz OBO only. It can be observed in Figure 2 that without FDSS, the OBO can reach -1 dB in all inner RB region where red line represents the inner RB boundary.  When FDSS is enable, the 1 dB boosting area can be stretched into the outer RB region where yellow line represents the 1 dB boosting boundary.
[bookmark: _Ref149494846]For PC3, the 1 dB power boosting can be realized with the baseline performance without the FDSS scheme.
[bookmark: _Ref149494874]For PC3, Applying the FDSS stretches the 1 dB power boosting area to part of outer RB region 
In Figure 2, the red line represents the inner RB allocation boundary and yellow line represent the 1 dB boosting boundary at outer RB region. To define the subset of the outer RB region, the below description could be used for the subset RB area within the outer RB region:

1.Decide maximum length for the LCRB to boost, maxLCRBboost, p is  a parameter, p є[0.0 … 1.0]​
maxLCRBboost = ceil(Max_RB*p); 
(Where Max_RB = 106 for 20MHz and 273 for the 100MHz case, p=0.65 according to Figure 2)​
2. Decide lowest RB start​
RB_Start_Low=max(1,floor(LCRB* (1-p)/(2*p)))​
3. Decide highest RB start​
RB_start_high = Max_RB- RBStartLowBoost-LCRB​
4. Boost region​: 
RB_Start_Low ≤ RBStart ≤ RB_Start_High, and LCRB ≤ maxLCRBboost​

The Figure 3 is reproduced from Figure 10 with only the baseline OBO and with FDSS scheme for PC2. The OBO performance is similar between 20MHz and 100MHz comparing the Figure 10 and Figure 11. Therefore, the discussion is based on 20MHz OBO only. It can be observed in Figure 2 and Figure 3 that the OBO can not reach -1 dB with baseline. .  When FDD is enable, the 1 dB boosting can be achieved within inner RB allocation and also 1 dB boosting RB allocation area can be stretched into the outer RB region but the stretched RB region in outer RB is very limited due to the mild attenuation filter (2 tap). 
[bookmark: _Ref149494884]For PC2, the 1 dB power boosting can not be realized with baseline scheme.
[bookmark: _Ref149494893]For PC2, Applying the FDSS stretches the 1 dB power boosting area to part of outer RB region, but the area is very limited. 
With current agreement on maximum 1 dB power boosting, the current inner region can be defined for PC3. The power boosting of 1dB above PC3 nominal power can be achieved without applying FDSS. For PC2, applying FDSS or other transparent scheme can boost the power to 1 dB more than nominal power level in all inner RB allocation. 
According to agreement below in WF, there is FFS on whether to define outer or inner region. Figure 1 illustrate the system simulation on the spectrum efficiency and allocation size and the maximum bits/RE for QPSK highest MCS is 1.33 bits/RE. it can be observed in Figure 1 that the RB size for QPSK scheduling (corresponding to the 1.33 bits/RE) is below 100 for 100MHz channel. The RB size below 100 for 100MHz channel is within the inner RB allocation. As rel-18 only boosting the QPSK or BPSK, the RB size greater than the inner RB can be down-prioritized.
[bookmark: _Ref149494903] Prioritize the inner RB power boosting for both PC2 and PC3 in Rel-18.
<Agreement>: 
-	Power boosting will be defined within the inner region.
	-	Power boosting is equivalent to [ΔPpowerboosting=1dB] applied to Ppowerclass. 
	-	FFS on whether power boosting is define for outer region or other region
		-	Whether or not to finalize outer region or other region does not impact the completion of WI

[image: ]
[bookmark: _Ref149492071]Figure 1:System Simulation Results for Spectral Efficiency & Allocation Size vs. Bitrate CDF Point
During RAN4#108-bis, WF [1] has specified with 1 dB power boosting relative to power class with a new parameter  ΔPpowerboosting. This new parameter does not reduce the complexity, as there are other cases the parameter ΔPPowerClass can be changed and if so, the specification needs to describe how ΔPpowerboosting would impact the UE power when ΔPPowerClass will change or the relation between these two parameters (especially when power fallback occurs, the agreed amount of fallback of ΔPPowerClass, needs to add this new parameter to achieve the same output power level). If the parameter ΔPPowerClass would be reused,  UE could automatically disable the power boosting if power fallback would occur.
[bookmark: _Ref149494922]New parameter may introduce complexity on UE power fallback behaviour and complexity on specification update.
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[bookmark: _Ref149489650]Figure 2: OBO with power boosting for 20MHz BW for different transparent schemes for PC3
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[bookmark: _Ref149491225]  Figure 3:OBO with power boosting for 20MHz BW for different transparent schemes for PC2


Spectrum flatness impact
For FDSS transparent scheme for DFT-OFDM with QPSK, the Tx chain ripple will be impacted due to the introduction of additional 2-tap filter or 3-tap filter before the IFFT in Tx signal processing. In Figure 4, the spectrum flatness is illustrated with the different filters used in FDSS scheme.  It can be observed that the edge RB allocation, there are large ripple around 12- 17 dB for 3-tap filter and around 7 dB for 2-tap filter. For the middle RB allocation, the ripple could be 8-9 dB for 2-tap and 3-tap filter. The ripple is around 4 dB for clipping and filter scheme. Such ripple with FDSS 2-tap /3-tap filter will violate the general spectrum flatness requirement where the ripple is 4 dB p-p for the frequency excluding the band edge. 
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[bookmark: _Ref131669678] Figure 4 : The spectrum flatness performance for different filter design
 
[bookmark: _Ref127537098]For a UE implementing the FDSS scheme using the 2-tap or 3-tap filter, the general spectrum flatness requirement cannot be met.

