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1.	Introduction
Consideration on BS EVM window reduction [3] was discussed during the last RAN#85 meeting held in Reno, US. Similar discussions were done also for UE EVM window length in [4]. There is no decisions neither for BS EVM window length nor UE EVM window length. 
In this contribution, we would like to discuss reduction of BS EVM window length for NR with different BW and SCS combinations with high spectrum utilization. We also provide proposal for BS EVM window length.
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2.	Discussion
	The EVM shall be measured at the point after the FFT and a zero-forcing (ZF) equalizer in the receiver, according to TS 36.104 [1], Annex E. The same reference point will be also selected for NR. It should be noted that before measuring the EVM, time and frequency synchronization must be carried out. The test equipment then computes the EVM for two extreme values of sample timing difference between the FFT processing window and the nominal timing of the ideal signal; these two extreme values correspond to the beginning and end of the EVM window, the length of which is expressed as a percentage of the Cyclic Prefix (CP) length.

Figure 1 illustrates the time window positions for FFT and the inter-symbol interference, coming from the delay spread of adjacent symbols. Typically, the filters have a symmetric impulse response; hence the optimum FFT window with lowest impact of inter-symbol interference is located at the centre position between the symbol boundaries.
Specification TS 36.104 defines an offset of WEVM/2 from that optimum position in both directions. The values of WEVM are copied from 3GPP TS36.104 and provided in Table 1 for E-UTRA and in Table 2 for NB-IoT.
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[bookmark: _Ref416943246]Figure 1: FFT time window position in OFDM symbol n, which is suffering from inter-symbol interference from adjacent symbols n+1 and n-1. For symmetric delay spread, the centered green FFT window constitutes the optimum. Both 3GPP defined FFT windows (cyan) experience higher inter-symbol interference. Cyclic prefix (CPn and CPn+1) boundaries are marked with dashed lines.
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	Channel
Bandwidth MHz
	FFT size
	
	Cyclic prefix length for symbols 0 in FFT samples
	Cyclic prefix length  for symbols 1‑6 in FFT samples
	EVM window length W
	Ratio of W to total CP for symbols 1‑6* [%]

	1.4
	128
	
	10
	9
	5
	55.6

	3
	256
	
	20
	18
	12
	66.7

	5
	512
	
	40
	36
	32
	88.9

	10
	1024
	
	80
	72
	66
	91.7

	15
	1536
	
	120
	108
	102
	94.4

	20
	2048
	
	160
	144
	136
	94.4

	* Note: 	These percentages are informative and apply to symbols 1 through 6. Symbol 0 has a longer CP and therefore a lower percentage.




Table 2: EVM window length for NB-IoT with normal CP as copied from 3GPP TS36.104 [1]
	FFT size
	Cyclic prefix length for symbols 0 in FFT samples
	Cyclic prefix length  for symbols 1‑6 in FFT samples
	EVM window length W
	Ratio of W to total CP for symbols 1‑6(Note 1) [%]

	128
	10
	9
	3
	33.3

	Note 1:	These percentages are informative and apply to symbols 1 through 6. Symbol 0 has a longer CP and therefore a lower percentage.




Please note that the EVM window length of NB-IoT (see Table 2) is 60% of the LTE 1.4 MHz EVM window length, though NB-IoT has the same sample rate, FFT size and CP length as LTE 1.4 MHz. However, NB-IoT has a narrower guard band than LTE 1.4 MHz.
For LTE 10 MHz, WEVM is 66 out of 72 cyclic prefix samples. This leaves just 3 samples on either side to protect from inter-symbol interference. Consequently, some inter-symbol interference will leak into the FFT window and generate EVM. 

While this was not that much of an issue at the time the EVM definition was established for LTE, it creates severe problems in NR standard specification:
1) Around 1 percent of EVM contribution have not been a problem for modulation schemes up to 64QAM. However, for modulation schemes as high as 256QAM or 1024QAM, this constitutes a problem due to more stringent requirements for EVM.
2) Bandwidth efficiency above 90% [2] requires steeper filters with longer filter impulse response. As a result, more inter-symbol interference is expected to leak from adjacent OFDM symbols.

For these reasons, a shorter EVM window length is recommended.

Observation 1: The reuse of current EVM window based on 36.104 specification in NR creates several problems especially for high order modulation schemes (256QAM and 1024QAM) and high spectral utilization (above 90%).  
The drawback of shorter EVM window length could be that more of the CP is utilized for the base station and less is remaining for channel delay spread or UE synchronization offset. This applies even more for larger subcarrier spacing (i.e. shorter CP). Therefore, the reduction of EVM window could take into account also this adverse effect.
Taking into account above considerations we propose to reduce EVM window length to around 60% of its original value (based on LTE). Thus, we propose to specify window length ‘W’ used in EVM calculation as 3.5 % of FFT length for various numerologies. 
Proposal 1: Window length ‘W’ used in EVM calculation shall be 3.5% of FFT length for various numerologies.
Proposal 2: It is proposed to adopt table 3 to table 7 for EVM window length ‘W’ for normal CP.
Table 3 to table 5 present EVM window length ‘W’ for frequency range 1 (FR1) for normal CP and SCS 15 kHz, 30 kHz, 60 kHz respectively. 
[bookmark: _Hlk501113552][bookmark: _Hlk503531839]Table 3: EVM window length ‘W’ for FR1 for normal CP and SCS 15 kHz
	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
	
