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Introduction
In this contribution, we present our view on the potential RF spec impact for transparent MPR reduction scheme.  
Discussion
[bookmark: _Ref115159812]RAN decision
In RAN#100 WF [6], it is decided to specify the transparent scheme for MPR reduction quoted as below:
 Proposal #1 (Offline consensus)
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact
As the agreement is to define the optional requirements, in our understanding, it could mean that it is optional feature that UE supports the transparent schemes. Compared with the Pi/2 BPSK power boosting feature, which is conditional mandatory feature, this decision is different with Pi/2 BPSK.  As such, UE needs to report capability to network if UE support the transparent scheme. Such capability is defined to meet the additional RF requirement in RAN4 specification, therefore, a LS to RAN2 would be appropriated. 
[bookmark: _Ref142140937]Send LS to RAN2 to add a new capability for UE to support transparent scheme.
Moreover, RAN decision does not say whether the transparent schemes should support the power boosting, then it is up to RAN4 to decide to support the power boosting for transparent schemes. In our view, as RAN4 has conducted MPR reduction simulation with the power boosting when evaluating the transparent schemes gains, RAN4 should specify the transparent schemes with the power boosting to deliver the observed gain during the study phase.
[bookmark: _Ref142140949]Specify the transparent scheme with power boosting to deliver the observed gain for transparent schemes during the study phase.  

RF spec 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 1, 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. 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. 
[image: ]
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[bookmark: _Ref131669678] Figure 1 : 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. Below we discuss the impact on the link budget due to the ripple relaxation.
The calculation in Table 1 compares the link budget with the Pi/2 BPSK ripple requirement and general ripple requirement within a middle of the band (range 1 in general spectrum flatness requirement excluding the band edge). In Table 1, the SNR for the pi/2 BPSK ripple is selected with the 25% FDSS-SE with basic receiver. SNR for general ripple requirement is selected with the baseline number. As illustrated in Figure 2, the edge RB PSD could be below the average transmitted power with amount of up to 8 dB (14 dB – 6 dB) with a pi/2 BPSK ripple requirement. In a coverage scenario, if the received power for the middle RB allocation at BS equals the BS REFSENS, the received power for edge PRB which is below 8 dB to middle RB power could be too low that BS receiver cannot use the edge PRB for decoding.  This is similar to the case where the basic receiver only uses the in-band signal to decode for non-transparent scheme with 25% excess band.
  
[bookmark: _Ref131667968]Table 1:Link budget on the subcarrier for RB size =8
	Spectrum flatness requirement (12) (dB, p-p)
	Within an allocated 
block of PRBs
	general spectrum flatness requirement in range 1

	
	Middle 
	edge
	within the channel 

	
	6

	14
	4

	RB size
	8
	8

	Frequency and SCS
	2GHz, 15kHz
	

	Channel Bandwidth (MHz)
	100
	100

	Channel 
	PUSCH 
	PUSCH 

	Transmitter
	 
	 

	(1) Tx power  (dBm)
	23 
	23 

	Receiver
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	9
	9

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (MHz)
	1.08
	1.08

	(6) Effective noise power
	 
	 

	         = (2) + (3) + (4) + 10 log(5)  (dBm)
	-104,6
	-104,6

	(7a) Required SINR (dB) (MCS0/1)
	-7,12
	-7,4

	(7b) Required SINR (dB) (MCS6/8)
	-1.05
	-1.93

	(8a) Receiver signal level
	 
	 

	         = (6) + (7a) (dBm)
	-111.7
	-112

	 (8b) Receiver signal level  = (6) + (7b) (dBm)
	                   - 105.65
	                                     -106.53

	(9) Reciever Antenna Gain  [dBi]
	11
	11

	(10) TX Antenna Gain [dBi]
	0
	0

	(11)Maximum Coupling loss (dB)
	 
	

	MCL (a) (dB) = (1) -(8a) + (9) (MCS0/1)
	                      145.7
	                                          146

	   MCL (b) (dB) = (1) -(8b) + (9) (MCS6/8)
	139.65
	140.53



It can be observed that there is 1 dB MCL loss for high MCS index with 14 dB ripple compared with the 4 dB ripple requirement. This translates to the coverage loss for more relaxed ripple requirement.  
[bookmark: _Ref127537109]14 dB ripple at the edge PRB allocation may result in 0.9 dB link budget loss for high MCS if 14 dB ripple would be allowed.  
[bookmark: _Ref132040213]14 dB ripple at the edge PRB allocation may result in 0.3 dB link budget loss for low MCS if 14 dB ripple would be allowed.  

