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1. Introduction 
In last RAN4#86 meeting, there are some further discussion on the EVM window length for FR1 and FR2, however no consensus was reached and needs further investigation on this aspect. Therefore in this contribution, we want to share some further considerations on this requirement.
2. Discussion  
In general, the time domain filtering is shown as in the Figure1 where some extensions at the beginning and ending of OFDM symbol is needed to facilitate the filtering for higher spectral utilization and lower unwanted emission mask. Compared with legacy LTE SU 90%, longer filter length could be envisioned to be needed for NR baseband.
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Figure1. the illustration of time domain filtering
If time-domain filter only occupy partial CP as shown in Figure1, it could be envisioned that EVM window should be located at the center of CP, as IFFT signals sampling at the beginning and ending of CP will be interfered by ISI in certain degree. However I think this assumption is quite dependent on how the time-domain filter is implemented especially how the filter is added and how OFDM symbol is extended for filtering implementation.
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Figure2. the illustration of stopband attenuation (namely ACLR)
In Figure2, the illustration is generally shown how the filter is designed based on stopband attenuation and transition bandwidth. Stopband attenuation in this contribution is equal to ACLR 45dBc for FR1. In addition, there are two transition bandwidth shown in Figure2 where stopband#1 is at the frequency edge of channel bandwidth of wanted signal and stopband#2 is at the frequency edge of transmission configuration bandwidth in the adjacent channel. For the better adjacent channel attenuation or stopband attenuation, stopband#1 is used for filter design.
For FR1 NR BS, as ACLR requirement is 45dBc, therefore in general Hanning window (raised cosine window) as following formula could be adopted. 
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25MHz SCS: 15KHz 
Case A:  transition bandwidth#1
Transition bandwidth#1 is equal to Minimum Guardband, namely
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Sampling rate is equal to 46.08MHz; namely
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Then according to the traditional FIR digital filter design approach, the filter taps could be calculated as following: 
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Where N is total filter taps including filters at the beginning of CP and at the end of OFDM symbol. Therefore filter length for each side should be 137 assuming symmetric filter for beginning and ending of OFDM symbol. 

According to the above Hanning filter design, then the EVM window should be around 36.57% assuming no ISI was perceived by sampled IFFT signal. 

Case B: transition bandwidth#2
Transition bandwidth#2 is equal to 2* Minimum Guardband, namely
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Sampling rate is equal to 46.08MHz; namely
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Then according to the traditional FIR digital filter design approach, the filter taps could be calculated as following: 
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Where N is total filter taps including filters at the beginning of CP and at the end of OFDM symbol. Therefore filter length for each side should be 69 assuming symmetric filter for beginning and ending of OFDM symbol. 

According to the above Hanning filter design, then the EVM window should be around 68.06% assuming no ISI was perceived by sampled IFFT signal.
Table 1: 15 kHz SCS,NCP, FR1
	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
	0.00~33.33

	10
	1024
	15.36
	72
	0.00~46.53

	15
	1536
	23.04
	108
	13.43~56.48

	20
	2048
	30.72
	144
	26.74~63.19

	25
	3072
	46.08
	216
	36.57~68.06

	30
	3072
	46.08
	216
	43.98~71.99

	40
	4096
	61.44
	288
	40.10~69.97

	50
	4096
	61.44
	288
	52.08~76.04


Table 2:30kHz SCS,NCP,FR1
	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
	256
	7.68
	18
	0.00~33.33

	10
	512
	15.36
	36
	0.00~50.00

	15
	768
	23.04
	54
	0.00~48.14

	20
	1024
	30.72
	72
	17.36~58.33

	25
	1536
	46.08
	108
	15.28~57.64

	30
	1536
	46.08
	108
	29.63~64.81

	40
	2048
	61.44
	144
	26.74~63.19

	50
	2048
	61.44
	144
	36.46~68.06

	60
	3072
	92.16
	216
	19.68~59.72

	70
	3072
	92.16
	216
	31.25~65.51

	80
	4096
	122.88
	288
	28.47~64.24

	90
	4096
	122.88
	288
	25.17~62.50

	100
	4096
	122.88
	288
	21.70~60.76


Table 3:60kHz SCS,NCP,FR1
	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
	0.00~33.33

	15
	384
	23.04
	27
	0.00~31.48

	20
	512
	30.72
	36
	0.00~50.00

	25
	768
	46.08
	54
	0.00~48.61

	30
	768
	46.08
	54
	0.00~48.14

	40
	1024
	61.44
	72
	17.36~58.33

	50
	1024
	61.44
	72
	15.28~57.64

	60
	1536
	92.16
	108
	13.42~56.48

	70
	1536
	92.16
	108
	11.11~55.56

	80
	2048
	122.88
	144
	8.68~54.17

	90
	2048
	122.88
	144
	5.90~52.78

	100
	2048
	122.88
	144
	3.13~51.39


For FR2 NR BS, even though that ACLR limit and SEM mask is much relaxed compared with legacy LTE requirement due to much narrower beamwidth identified in the mmWave NR coexistence study. The Hanning window could still be adopted for filtering to better protect the system operating at the adjacent channel even though stopband attenuation for Hanning window is 44dB which is much more stringent than ACLR requirement for FR2 NR BS (e.g. 28dB for 30GHz and 26dB for 45GHz). Based on the similar methodology, the following table is derived including both stopbands filter design. 
Table 4:60kHz SCS,NCP,FR2
	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 [%]

	50
	1024
	61.44
	72
	0.00~45.14

	100
	2048
	122.88
	144
	45.83~72.92

	200
	4096
	245.76
	288
	73.09~86.46


Table 5:120kHz SCS,NCP,FR2
	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 [%]

	50
	512
	61.44
	36
	0.00~29.17

	100
	1024
	122.88
	72
	0.00~45.14

	200
	2048
	245.76
	144
	45.83~72.92

	400
	4096
	491.52
	288
	73.09~86.46


3. Conclusions
In this proposal, we shared some further considerations on EVM window length requirement and some proposals and observations are made as following: 
Proposal1: propose to specify EVM window requirement as shown in Table1/2/3/4/5 as starting point. 
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