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1. Introduction

At RAN#78, it was decided that for each NR test case a discussion of test point selection regarding frequency, channel BW, SCS, RB allocation and waveform is required and that the analysis is documented in TR 38.905.

In this contribution the selection of frequency, channel BW, SCS, RB allocation and waveform for the Error Vector Magnitude test case [1] is analyzed.

2. Error Vector Magnitude 

Discussion
The Error Vector Magnitude (EVM) is a figure of merit for the transmit modulation quality and is defined in section 6.4.2.1 and Annex F Transmit Modulation of TS 38.101-1 [2].

The minimum requirement is specified as follows:

The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM.

The measured waveform is further equalised using the channel estimates subjected to the EVM equaliser spectrum flatness requirement specified in sub-clause 6.4.2.4. For DFT-s-OFDM waveforms, the EVM result is defined after the front-end FFT and IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. For CP-OFDM waveforms, the EVM result is defined after the front-end FFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %.

The basic EVM measurement interval in the time domain is one preamble sequence for the PRACH and the duration of PUCCH/PUSCH channel, or one hop, if frequency hopping is enabled for PUCCH and PUSCH in the time domain. The EVM measurement interval is reduced by any symbols that contains an allowable power transient as defined in subclause 6.3.3.

The RMS average of the basic EVM measurements for 10 sub-frames excluding any transient period for the average EVM case, and 60 sub-frames excluding any transient period for the reference signal EVM case, for the different modulations schemes shall not exceed the values specified in Table 6.4.2.1-1 for the parameters defined in Table 6.4.2.1-2. For EVM evaluation purposes, all PRACH preamble formats 0-4 and all PUCCH formats 1, 1a, 1b, 2, 2a and 2b are considered to have the same EVM requirement as QPSK modulated.

Table 6.4.2.1-1: Requirements for Error Vector Magnitude

	Parameter
	Unit
	Average EVM Level

	Pi/2-BPSK 
	%
	30

	QPSK
	%
	17.5

	16 QAM 
	%
	12.5

	64 QAM 
	%
	8

	256 QAM
	%
	3.5


Table 6.4.2.1-2: Parameters for Error Vector Magnitude

	Parameter
	Unit
	Level

	UE Output Power
	dBm
	(Table 6.3.1-1 

	UE Output Power for 256 QAM
	dBm
	( TBD

	Operating conditions
	
	Normal conditions


Test Environment
In LTE, EVM is tested applying normal condition as test environment. Since the EVM test methodology for NR FR1 is very similar to LTE, using the same test environment is a reasonable approach.
Proposal 1: Define test environment as Normal for EVM in FR1.
Test Subcarrier Spacing

In this section the selection of the subcarrier spacing to be tested is analyzed. The subcarrier spacing determines the spectrum efficiency as well as the symbol duration. On the one hand, the maximum transmission bandwidth, i.e. largest spectrum efficiency, is achieved with the lowest subcarrier spacing setting a tighter requirement on the modulation performance in the frequency domain. On the other hand, a large subcarrier spacing results in short symbols which need to be well defined in the time domain to achieve a high signal quality. For a mid-valued SCS neither the largest transmission bandwidth nor the shortest symbols occur. However, in the case of lowest SCS the requirement in the time domain is most relaxed and for the highest SCS the requirement for the frequency domain is lowest. For a mid SCS, requirements for the frequency and time domain behavior are both at an intermediate level which may pose similar demands on the modulation quality. Therefore, also this case should be covered by the test.
Proposal 2: Select lowest, mid and highest SCS for EVM in FR1.

Test Frequencies

In LTE, EVM is tested for Low range, Mid range, and High range. Due to the per band filters present in the RF frontend of FR1 NR UEs, the same test coverage as for LTE is needed to ensure that the EVM is not deteriorated by transmission properties of the filters in combination with those of the PAs.

Proposal 3: Test EVM for Low range, Mid range, and High range frequencies in FR1.

Test Channel Bandwidth

In LTE, EVM is tested for Lowest, 5 MHz and Highest channel bandwidths. This assumption seems to be reasonable to test different behaviors of the UE transmitter related to different frequency selectivity with respect to different channel bandwidth at first sight. However, in order to achieve test time reduction, we believe that mid channel bandwidth can be omitted as it does not pose an extreme case.
Proposal 4: Test EVM for Lowest, and Highest channel bandwidth in FR1.

