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Introduction
In this contribution, we present our view on the potential RF spec impact based on simulation results.  
Discussion
[bookmark: _Ref115159812]MPR reduction scheme
Based on the observations in our companion simulation result of transparent and non-transparent scheme [2][3], Table 1 is listed the net gain comparison between these schemes. It can be observed that the transparent schemes performs similarly with non-transparent schemes in most of case. 
Table 1: Net gain comparison for transparent and non-transparent schemes 
	
	Without power boosting
	With power boosting

	
	Transparent schemes
	Non-transparent schemes
	Transparent schemes
	Non-transparent schemes

	Inner allocation with small RB size and lower MCS
	No gain
	No gain
	No gain
	No gain

	Inner allocation with bigger RB size and lower MCS
	0.5dB to 1 dB
	0.5dB to 1 dB
	0.5 -1.7 dB
	1dB- 2dB

	Inner allocation with small RB size and higher MCS
	No gain
	No gain
	No gain
	No gain

	Inner allocation with bigger RB size and higher MCS
	No gain
	No gain
	0.5 -1 dB
	 0.2 dB to 1 dB

	Outer allocation with lower MCS
	0.5 dB  -1 dB
	0.5 – 1 dB
	0.8 dB – 2 dB
	0.2 dB to 2 dB

	Outer allocation with higher MCS
	No gain or 0.2 dB gain
	No gain or negative gain
	0.5 dB
	0.5 dB



With considering also RAN1 specification impact, we believe transparent scheme should be chosen to further RAN4 specification work.
[bookmark: _Ref127537082]Transparent scheme should be further specified in RAN4 after 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. 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. 
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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 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 requriemnt 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.
  
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 seen that there is 1 dB MCL loss for high MCS index with 14 dB ripple compared with the 4 dB ripple requirement. This translates 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.  
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: ]
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. At least should not be too relaxed as Pi/2 BPSK spectrum flatness requirement. 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.
To avoid the link budget loss, if the ripple requirement needs to be relaxed to enable the FDSS scheme with 2-tap or 3-tap filter, the amount of relaxation shall not be bigger too big to cause addtioanl link budget loss for the net gain.
[bookmark: _Ref127537138]In case of the relaxing the spectrum flatness requirement for transparent scheme, the requirement should not be the same with Pi/2 BPSK, the exact amount could be further discussed.

Another aspect is the power boosting /negative MPR. As current specification allows 0 dB MPR at inner RB allocation, it could be meaningful to discuss whether UE could transmit more power for inner RB allocation. It is agreed that the ACLR for power boosting is following a PC3 ACLR not PC2 ALCR [4]. Based on this assumption, Figure 3 shows the UE output power backoff including the negative MPR. It can be observed that the below RB size 15, the baseline perform better than any other transparent/non-transparent schemes. For larger PRB greater than RB size of 60, the non-transparent scheme gain overtake the transparent scheme and baseline and the gain could be 1.7 dB. This is without considering the SNR loss incurred in BLER simulation. 
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Figure 3:  UE output backoff for inner RB allocation with negative MPR


Though in previous WF, a PC3 PA is assumed for power boosting, but there is no discussion on any constrains relating to this assumption. There are some issues if such constrains are not clarified and thus we think it may be good to revisit the power boosting assumption. 
In Power class definition, there is a tolerance associated to each power class.
	NR
band
	Class 1 (dBm)
	Tolerance (dB)
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n1
	
	
	
	
	26
	+2/-3
	23
	±2

	n2
	
	
	
	
	
	
	23
	±23

	n3
	
	
	
	
	26
	+2/-33
	23
	±23



So for each power class, it is allowed to transmit up to + 2dB higher than nominal power, which for PC3, it is 23 +2 = 25 dBm.  So the “power boosting/Negative MPR” needs to be discussed within the power class definition, if it will be more than what power class could be allowed, the more impacted area in specification should be discussed:
· The regulation aspect: if the device is certificated with PC3 device, what is implication if it would violate this?
· The SAR limitation: what impact of the P-MPR if the power boosting exceed the 25 dBm?
· Overheating: if the device is not designed to operate more than PC3 power class, would it be fine to operate beyond what is designed and tested? The 25 dBm is overlapping with PC2 performance.
· Higher layer impact: how the network should configure the IE P-max when considering the “power boosting” ?
So if the power boosting could be above 25 dBm, it seems it may be a safe side to assume a PC2 power class could be used when simulate/discuss the “power boosting”, in this case, a PC3 UE could behave a PC2 UE with some constrains (QPSK, RB allocation), and in these power boosting cases, network would assume it is a PC2 UE (though with some MPR).
[bookmark: _Ref127537149]UE “power boosting” performance should always be constrained within a PC class definition.
[bookmark: _Ref127537174]PC2 power class reference should be used when discussing/simulating the “power boosting/negative MPR” if the boosted output power would exceed 25 dBm.







Conclusions
In this contribution, we present our view on the specification impact with below observations:
Proposal-1:Transparent scheme should be further specified in RAN4 after the study phase.
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 4 Clipping scheme can meet the general spectrum flatness requirement.
Proposal-2: In case of the relaxing the spectrum flatness requirement for transparent scheme, the requirement should not be the same with Pi/2 BPSK, the exact amount could be further discussed.
Observation 5 UE “power boosting” performance should always be constrained within a PC class definition.
Proposal-3: PC2 power class reference should be used when discussing/simulating the “power boosting/negative MPR” if the boosted output power would exceed 25 dBm.
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