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1 Introduction
NR EVM was discussed in previous RAN4 meetings. Window length ‘W’ used in EVM calculation is not determined yet. This contribution provides our view on the EVM window length.
2 Discussion

The window length 
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 affects the measured EVM, and is expressed as a function of the configured cyclic prefix length. The table below is copied from current E-UTRA specification, which specifies the EVM window length at channel bandwidths 1.4, 3, 5, 10, 15, 20 MHz, for normal CP. 

Table 2-1 E-UTRA EVM window length for normal CP

	Channel Bandwidth MHz
	Cyclic prefix length1 
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N

for symbol 0
	Cyclic prefix length1 
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N

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.


Using 20MHz CBW as an example, the EVM window length in FFT samples is about 6.6% of the total FFT size. The ratio the W to CP is 94.4%, which means in the measurement, 2.8% samples relative to CP length are removed. For NR much higher spectrum is specified which require sharper filter with longer filter impulse response. It is expected that smaller window length is needed to accommodate the filter impulse response. Simulation results of the W vs. EVM for NR 20MHz CBW is shown in [2]. It shows that in order to remove the effect to the composite EVM, ratio of W to CP shall be less than 70%. 
The window length 
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for EVM measurement was also discussed for UE requirement. [3.5]% of FFT length was agreed for the window length W, which represents 50% of CP [1]. In LTE we define the same W for BS and UE, for NR we propose to keep consistency for BS and UE. 
Agreement: Window length ‘W’ used in EVM calculation shall be [3.5]% of FFT length for various numerologies.
In Athens meeting, [3] proposed that EVM window can be scaled with the bandwidth, using the following equation:

EVM Window = 100% - 60% * 25/Bandwidth (MHz)

The argument given in [3] is that for bandwidths above 25MHz the agreed PRB utilization values give rise to similar relative spectrum utilization, and the amount of filter taps remains similar. However the sampling rate increases with increasing bandwidth, thus the window length can be improved. Table 2 shows the spectrum utilization and the ratio of the roll off and the pass band. It can be found that the spectrum utilization grows visibly with increasing channel bandwidth, and the ratio of the roll off and the pass band varies significantly. The number of filter taps is related to the relative BW ratio. Hence the number of filter needed taps may be different for different channel bandwidth. For example we compare 25 MHz CBW and 100MHz CBW for 30 kHz SCS, there is about 5% SU difference, and the relative BW ratio is 3.4 vs 1.9. Furthermore, for different SCS, the difference of CP length is not taken into account in the proposed equation. Hence from the agreed SU, we think it is hard to deduce the scaling approach. 
Furthermore, when RAN4 did the simulation to achieve the SU, different implementations are allowed, i.e. filtering and windowing. Companies provided simulation results with windowing, the same window length assumption for different channel bandwidth is assumed. It implies a fixed uniform EVM window length.
Table 2-2 SU for NR FR1
	SCS
	CBW (MHz)
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70
	80
	90
	100

	15 kHz
	NRB
	25
	52
	79
	106
	133
	160
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	
	SU (%)
	90
	93.6
	94.8
	95.4
	95.8
	96
	97.2
	97.2
	　
	　
	　
	　
	　

	
	Minimum guard band (kHz)
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	552.5
	692.5
	
	
	
	
	

	
	Relative BW ratio
	5.6
	3.4
	2.7
	2.4
	2.2
	2.1
	1.4
	1.4
	　
	　
	　
	　
	　

	30 kHz
	NRB 
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	
	SU (%)
	79.2
	86.4
	91.2
	91.8
	93.6
	93.6
	95.4
	95.8
	97.2
	97.2
	97.7
	98
	98.3

	
	Minimum guard band (kHz)
	505
	665
	645
	805
	785
	945
	905
	1045
	825
	965
	925
	885
	845

	
	Relative BW ratio
	13.1
	7.9
	4.8
	4.5
	3.4
	3.4
	2.4
	2.2
	1.4
	1.4
	1.2
	1
	0.9

	60 kHz
	NRB
	N.A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135

	
	SU (%)
	N.A　
	79.2
	86.4
	86.4
	89.28
	91.2
	91.8
	93.6
	94.8
	95.7
	96.3
	96.8
	97.2

	
	Minimum guard band (kHz)
	N.A
	1010
	990
	1330
	1310
	1290
	1610
	1570
	1530
	1490
	1450
	1410
	1370

	
	Relative BW ratio
	N.A　
	13.1
	7.9
	7.9
	6
	4.8
	4.5
	3.4
	2.7
	2.3
	1.9
	1.7
	1.4


Based on the investigation above, we proposed that the window length 
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for EVM measurement is defined as 3.5% FFT size which corresponds to 50% CP.
3 Conclusion

Based on the considerations in clause 2, we have the following proposal.
Proposal: It is proposed that the window length 
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for EVM measurement is defined as 3.5% FFT size which corresponds to 50% CP.
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