Test Modulations and waveforms for EVM PUSCH

The minimum requirements are specified for Pi/2-BPSK, QPSK, 16 QAM, 64 QAM, and 256 QAM. In order to ensure that the UE meets all these requirements the test has to cover these. Due to the differences in the modulation scheme (with and without precoding) and due to the different CREST factors for dft-s-OFDM and CP-OFDM both waveforms should be tested.

Proposal 5: Test EVM PUSCH for the modulation waveform combinations stated in Table 2.6-1.

Table 2.6-1: Modulation and waveform combinations
	DFT-s-OFDM PI/2 BPSK

	DFT-s-OFDM QPSK

	DFT-s-OFDM 16 QAM

	DFT-s-OFDM 64 QAM

	DFT-s-OFDM 256 QAM

	CP-OFDM QPSK

	CP-OFDM 16 QAM

	CP-OFDM 64 QAM

	CP-OFDM 256 QAM


RB allocation for EVM PUSCH

In LTE, EVM is measured with full allocation and the highest partial allocation where no MPR occurs. As for 64 QAM and 256 QAM always the same MPR is applied, it is sufficient to test these modulations with outer_full only. The lower modulations should be tested with outer_full and inner_full allocation to consider the different MPR since EVM depends on the power level.

Proposal 6: Test EVM PUSCH with the modulation, waveform and RB allocation combinations comprised in Table 2.7-1.

Table 2.7-1: Modulation, waveform and RB combinations

	Test ID
	Uplink Configuration

	
	Modulation
	RB allocation (NOTE 1)

	1
	DFT-s-OFDM PI/2 BPSK
	Inner Full

	2
	DFT-s-OFDM PI/2 BPSK
	Outer Full

	3
	DFT-s-OFDM QPSK
	Inner Full

	4
	DFT-s-OFDM QPSK
	Outer Full

	5
	DFT-s-OFDM 16 QAM
	Inner Full

	6
	DFT-s-OFDM 16 QAM
	Outer Full

	7
	DFT-s-OFDM 64 QAM
	Outer Full

	8
	DFT-s-OFDM 256 QAM
	Outer Full

	9
	CP-OFDM QPSK
	Inner Full

	10
	CP-OFDM QPSK
	Outer Full

	11
	CP-OFDM 16 QAM
	Inner Full

	12
	CP-OFDM 16 QAM
	Outer Full

	13
	CP-OFDM 64 QAM
	Outer Full

	14
	CP-OFDM 256 QAM
	Outer Full


Test Modulations, waveforms and formats for EVM PUCCH
Depending on the PUCCH format QPSK or PI/2- BPSK are applied as modulation. In LTE, for FDD format 1a and for TDD format 1a / 1b are tested. The same approach should be followed in 5G.

Due to the differences in the modulation scheme (with and without precoding) and due to the different CREST factors for DFT-s-OFDM and CP-OFDM both waveforms should be tested.
Proposal 7: Test EVM PUCCH for DFT-s-OFDM and CP-OFDM with Format 1a for FDD and Format 1a / 1b for TDD.
Downlink configuration for EVM PUCCH
In LTE, QPSK is applied as modulation for the downlink and RB allocation is partial. However, the EVM of PUCCH should not depend on the downlink allocation and therefore a specification of the downlink allocation is not required. 
Proposal 8: Do not specify a downlink allocation for EVM PUCCH. 
Configuration for EVM PRACH

In LTE, for TDD and FDD specific PRACH preamble formats are applied. 
For FDD, the PRACH configuration index is 4 resulting in preamble format 0 with 1.25 kHz subcarrier spacing for the random access preamble, any system frame number and a subframe number equal to 4. Applying the same in 5G requires a PRACH Configuration index of 17.

For LTE TDD, the PRACH configuration index is 53 resulting in preamble format 4 with 7.5 kHz subcarrier spacing. For 5G a subcarrier spacing of 5 kHz is possible by applying preamble format 3. This is achieved with PRACH Configuration Index = 52. Compared to LTE the RS EPRE has setting has been changed to take the different subcarrier spacing into account.
Proposal 9: Test EVM PRACH with the preamble format of Table 2.9-1. 

Table 2.9-1: EVM PRACH preamble format
	PRACH preamble format

	
	FDD
	TDD

	PRACH Configuration Index
	17
	52

	RS EPRE setting for test point 1 (dBm/15kHz)
	-71
	-65

	RS EPRE setting for test point 2 (dBm/15kHz)
	-86
	-80


Exceptions for EVM UL-MIMO test
According to TS 38.211 UL MIMO only applies to PUSCH, therefore PUCCH and PRACH are not considered. The requirements of EVM for UL-MIMO are in a quite similar way of single antenna EVM test case 6.4.2.1, therefore the test point selection in proposal 1~4 can be reused without any change.