[image: ]
[bookmark: _Ref131669446]Figure 2  : PSD curve with DFT-OFDM , QPSK and 100PRB

From the discussion above, it can be observed that the ripple requirement should not be too relaxed for the coverage enhancement scenario. For the spectrum flatness curve with different schemes in Figure 1, the subcarrier amplitude ripple for clipping scheme does not violate the general spectrum flatness scheme, this gives another option for the transparent scheme, which without scarifying the edge PRB link budget, UE can reduce the MPR allowance and benefit the coverage enhancement. 
[bookmark: _Ref127537128]Clipping scheme can meet the general spectrum flatness requirement.
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 2. To avoid the link budget loss as discussed above, the amount of relaxation shall not be too big causing additional link budget loss for the net gain. In our opinion, the 2-tap filter [ 1 0.28] could be used as a reference filter in this case. Figure 1 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:

Table 6.4.2.4.2-1: Mask for EVM equalizer coefficients for QPSK, 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 



[bookmark: _Ref142140959]Consider the above spectrum flatness when UE supports the transparent schemes of FDSS
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[bookmark: _Ref141173708][image: ]Figure 3: MPR backoff with power boosting for inner RB allocation with negative MPR for QPSK and 20MHz BW
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[bookmark: _Ref140222713]Figure 4:MPR backoff with power boosting for QPSK and DFT-S-OFDM with 100MHz channel and SCS 30kHz.
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[bookmark: _Ref141173721]Figure 5: OBO with power boosting for 100MHz BW for different transparent schemes
 
Another RF specification impact is the MPR table with power boosting. As discussed in chapter 2.1, the power boosting should be enabled to deliver the observed net gain during the study phase.  Based on this assumption, Figure 3 to Figure 5 illustrate the UE output power backoff including the negative MPR. It can be observed that for outer RB allocation, the 0.5 dB MPR reduction compared with the legacy MPR Table 6.2.2-1 in TS 38.101-1 is possible for all transparent schemes. For inner allocation, the MPR is -2 dB for the RB size less than 40% of the maximum inner RB size for transparent schemes except the FDSS. For FDSS, the MPR is -2 dB for the RB size of less than 20% of maximum inner RB  size. As such, it may be preferable to divide the inner RB region to reflect the different MPR performance. 
As the regulator in Japan does not allow to transmit more than the declared power class, the same method as the Pi/2 BPSK of reducing the dutyCycle to 40% or less slots in radio frame can be reused. This includes the applicable TDD bands in NOTE 1 and FDD bands in NOTE 2 in Table 6.2.2-1 in TS 38.101-1.
[bookmark: _Ref142140976]Divide the inner allocation with different region to reflect different MPR for transparent schemes.
[bookmark: _Ref142140985]Reuse the NOTE 1 and NOTE 2 in Table 6.2.2-1 in TS 38.101-1 for applicable TDD bands and FDD bands.
[bookmark: _Ref142140996]Discuss the new MPR table for MPR reduction for transparent schemes below.

Table 6.2.2-x: Maximum power reduction (MPR) for power class 3
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	
	
	
	Region 1
	Region 2
	Region 3

	DFT-s-OFDM
	QPSK
	≤ [3.5]1
	≤ [3.5]1
	≤ [1]1
	≤ [2]1
	≤[3]1

	
	
	≤ [0.5]2
	≤ [0.5]2
	02
	02
	02

	NOTE 1:	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 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 QPSK modulation and if the IE [powerBoosting-QPSK] 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. 
NOTE 3: Region 1 corresponds to 20% of the maximum RB size of inner allocation; Region 2 corresponds to RB size between 20% to 50% of the maximum RB size of inner allocation and region 3 is more than 50% of the maximum RB size of inner allocation.



The last discussion point is the ACLR which has be discussed in several meeting during the study phase. It is agreed that the ACLR for power boosting is following a PC3 ACLR not PC2 ALCR [4].
Though in previous WF[1], ACLR is assumed to corresponding power class. But the implication on network side when the power of PC3 UE is boosted to be the same or exceeding a PC2 is not discussed. Below a quick overview of the Pi/2 BPSK power boosting framework is presented.
In Table 6.2.2-1 of 38.101-1, UE can be power-boosted when IE powerBoostPi2BPSK is set to 1.
[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. 
For the configured transmission power, it is allowed to increase the Power with ΔPPowerClass = -3 dB for power class 3 UE operating in operating in TDD bands n40, n41, n77, n78, and n79.
When the IE powerBoostPi2BPSK is set to 1, ΔPPowerClass = -3 dB for a power class 3 capable UE operating in TDD bands n40, n41, n77, n78, and n79 with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and 40% or less slots in radio frame are used for UL transmission.
In TS 38.521-1, the tested output power for PC3 is specified according to TS 38.101-1 above :
Table 6.2.2.5-3: UE Power Class test requirements (for Bands n48, n77, n78, n79) for Power Class 3 (contiguous allocation)
	Test ID
	PPowerClass
(dBm)
	ΔPPowerClass
(dB)
	MPR (dB)
	ΔTC,c (dB)
	PCMAX_L,f,c (dBm)
	T(PCMAX_L,f,c) (dB)
	TL,c
(dB)
	Upper limit (dBm)
	Lower limit (dBm)

