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1. Introduction
NR brings the introduction of CP-OFDM to the UE. In this paper, we propose method to measure EVM for CP-OFDM and shaped-pulse pi/2 BPSK for NR. We also propose, unique to NR, values for Window length 'W' in addition to fixing other parameters used for EVM calculation. This document applies equally to Frequency Ranges 1 and 2. 

 IBE for NR is addressed in a different proposal [2]. EVM-equalizer flatness is addressed in [3]. 
2. Discussion

This proposal builds on document TS 36.101 rel. 14, for developing the notion of EVM for NR, for DFT-S-OFDM waveforms. Document TS 36.104 serves as the guideline for the definition of EVM for CP-OFDM waveforms. In the subsections below, we first present, in section 2.1, EVM calculation topology for CP-OFDM. In Section 2.2 we discussion general requirements for EVM calculation for NR. Finally, in section 2.3, we address window length ‘W’, or timing of the block of admissible time-domain samples.
This document is limited to EVM of PUSCH signals. It addresses neither specific details like all possible UE physical signals, nor various exceptions, like NBx devices. 
Figure 2.0.1 shows basic EVM block diagram. The ‘EVM Measurement’ block is further explained in section 2.1, since it depends on type of waveform being analyzed.
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Figure 2.0.1: EVM Measurement Block Diagram

Figure 2.0.2 defines some parameters used in the EVM Measurement block, in graphic form.
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Figure 2.0.2: Definition of Parameters used in EVM Measurement Block 

2.1. EVM Calculator Block Diagram, PUSCH Symbols
2.1.1. DFT-s-OFDM
Figure 2.1.1 shows the proposed EVM calculation method in block diagram form, for DFT-s-OFDM waveforms. This method is identical to the one used for LTE, and is included here as reference for comparison with method for CP-OFDM. The ‘LS Estimator’ Block implements the least squares channel estimator algorithm referenced in TS36.521, and reproduced below. The ‘*’ symbol indicates complex conjugation. It generates one equalizer coefficient for each allocated SC, EC(f). The summation shall be over FFS symbols (example: 14 symbols).

[image: image3.wmf]å

å

=

symbols

symbols

t

f

MS

t

f

NS

t

f

NS

t

f

NS

f

EC

)

,

(

)

,

(

)

,

(

)

,

(

)

(

*

*


Equalized Symbols are obtained by multiplying SC-specific equalizing coefficients EC(f) with measured symbols generated by an FFT block in diagram below. Pulse-shaped pi/2 BPSK DFT-s-OFDM waveforms can also be processed in the same manner, with the understanding that DMRS signals can be retrieved only after IDFT processing.
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Figure 2.1.1: EVM Calculation Block Diagram for DFT-s-OFDM Waveforms

2.1.2. CP-OFDM
Figure 2.1.2 shows the proposed EVM calculation method in block diagram form, for CP-OFDM Waveforms The ‘LS Estimator’ Block implements a least squares channel estimator algorithm. The ‘*’ symbol indicates complex conjugation. It generates one equalizer coefficient for each allocated SC, EC(f). The summation shall be over FFS symbols (example: 14 symbols).
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Equalized Symbols are obtained by multiplying SC-specific equalizing coefficients EC(f) with measured symbols generated by an FFT block in diagram below.
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Figure 2.1.2: EVM Calculation Block Diagram for CP-OFDM Waveforms

Proposal 1: EVM calculation methodology for CP-OFDM waveforms shall follow block diagram in figure 2.1.2
2.2. EVM Calculation General Requirements

Some general guidelines may be defined for all EVM calculation activity:

