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1.	Introduction
During the last RAN4 meeting in Reno, EVM window length for NR with different BW and SCS combinations with high bandwidth utilization was discussed [1].
The EVM window is defined as the allowable start of the two starting points for the FFT, using either ends of the window (WEVM) as the starting points.  WEVM is centered around the middle of the Cyclic Prefix (CP) length.  In LTE, the length of the EVM window is defined as a percentage of the CP length.
[image: ]
For reference, the following table is EVM window length defined (TS 36.101) for normal CP length for E-UTRA with 15kHz subcarrier spacing.
Table F.5.3-1 EVM window length for normal CP
	Channel Bandwidth MHz
	
Cyclic prefix length1 for symbol 0
	
Cyclic prefix length1 for symbols 1 to 6
	Nominal FFT size
	Cyclic prefix for symbols 1 to 6 in FFT samples
	EVM window length W in FFT samples
	Ratio of W to CP for symbols 1 to 6 2

	1.4
	160
	144
	128
	9
	5
	55.6

	3
	
	
	256
	18
	12
	66.7

	5
	
	
	512
	36
	32
	88.9

	10
	
	
	1024
	72
	66
	91.7

	15
	
	
	1536
	108
	102
	94.4

	20
	
	
	2048
	144
	136
	94.4

	Note 1: 	The unit is number of samples, sampling rate of 30.72MHz is assumed. 
Note 2: 	These percentages are informative and apply to symbols 1 through 6. Symbol 0 has a longer CP and therefore a lower percentage.



2.	Discussion
During last RAN4 AH meeting, analysis showed [1] that with a window length less than 60% CP length would not be an accurate assessment of EVM which includes RF impairments.  With the larger spectral utilization defined in NR considerations of an appropriate filter length needs to be evaluated with EVM levels in mind.
In NR spectral utilizations of upwards to 95% have been defined.  In addition, larger subcarrier spacings compared to that of LTE have also been introduced.  This introduces stricter filtering techniques that inherently adds implementation complexity.  These filter techniques may be done in many ways from time domain filtering to windowing or a combination of both.  To balance the hardware complexities with a suitable minimum requirement for EVM window is not an easy one.  
Although it may be the simplest approach to have a single window length for all bandwidths, the window lengths that are dimensioned for the larger bandwidths could be unnecessarily wide for smaller bandwidths.  The number of taps needed for spectrum confinement is related to the relative sizes of the pass band and roll off, which relates to the relative spectrum utilization. For bandwidths above 25MHz, the agreed PRB utilization values give rise to similar relative spectrum utilization. Thus the amount of filter taps remains similar. However the sampling rate increases with increasing bandwidth, and thus the relative proportion of the CP that the filter tail takes up reduces.
For smaller bandwidths, the relative spectrum utilization is lower; this is due to the need to avoid excessively long filters (relative to the CP) for such bandwidths. 
These observations suggest that the widow size could be scaled for bandwidths above 25MHz; for bandwidths below 25MHz the proportion of the CP needed by the filtering is similar for each bandwidth.
Observation 1:  To have equivalent EVM requirement for all combinations a fixed uniform window length would need to be dimensioned for smaller bandwidths, and may be overly wide for larger bandwidths.
Using either windowing or filtering as a means for spectral confinement for spectral utilization of 95% could potentially take up 60% of the CP length for bandwidths 25 MHz or larger.  The EVM window can be appropriately scaled with the bandwidth to take into account the space taken within the CP in order to accommodate the filter impulse response without causing inter-symbol interference, and also minimizing the reduction in EVM window.  This would allow for a reasonable representation of the RF impairments to accurate represent the EVM levels but still giving room for filter implementation aspects.  
Proposal 1:  Consider a EVM window scaling approach for bandwidths larger than 25 MHz with the use of the following expression:
EVM Window = 100% - 60% * 25/Bandwidth (MHz)
For bandwidths less than 25 MHz, a fixed value can be adopted.  The following table is an example using 15 kHz subcarrier spacing.  

Table 1: 15 kHz SCS
	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
	Cyclic prefix length for symbols 1-6 in FFT samples
	Ratio of W to total CP for symbols 1-6 [%]

	5
	512
	7.68
	36
	[40]

	10
	1024
	15.36
	72
	[40]

	15
	1536
	23.04
	108
	[40]

	20
	2048
	30.72
	144
	[40]

	25
	3072
	46.08
	216
	[40]

	40
	4096
	61.44
	288
	[62.5]

	50
	4096
	61.44
	288
	[70]



Table 2: 60 kHz SCS
	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
	Cyclic prefix length for symbols 1-6 in FFT samples
	Ratio of W to total CP for symbols 1-6 [%]

	10
	256
	15.36
	18
	[40]

	15
	384
	23.04
	27
	[40]

	20
	512
	30.72
	36
	[40]

	25
	768
	46.08
	54
	[40]

	40
	1024
	61.44
	72
	[62.5]

	50
	1536
	92.16
	108
	[70]

	60
	1536
	92.16
	108
	[75]

	80
	2048
	122.88
	144
	[81.25]

	100
	3072
	184.32
	216
	[85]




Proposal 2:  For bandwidths 5, 10, 15, 20 MHz an uniform window length can be adopted 40%.
For FR2, CPE compensation needs to be considered.  The ability for the receiver to be able to perform phase corrections to minimize the effect of the elevated phase noise levels experienced in FR2 needs to be considered.  The residual phase noise also plays a factor in the overall EVM requirement.  
Observation 2: Method of phase noise compensation at receiver would need to be accounted for in determining EVM window and/or EVM level requirement

3.	Conclusions
In this contribution, the following observations and proposals were made:
Observation 1:  To have equivalent EVM requirement for all combinations a fixed uniform window length would need to be dimensioned for smaller bandwidths, and may be overly wide for larger bandwidths.
Proposal 1:  Consider a EVM window scaling approach for bandwidths larger than 25 MHz with the use of the following expression:
EVM Window = 100% - 60% * 25/Bandwidth (MHz)
Proposal 2:  For bandwidths 5, 10, 15, 20 MHz an uniform window length can be adopted 70-80%.
Observation 2: Method of phase noise compensation at receiver would need to be accounted for in determining EVM window and/or EVM level requirement
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