However according to [4], CP-OFDM is mandatory in case UL-MIMO transmission with two layer data, only test points with CP-OFDM in proposal 5 and 6 are selected.

Proposal 10: For EVM for UL MIMO, only PUSCH is tested. Test points selected in proposal 1~4 can be reused. Test points with CP-OFDM in proposal 5 and 6 can be reused.
3. 
Conclusion

To sum up, the following selection of test points is proposed for EVM in FR1:

Proposal 1: Define test environment as Normal for EVM in FR1.

Proposal 2: Select lowest, mid and highest SCS for EVM in FR1.

Proposal 3: Test EVM for Low range, Mid range, and High range frequencies in FR1.

Proposal 4: Test EVM for Lowest and Highest channel bandwidth in FR1.

Proposal 5: Test EVM PUSCH for the modulation waveform combinations stated in Table 2.6-1.

Table 2.6-1: Modulation and waveform combinations
	DFT-s-OFDM PI/2 BPSK

	DFT-s-OFDM QPSK

	DFT-s-OFDM 16 QAM

	DFT-s-OFDM 64 QAM

	DFT-s-OFDM 256 QAM

	CP-OFDM QPSK

	CP-OFDM 16 QAM

	CP-OFDM 64 QAM

	CP-OFDM 256 QAM


Proposal 6: Test EVM PUSCH with the modulation, waveform and RB allocation combinations comprised in Table 2.7-1.

Table 2.7-1: Modulation, waveform and RB combinations

	Test ID
	Uplink Configuration

	
	Modulation
	RB allocation (NOTE 1)

	1
	DFT-s-OFDM PI/2 BPSK
	Inner Full

	2
	DFT-s-OFDM PI/2 BPSK
	Outer Full

	3
	DFT-s-OFDM QPSK
	Inner Full

	4
	DFT-s-OFDM QPSK
	Outer Full

	5
	DFT-s-OFDM 16 QAM
	Inner Full

	6
	DFT-s-OFDM 16 QAM
	Outer Full

	7
	DFT-s-OFDM 64 QAM
	Outer Full

	8
	DFT-s-OFDM 256 QAM
	Outer Full

	9
	CP-OFDM QPSK
	Inner Full

	10
	CP-OFDM QPSK
	Outer Full

	11
	CP-OFDM 16 QAM
	Inner Full

	12
	CP-OFDM 16 QAM
	Outer Full

	13
	CP-OFDM 64 QAM
	Outer Full

	14
	CP-OFDM 256 QAM
	Outer Full


Proposal 7: Test EVM PUCCH for DFT-s-OFDM and CP-OFDM with Format 1a for FDD and Format 1a / 1b for TDD.
Proposal 8: Do not specify a downlink allocation for EVM PUCCH. 
Proposal 9: Test EVM PRACH with the preamble format of Table 2.9-1. 

Table 2.9-1: EVM PRACH preamble format

	PRACH preamble format

	
	FDD
	TDD

	PRACH Configuration Index
	17
	52

	RS EPRE setting for test point 1 (dBm/15kHz)
	-71
	-65

	RS EPRE setting for test point 2 (dBm/15kHz)
	-86
	-80


Proposal 10: For EVM for UL MIMO, only PUSCH is tested. Test points selected in proposal 1~4 can be reused. Test points with CP-OFDM in proposal 5 and 6 can be reused.
4. 
Number of test points

In this document several proposals have been stated for the configuration parameters. In all of cases the analysis has been focused on reducing testing time without losing coverage in UE testing for NR FR1.

EVM PUSCH:

	Environmental

conditions
	Maximum Number of Frequencies 
	Maximum Number of ChBW
	Number SCS
	Number of steps (mod and RB)
	Maximum Number of Test Steps

	1
	3
	2
	3
	14
	252


EVM PUCCH:

	Environmental

conditions
	Maximum Number of Frequencies 
	Maximum Number of ChBW
	Number SCS
	Number of steps (format and waveform)
	Maximum Number of Test Steps

	1
	3
	2
	3
	2
	36


EVM PRACH:

	Environmental

conditions
	Maximum Number of Frequencies 
	Maximum Number of ChBW
	Number SCS
	Number of steps (RS EPRE)
	Maximum Number of Test Steps

	1
	3
	2
	3
	2
	36
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