1. EVM Specifications were proposed in [4] for range 1, and in [6] for range 2:
	Modulation
	EVM, range 1
	EVM, range 2

	Pi/2 BPSK
	[25%]
	[35]%

	QPSK
	17.5%
	[17.5 - 28]%

	16QAM
	12.5%
	[12.5 - 17.5]%

	64QAM
	8%
	8%

	256QAM
	3.5%
	3.5%


2. Timing Reference Point: (Carried forward from TS36.101 rel. 14) Prior to any calculation, the EVM calculator shall detect the start of each symbol’s CP, and 
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, any frequency error in UE output. The latter quantity shall be used to frequency shift the captured signal so there is no frequency error for succeeding stages.
3. Carrier Leakage Treatment:
a. DFT-s-OFDM: (Carried forward from TS36.101 rel. 14) The carrier leakage shall be removed from the evaluated signal before calculating the EVM and the in-band emissions; however, the removed relative carrier leakage power also must satisfy the applicable requirement.
b. CP-OFDM: Carrier leakage may not be removed prior to EVM calculation.
4. SCs to be considered for EVM calculation: (Carried forward from TS36.101 rel. 14) Only SCs belonging to allocated RBs ae admitted into the EVM calculation, and channel estimation blocks.
5. EVM Averaging Duration: EVM averaging duration shall be over FFS symbols (example: 140 symbols).  Transmitted power shall remain static for evaluation duration.
6. Treatment of EVMh and EVMl: (Carried forward from TS36.101 rel. 14) Since the averaging is done separately for timing¦ 
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, the worse of the two is selected for comparison against test requirements.
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7. Measurement Standard for UEs operating in range 2: Measurements for UEs in range 2 are typically made on radiated power, rather than conducted power. It is hence necessary to define the test equipment antenna, which we propose, be arbitrarily set to 0dBi gain.
Proposal 2: EVM calculation general requirements shall follow contents of section 2.2.
2.3. FFT Sample Block Timing

Timing offset range, or window length ‘W’, shall be set to 3% of FFT length for all applications for PUSCH symbols and standard CP size. For reference, for 20MHz LTE, W is closer to 7% of FFT length. This proposed reduction in window size is acknowledgment that more intrusive time-windowing and filtering are necessary for spectral confinement, which, in turn are necessitated by the increased spectral utilization [1] over LTE. The need to reduce window size to accommodate spectral confinement techniques has precedent in [5]. This type of specification, i.e. ‘W’ as a simple fraction of FFT size, supplants exhaustive window-length tables. 
Proposal 3: Window length ‘W’ used in EVM calculation shall be 3% of FFT length for various numerologies.
The tables documented below (sections 2.3.x) are an example implementation, and for clarity only. Certain details like FFT size and sampling frequency are UE-implementation specific.

2.3.1. Range 1, 15kHz SCS

	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
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N

 for CP = 7% FFT Size 
	W 

	5
	512
	7.68
	36
	15

	10
	1024
	15.36
	72
	31

	15
	1536
	23.04
	108
	46

	20
	2048
	30.72
	144
	61

	25
	3072
	46.08
	216
	92

	40
	4096
	61.44
	288
	123

	50
	4096
	61.44
	288
	123


2.3.2. Range 1, 30kHz SCS

	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
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N

 for CP = 7% FFT Size
	W

	5
	256
	7.68
	18
	8

	10
	512
	15.36
	36
	15

	15
	768
	23.04
	45
	23

	20
	1024
	30.72
	72
	31

	25
	1536
	46.08
	108
	46

	40
	2048
	61.44
	144
	61

	50
	3072
	92.16
	216
	92

	60
	3072
	92.16
	216
	92

	80
	4096
	122.88
	288
	123

	100
	4096
	122.88
	288
	123


2.3.3. Range 1, 60kHz SCS

	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
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N

 for CP = 7% FFT Size
	W

	10
	256
	15.36
	18
	8

	15
	384
	23.04
	27
	12

	20
	512
	30.72
	36
	15

	25
	768
	46.08
	45
	23

	40
	1024
	61.44
	72
	31

	50
	1536
	92.16
	108
	46

	60
	1536
	92.16
	108
	46

	80
	2048
	122.88
	144
	61

	100
	3072
	184.32
	288
	92


2.3.4. Range 2, 60kHz SCS

	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
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N

 for CP = 7% FFT Size 
	W 

	50
	1536
	92.16
	108
	46

	100
	3072
	184.32
	216
	92

	200
	4096
	245.76
	288
	123


2.3.5. Range 2, 120kHz SCS

	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
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N

 for CP = 7% FFT Size 
	W 

	50
	768
	92.16
	45
	23

	100
	1536
	184.32
	108
	46

	200
	3072
	368.64
	216
	92

	400
	4096
	491.52
	288
	123


2.3.6. Range 2, 240kHz SCS

	Channel Bandwidth (MHz)
	Nominal FFT size
	Sampling Rate (MHz)
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N

 for CP = 7% FFT Size 
	W 

	50
	384
	92.64
	27
	12

	100
	768
	184.32
	45
	23

	200
	1536
	368.64
	108
	46

	400
	3072
	737.28
	216
	92


3. Conclusion
A basic framework for EVM measurement has been presented. The proposals are reproduced below:
Proposal 1: EVM calculation methodology for CP-OFDM waveforms shall follow block diagram in figure 2.1.2
Proposal 2: EVM calculation general requirements shall follow contents of section 2.2

Proposal 3: Window length ‘W’ used in EVM calculation shall be 3% of FFT length for various numerologies.
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