	1
	23
	-3
	0.2
	0
	25.8
	2.0
	3
	28.0 + TT
	22.8 - TT

	2
	23
	-3
	3.5
	0
	22.5
	2.0
	3
	28.0 + TT
	19.5 - TT

	3
	23
	-3
	3.5
	0
	22.5
	2.0
	3
	28.0 + TT
	19.5 - TT

	4
	23
	-3
	1.2
	0
	24.8
	2.0
	3
	28.0 + TT
	21.8 - TT



Similarly, there is a PC2 UE power class in Table 6.2.2.5-4 in TS 38.521-1. Comparing to the PC2 UE in Table Table 6.2.2.5-4, it can be observed that PC3 output power can outperform the PC2 when IE powerBoostPi2BPSK is set to 1.
Table 6.2.2.5-4: UE Power Class test requirements (for Bands n34, n39, n41, n77, n78, n79) for Power Class 2 (contiguous allocation)
	Test ID
	PPowerClass
(dBm)
	ΔPPowerClass
(dB)
	MPR (dB)
	ΔTC,c (dB)
	PCMAX_L,f,c (dBm)
	T(PCMAX_L,f,c) (dB)
	TL,c (dB)
	Upper limit (dBm)
	Lower limit (dBm)

	1
	26
	0
	0
	0
	（1.52）
	26.0
	（24.52）
	2.0
	
	3
	28.0 + TT
	23.0 - TT
	（21.5 - TT2）

	2
	26
	0
	3.5
	0
	（1.52）
	22.5
	（21.02）
	2.0
	
	3
	28.0 + TT
	19.5 - TT
	（18.0 - TT2）

	3
	26
	0
	3.5
	0
	（1.52）
	22.5
	（21.02）
	2.0
	
	3
	28.0 + TT
	19.5 - TT
	（18.0- TT2）

	4
	26
	0
	0.5
	0
	（1.52）
	25.5
	（24.02）
	2.0
	
	3
	28.0 + TT
	22.5 - TT
	（21.0 - TT2）



[bookmark: _Ref131681274]When IE powerBoostPi2BPSK is set to 1, a PC3 output power can be the same or outperform a PC2 UE 
As the power boosting is specified in context of PC3 MPR table, the ACLR of 30 dB is assumed for such UE. This is aligned with what WF [1] with below.
· For a PC3 PA the calibration point is 30dB ACLR and for a PC2 PA the calibration point is 31dB ACLR
However, the ACLR is specified with coexisting simulation and different ACLR for PC2 and PC3 is specified (31 dB vs 30 dB). A PC3 using the ACLR of PC3 and boosting its power to level of PC2 means more interference will be generated comparing to a PC2 UE. Therefore, from coexisting aspect, it should discuss whether to apply the ACLR of a PC2 UE to a PC3 UE when the output power can be boosted to the same level with a PC2 UE, this should be confirmed with operators’ view.
In TR 36.886, The ACLR of 31 dB is agreed based on simulation result below.
Table 5.8.2-1 in [5] Summary of ACLR simulations (additional E-UTRA ACLR needed)
	
	20 MHz
	10 MHz

	ISD
	Avg
	5th percentile
	Avg
	5th percentile

	
	
	
	
	

	750 meter
	0.36
	0.83
	0.16
	0.14

	2.8 km
	0.65
	0.61
	0.18
	0.00

	
	
	
	
	

	6 km
	0.31
	0.42
	0.72
	0.00

	
	
	
	
	

	8 km
	0.15
	0.09
	0.37
	0.00



It can be observed that if the UE with a PC2 power level would not apply 1 dB more ACLR, the higher BW cell with less ISD would be impacted. 
[bookmark: _Ref135048820]Applying a PC3 ACLR on a PC2 output level UE may incur throughput degradation for a the small ISD cell compared with a PC2 UE (with PC2 ALCR).

