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1.	Introduction
In RAN4#101-e it was agreed that the need to tighten spectral flatness requirements for #PRB<16 will be further analyzed and will be done only if a significant net gain is observed with less aggressive filters. We have further investigated this issue and this paper details our findings on this topic. 
2. 	Discussion
In RAN4#101-e it was agreed in the WF [1] that tightening of spectral flatness requirement for #PRB<16 could be further analyzed for less aggressive filters and the requirements could be modified if a significant net gain is observed. MPR and link simulations were done for several filter shapes and this paper describes the observed results.

The below table shows the average output power above MPR0 observed for various filter shapes for edge, inner and outer PRB allocations using a DFT-S-OFDM pi/2 BPSK waveform with pi/2 BPSK DMRS.  Results indicate that the output power above MPR0 increases with the aggressiveness of the shaping filter and this increase in output power is not limited to less aggressive filters.  This table also gives the delta increase in output power between no filtering i.e. [0 1 0] and a filter with [X 1 X] coefficients where X=0.1, 0.2 and 0.3. Measurements indicated that the worst-case output power increase above MPR0 for filter coefficients [0.28 0.91 0.28] was 0.9 dB. This difference can be attributed to a more conservative PA model compared to the actual measured hardware.


	Filter coefficients  [X 1 X]
	Average output power above MPR0
	
	[0 1 0]  [X 1 X]  Delta power 

	X
	edge
	outer
	inner
	
	edge
	outer
	inner

	
	(dB)
	(dB)
	(dB)
	
	(dB)
	(dB)
	(dB)

	0 – No filtering
	0.2
	0.1
	0.2
	
	
	
	

	0.1
	0.3
	0.35
	0.3
	
	0.1
	0.3
	0.1

	0.2 
	0.35
	0.42
	0.4
	
	0.2
	0.3
	0.2

	0.3
	0.37
	0.45
	0.45
	
	0.2
	0.4
	0.3


Table 1 – Output power increase above MPR0 and output power increase from [0 1 0]  [X 1 X]

Observation1: The output power above MPR0 increases with the aggressiveness of the shaping filter 

The table below shows the SNR @0.1 BLER as a function of the #PRBs and the filter coefficient X for TDLA 30ns. Results indicate that for a given #PRB the SNR @0.1BLER changes at most by 0.2 dB as the aggressiveness of the shaping filter is increased. Results do not show any significant benefit with less aggressive shaping filter profiles for narrow RBs.

	
	SNR @0.1 BLER
	
	
	[0 1 0]  [X 1 X]  Delta SNR

	
	X=0
	X=0.1
	X=0.2
	X=0.3
	
	X=0 0.1
	X=0 0.2
	X=0 0.3

	RB#
	(dB)
	(dB)
	(dB)
	(dB)
	RB#
	(dB)
	(dB)
	(dB)

	2
	-6.8
	-6.75
	-6.7
	-6.6
	2
	0.0
	-0.1
	-0.2

	4
	-8.75
	-8.7
	-8.6
	-8.8
	4
	-0.1
	-0.2
	0.1

	8
	-9.85
	-9.85
	-9.8
	-9.75
	8
	0.0
	0.0
	-0.1

	16
	-10.85
	-10.85
	-10.85
	-10.8
	16
	0.0
	0.0
	0.0

	64
	-11.95
	-12
	-12
	-12
	64
	0.1
	0.1
	0.1


 Table 2 – SNR @0.1 BLER for various filter coefficients and SNR change when comparing [0 1 0] to [X 1 X]

Observation2: Simulation results indicate that for a given #PRB the SNR @ 0.1BLER changes very little with the aggressiveness of the shaping filter profile

Observation3: Our results do not show any significant benefit with less aggressive shaping filter profiles for narrow RBs

Net gain is defined as:



Taking the reference filter as the no filtering case of [0 1 0] the net gain can be calculated for all other filter coefficients in comparison to this reference. The results of this comparison is given below:

	Net gain comparing [0 1 0] to [0.1 1 0.1]

	RB#
	edge
	outer 
	inner

	2
	0.05
	0.2
	0.05

	4
	0.05
	0.2
	0.05

	8
	0.1
	0.25
	0.1

	16
	0.1
	0.25
	0.1

	 
	 
	 
	 

	Net gain comparing [0 1 0] to [0.2 1 0.2]

	RB#
	edge
	outer 
	inner

	2
	0.05
	0.22
	0.1

	4
	0.00
	0.17
	0.05

	8
	0.1
	0.27
	0.15

	16
	0.15
	0.32
	0.2

	 
	 
	 
	 

	Net gain comparing [0 1 0] to [0.3 1 0.3]

	RB#
	edge
	outer 
	inner

	2
	-0.03
	0.15
	0.05

	4
	0.22
	0.4
	0.3

	8
	0.07
	0.25
	0.15

	16
	0.12
	0.3
	0.2



Table3 – comparison of net gain using a reference filter of [0 1 0]


As can be seen from table3 the net gain for filters with X=0.1, 0.2 and 0.3 is less than 0.35 dB. Our findings show that the less aggressive filters do not see more net gain compared to more aggressive filters and that the net gain increase is very marginal for all filters. Based on these findings we propose that there is no need to modify the spectral flatness requirements established in Rel-16 for #PRB≤16. 

Observation 4: Results indicate that the net gain increase is not larger for less aggressive filters.

Observation 5: Based on results it is seen that the net gain increase is marginal for all filter shapes 

Observation 6: Results indicate that there is no significant net gain increase for narrow RBs for less aggressive filters. 

Proposal: Maintain the spectral flatness specifications established in the Rel-16 specifications.

Conclusion
In this paper output power above MPR0 for various shaping filter profiles and SNR @0.1BLER for #PRB≤16 was simulated. Based on these finding the following observations and proposals are made:

Observation1: The increase in output power above MPR0 increases with the aggressiveness of the shaping filter.

Observation2: Simulation results indicate that for a given #PRB the SNR @ 0.1BLER changes very little with the shaping filter profile

Observation3: Our results do not show any significant benefit with less aggressive shaping filter profiles for narrow RBs

Observation 4: Results indicate that the net gain increase is not larger for less aggressive filters.

Observation 5: Based on results it is seen that the net gain increase is marginal for all filter shapes 

Observation 6: Results indicate that there is no significant net gain increase for narrow RBs for less aggressive filters. 

Proposal: Maintain the spectral flatness specifications established in the Rel-16 specifications.
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