Therefore, there is a need to discuss how the spectrum flatness requirement should be specified for DFT-OFDM with QPSK. Spectrum flatness requirement puts restriction on subcarrier power amplitude variation, or ripple of the Tx chain magnitude response across a frequency range where a channel is configured within a band. In Pi/2 BPSK flatness requirement, the subcarrier power ripple is 6 dB for range X1 and 14 dB for range X2 in TS 38.101-1. Such requirement is a relaxation compared to the general spectrum flatness and it is 10 dB relaxation (14 dB – 4 dB) for channel configured in frequency excluding the band edge. 
InFigure 5, the SNR degradation is illustrated with different FDSS filter. It can be observed that for 3 taps filter of [0.28 1 0.28] SNR is degraded with a range of 0.4 to 1.7 dB. For 2 tap filter only SNR is degraded with a range of 0.2 to 0.4. As the net gain is power boosting plus SNR degradation, so to balance the total net gain and considering RAN4 agrees maximum [1 dB] as boosted level, a mild filter should be selected for FDSS scheme to have a maximum net gain.
[bookmark: _Ref149494952]To have maximum net gain with 1 dB power boosting,  a mild filter should be selected for FDSS scheme.
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[bookmark: _Ref149494259]Figure 5: SNR degradation at 10%BLER vs baseline
[image: ]
[bookmark: _Ref131669446]Figure 6  : PSD curve with DFT-OFDM , QPSK and 100PRB
In RAN plenary decision in chapter 2.1, the FDSS is included as one of transparent schemes and as such the ripple requirement needs to be relaxed compared to the general requirement as illustrated in Figure 6. To maximum net gain, a 2 tap filter should be used according to above discussion.  In our opinion, the 2-tap filter [ 1 0.28] could be used as a reference filter in this case. Figure 4 illustrated the ripple performance of different filter and it shows that the ripple of filter [1 0.28] has a maximum ripple of 6 dB at whole RB allocation and 4 dB at the middle RB allocation with 80% of RB allocation in the middle allocation.  Therefore, we propose the new Table for the spectrum flatness for QPSK as below:
In the following discussion on MPR and power boosting performance, it is observed that for inner RB allocation, there is no need to apply FDSS for PC3 and therefore, to achieve the maximum 1 dB power boosting, the spectrum flatness does not need to be relaxed. For PC2, there may be a need to apply the FDD or other transparent scheme for inner RB region to achieve the 1dB boosting.
[bookmark: _Ref149494962]Only specify the new spectrum flatness requirement for PC2 for inner RB region.
Table 6.4.2.4.x-1: Mask for EVM equalizer coefficients for QPSK for PC2, normal conditions
	Frequency range
	Parameter 
	Maximum ripple (dB)

	|FUL_Meas – Fcenter| ≤ X MHz
(Range 1)
	X1
	[6] (p-p)

	|FUL_Meas – Fcenter| > X MHz
(Range 2)
	X2
	[8] (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated and FUL_Meas is half of the size of an allocated block of PRBs.
NOTE 2:	Fcenter refers to the center frequency of an allocated block of PRBs
NOTE 3:	X, in MHz, is equal to [40 %] of the bandwidth of the PRB allocation
NOTE 4:	See Figure 6.4.2.4.1-1 for description of X1, X2 
NOTE 5:   Requirement applies for inner RB allocation. 



[bookmark: _Ref142140959]Consider the above spectrum flatness when UE supports the transparent schemes of FDSS
[bookmark: _Ref142141014]If the Pi/2 BPSK would be specified also within power boosting in Rel-18, how to specify the spectrum flatness needs some discussion. Figure 8 illustrates the spectrum flatness for QPSK and BPSK for comparison. It can be observed that the same ripple requirement can be applied both QPSK and BPSK when the same filter is applied.
[bookmark: _Ref149645738]Consider the same spectrum flatness for both BPSK and QPSK when FDSS is applied.

[image: ]

Figure 7:Spectrum flatness for BPSK and QPSK with mild filter
Conclusions
In this contribution, we present our view on the specification impact with below observations and proposal:
Observation 1 For PC3, the 1 dB power boosting can be realized with the baseline performance without the FDSS scheme.
Observation 2 For PC3, Applying the FDSS stretches the 1 dB power boosting area to part of outer RB region
Observation 3 For PC2, the 1 dB power boosting can not be realized with baseline scheme.
Observation 4 For PC2, Applying the FDSS stretches the 1 dB power boosting area to part of outer RB region, but the area is very limited.
Observation 5 New parameter may introduce complexity on UE power fallback behaviour and complexity on specification update.
Observation 6 For a UE implementing the FDSS scheme using the 2-tap or 3-tap filter, the general spectrum flatness requirement cannot be met.
Proposal-1: Prioritize the inner RB power boosting for both PC2 and PC3 in Rel-18.
Proposal-2: To have maximum net gain with 1 dB power boosting,  a mild filter should be selected for FDSS scheme.
Proposal-3: Only specify the new spectrum flatness requirement for PC2 for inner RB region.
Proposal-4: Consider the above spectrum flatness when UE supports the transparent schemes of FDSS
Proposal-5: Consider the same spectrum flatness for both BPSK and QPSK when FDSS is applied.
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[bookmark: _Ref149645554][bookmark: _Ref149489359]Figure 8: OBO with power boosting for 20MHz BW for different transparent schemes for PC3
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[bookmark: _Ref149489882]Figure 9: OBO with power boosting for 100MHz BW for different transparent schemes for PC3
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[bookmark: _Ref141173721]
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[bookmark: _Ref148955447]    
[bookmark: _Ref149491236]Figure 10:OBO with power boosting for 20MHz BW for different transparent schemes for PC2
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[bookmark: _Ref149489364]Figure 11:OBO with power boosting for 100MHz BW for different transparent schemes for PC2
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