From the discussion above, it is observed that a PC3 UE, when its output power is boosted to a PC2 UE power level, should comply with a PC2 ACLR to avoid any network impact. 
In previous RAN4 meeting, one company propose to use the ΔPPowerClass =-1, the upper output power can still reach 26 dBm as illustrated below. As the coexisting simulation using the 26 dBm for PC2, so the PC2 ACLR should apply for this case also.
Table 6.2.2.5-3: UE Power Class test requirements (for Bands n48, n77, n78, n79) for Power Class 3 (contiguous allocation)
	Test ID
	PPowerClass
(dBm)
	ΔPPowerClass
(dB)
	MPR (dB)
	ΔTC,c (dB)
	PCMAX_L,f,c (dBm)
	T(PCMAX_L,f,c) (dB)
	TL,c
(dB)
	Upper limit (dBm)
	Lower limit (dBm)

	1
	23
	-3
	0.2
	0
	25.8
	2.0
	3
	28.0 + TT
	22.8 - TT

	2
	23
	-3
	3.5
	0
	22.5
	2.0
	3
	28.0 + TT
	19.5 - TT

	3
	23
	-3
	3.5
	0
	22.5
	2.0
	3
	28.0 + TT
	19.5 - TT

	4
	23
	-3
	1.2
	0
	24.8
	2.0
	3
	28.0 + TT
	21.8 - TT

	New 
ΔPPowerClass =-1
	23
	-1
	0
	0
	25
	2
	3
	26.0 + TT
	22-TT




In our proposed MPR table in previous section, the output power of a PC3 UE could be boosted to a PC2 level only for inner allocation. As such, PC2 UE ACLR (31 dB) can be applied to PC3 UE for inner allocation when such UE is power-boosted to a PC2 power level. To see how the ACLR specification impact the UE boosted power, the OBO is simulated with ACLR 30 vs 31 dB in Figure 6. The OBO gain difference is derived with ACLR 30 dB and ACLR 31 dB for one specific scheme, e.g baseline, clipping, FDD or Peak-Cancellation. It can be observed that the OBO gain difference is nearly zero for small RB size in inner allocation. While for outer allocation, there could be 0.4 dB difference showing the outer allocation is sensitive to the ACLR or in another word, ACLR is gating the OBO performance for outer allocation. From discussion above, PC2 ACLR (31 dB) can be applied to the inner allocation, specially for the smaller RB size where the power can be boosted to similar level of a PC2 UE.
[image: ][image: ] 
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[bookmark: _Ref141172496]Figure 6: OBO gain between ACLR 30 and 31 for different transparent schemes

[bookmark: _Ref142141014]When IE [powerBoostQPSK] is set to 1, apply PC2 UE ACLR to a PC3 UE for small RB size  at inner allocation.
Conclusions
In this contribution, we present our view on the specification impact with below observations:
Observation 1 For a UE implementing the FDSS scheme using the 2-tap or 3-tap filter, the general spectrum flatness requirement cannot be met.
Observation 2 14 dB ripple at the edge PRB allocation may result in 0.9 dB link budget loss for high MCS if 14 dB ripple would be allowed.
Observation 3 14 dB ripple at the edge PRB allocation may result in 0.3 dB link budget loss for low MCS if 14 dB ripple would be allowed.
Observation 4 Clipping scheme can meet the general spectrum flatness requirement.
Observation 5 When IE powerBoostPi2BPSK is set to 1, a PC3 output power can be the same or outperform a PC2 UE 
Observation 6 Applying a PC3 ACLR on a PC2 output level UE may incur throughput degradation for a the small ISD cell compared with a PC2 UE (with PC2 ALCR).

And with below proposals:
Proposal-1: Send LS to RAN2 to add a new capability for UE to support transparent scheme.
Proposal-2: Specify the transparent scheme with power boosting to deliver the observed gain for transparent schemes during the study phase.
Proposal-3: Consider the above spectrum flatness when UE supports the transparent schemes of FDSS.
Proposal-4: Divide the inner allocation with different region to reflect different MPR for transparent schemes.
Proposal-5: Reuse the NOTE 1 and NOTE 2 in Table 6.2.2-1 in TS 38.101-1 for applicable TDD bands and FDD bands.
Proposal-6: Discuss the new MPR table for MPR reduction for transparent schemes below.
Proposal-7: When IE [powerBoostQPSK] is set to 1, apply PC2 UE ACLR to a PC3 UE for small RB size  at inner allocation.
References
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