 for CP ≈ 7% FFT Size
	EVM window length W

	5
	512
	7.68
	36
	18

	10
	1024
	15.36
	72
	36

	15
	1536
	23.04
	108
	54

	20
	2048
	30.72
	144
	72

	25
	2048
	30.72
	144
	72

	30
	3072
	46.08
	216
	108

	40
	4096
	61.44
	288
	144

	50
	4096
	61.44
	288
	144



Table 4: EVM window length ‘W’ for FR1 for normal CP and SCS 30 kHz
	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
	
 for CP ≈ 7% FFT Size
	EVM window length W

	5
	256
	7.68
	18
	8

	10
	512
	15.36
	36
	18

	15
	768
	23.04
	54
	26

	20
	1024
	30.72
	72
	36

	25
	1024
	30.72
	72
	36

	30
	1536
	46.08
	108
	54

	40
	2048
	61.44
	144
	72

	50
	2048
	61.44
	144
	72

	60
	3072
	92.16
	216
	108

	70
	3072
	92.16
	216
	108

	80
	4096
	122.88
	288
	144

	90
	4096
	122.88
	288
	144

	100
	4096
	122.88
	288
	144




Table 5: EVM window length ‘W’ for FR1 for normal CP and SCS 60 kHz
	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
	
 for CP ≈ 7% FFT Size
	EVM window length W

	10
	256
	15.36
	18
	8

	15
	384
	23.04
	27
	13

	20
	512
	30.72
	36
	18

	25
	512
	30.72
	36
	18

	30
	768
	46.08
	54
	26

	40
	1024
	61.44
	72
	36

	50
	1024
	61.44
	72
	36

	60
	1536
	92.16
	108
	54

	70
	1536
	92.16
	108
	54

	80
	2048
	122.88
	144
	72

	90
	2048
	122.88
	144
	72

	100
	2048
	122.88
	144
	72



Table 6 to table 7 present EVM window length ‘W’ for frequency range 2 (FR2) for normal CP and SCS 60 kHz, 120 kHz respectively. 

[bookmark: _Hlk501113868][bookmark: _Hlk503533693]Table 6: EVM window length ‘W’ for FR2 for normal CP and SCS 60 kHz
	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
	
 for CP ≈ 7% FFT Size
	EVM window length W

	50
	1024
	61.44
	72
	36

	100
	2048
	122.88
	144
	72

	200
	4096
	245.76
	288
	144



	Table 7: EVM window length ‘W’ for FR2 for normal CP and SCS 120 kHz
	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
	
 for CP ≈ 7% FFT Size
	EVM window length W

	50
	512
	61.44
	36
	18

	100
	1024
	122.88
	72
	36

	200
	2048
	245.76
	144
	72

	400
	4096
	491.52
	288
	144



Table 8 presents EVM window length ‘W’ for frequency range 1 (FR1) for extended CP and SCS 60 kHz.
Proposal 3: It is proposed to adopt table 8 to table 9 for EVM window length ‘W’ for extended CP.
Table 8: EVM window length for extended CP for FR1 and 60 kHz SCS
	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
	
 for CP = 25% FFT Size
	EVM window length W

	10
	256
	15.36
	64
	54

	15
	384
	23.04
	96
	82

	20
	512
	30.72
	128
	110

	25
	512
	30.72
	128
	110

	30
	768
	46.08
	192
	164

	40
	1024
	61.44
	256
	220

	50
	1024
	61.44
	256
	220

	60
	1536
	92.16
	384
	330

	70
	1536
	92.16
	384
	330

	80
	2048
	122.88
	512
	440

	90
	2048
	122.88
	512
	440

	100
	2048
	122.88
	512
	440




Table 9 below specifies EVM window length (W) for extended CP for FR2, the cyclic prefix length  is 25% from Nominal FFT size for extended CP.

Table 9: EVM window length for extended CP for FR2 and 60 kHz SCS
	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
	
 for CP = 25% FFT Size
	EVM window length W

	50
	1024
	61.44
	256
	220

	100
	2048
	122.88
	512
	440

	200
	4096
	245.76
	1024
	880













3.	Conclusion
In this contribution, we discussed the possible reduction of EVM window length for NR with different BW and SCS combinations with high spectrum utilization. We have made following observation and proposal:
Observation 1: The reuse of current EVM window based on 36.104 specification in NR creates several problems especially for high order modulation schemes (256QAM and 1024QAM) and high spectral utilization (above 90%).
Proposal 1: Window length ‘W’ used in EVM calculation shall be 3.5% of FFT length for various numerologies.
Proposal 2: It is proposed to adopt table 3 to table 7 for EVM window length ‘W’ for normal CP.
Proposal 3: It is proposed to adopt table 8 to table 9 for EVM window length ‘W’ for extended CP.
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