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Introduction
In this contribution, we discuss our preliminary analysis of the measurement uncertainty of the transmit modulation quality test cases applicable for SA and NSA operation mode with respect to the UE transmit power level. 
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In the following, we analyze each of the Tx modulation quality test cases. 
Single channel noise
From the relaxation values for Tx OFF power in Table 6.3.2.5-1 of TS 38.521-2 [1], we derive the single channel noise power for 400 MHz channel bandwidth based on the required SNR of 6 dB to achieve 1 dB impact from test system noise and the fact that power of both polarizations are summed up (see Table 1). 
Table 6.3.2.5-1: Transmit OFF power
	Operating band
	Channel bandwidth / Transmit OFF power (dBm) / measurement bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-35+21.4
	-35+24.4
	-35+27.4
	-35+30.4

	
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz

	n258, n261
	-35+[21.4]
	-35+[24.4]
	-35+[27.4]
	-35+[30.4]

	
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz

	n260
	-35+[24.1]
	-35+[27.1]
	-35+[30.1]
	-35+[33.1]

	
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz

	NOTE 1:	Core requirement cannot be tested due to testability issue and test requirement includes relaxation to achieve impact from test system noise to measurement result = 1.0 dB (Minimum requirement + relaxation).
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	Bands
	frequency range
	single channel noise power (dBm)

	n257, n258, n261
	24.25 - 29.5
	-13.6

	n260
	37.0 - 40.0
	-11



We base our analysis on the values in Table 1 but want to note that for a signal analyzer the equivalent noise level may be higher than for a simple power measurement. Thus, these single channel noise levels represent an optimistic case and might be increased by few dB. For clarity, we assume single channel noise power of -11 dBm in the rest of this paper.
Error Vector Magnitude
RAN4 has specified parameters for which the requirements on EVM are valid in clause 6.4.2 of TS 38.101-2 [2]:
The RMS average of the basic EVM measurements over 10 subframes for the average EVM case, and over 60 subframes for the reference signal EVM case, for the different modulation 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 or 6.4.2.1-3, depending on UE power class. For EVM evaluation purposes, all 13 PRACH preamble formats and all 5 PUCCH formats are considered to have the same EVM requirement as QPSK modulated. 
The requirement is verified with the test metric of EVM (Link=TX beam peak direction, Meas=Link angle).
Table 6.4.2.1-1: Minimum requirements for error vector magnitude
	
Parameter
	Unit
	Average EVM level
	Reference signal EVM level

	Pi/2 BPSK 
	%
	30.0
	30.0

	QPSK 
	%
	17.5
	17.5

	16 QAM 
	%
	12.5
	12.5

	64 QAM 
	%
	8.0
	8.0



Table 6.4.2.1-2: Parameters for Error Vector Magnitude for power class 1
	
Parameter
	Unit
	Level

	UE EIRP
	dBm
	 4

	UE EIRP for UL 16 QAM
	dBm
	 7

	UE EIRP for UL 64 QAM
	dBm
	 11

	Operating conditions
	
	Normal conditions



Table 6.4.2.1-3: Parameters for Error Vector Magnitude for power class 2, 3, and 4
	
Parameter
	Unit
	Level

	UE EIRP
	dBm
	 -13

	UE EIRP for UL 16 QAM
	dBm
	 -10

	UE EIRP for UL 64 QAM
	dBm
	 -6

	Operating conditions
	
	Normal conditions



The currently specified power values in test case 6.4.2.1 in TS 38.521-1 [1] are making use of the lower bounds of the power ranges specified in TS 38.101-2 for testing of the different modulation types. 
For EVM the highest and lowest channel bandwidth are to be tested. Since 400 MHz represents the worst case for the SNR, we choose this bandwidth for the analysis.
The transmit power of the UE is split on the two polarizations. In the worst case the power is evenly split and the signal in one polarization is 3dB lower than the power levels in above tables. This has to be accounted for when calculating the SNR and the EVM due to limited SNR.
Based on a typical single channel noise of -11 dBm the resulting SNR values for the different modulations are summarized in Table 2 and Table 3. 
[bookmark: _Ref31297470]Table 2: Estimated EVM due to SNR compared to core requirement (PC1). Not-testable core requirements highlighted in red. 
	
Parameter
	Total Tx Power of both polarization (dBm)
	SNR (dB)
	EVM due to SNR
	Core Requirement

	UE EIRP
	4
	12
	25.1%
	30 % (Pi/2 BPSK) 17.5% (QPSK)

	UE EIRP for UL 16 QAM
	7
	15
	17.8%
	12.5%

	UE EIRP for UL 64 QAM
	11
	19
	11.2%
	8%
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Parameter
	Total Tx Power of both polarization (dBm)
	SNR (dB)
	EVM due to SNR
	Core Requirement

	UE EIRP
	-13
	-5
	177.8%
	30 % (Pi/2 BPSK) 17.5% (QPSK)

	UE EIRP for UL 16 QAM
	-10
	-2
	125.9%
	12.5%

	UE EIRP for UL 64 QAM
	-6
	2
	79.4%
	8%



We emphasize that other effects which in real life further degrade the EVM of the test system such as the intrinsic EVM of the measurement device have not been considered for the sake of simplicity.
Observation 1: The low SNR results in EVM values exceeding the core requirement unacceptably. This is especially severe for power classes 2, 3 and 4. 
Therefore, the power levels currently specified in the test cases cannot be reasonably tested since the influence of the UE on the EVM is covered by the test system’s intrinsic EVM. In order to obtain meaningful test results the power level in the test case has to be increased in order to achieve enough SNR.
For a PC3 UE transmitting at maximum output power, assuming 0 dB MPR, the UE tolerance, TT of MOP test case and multi-band relaxation, the power level is 17.33 dBm which results in an EVM due to SNR of 5.4%. However, 0 dB MPR is only applicable for Pi/2 BPSK and QPSK and inner-allocation. Other modulations or allocations can have an MPR of up to 9.0 dB. For example, CP-OFDM 64QAM has an MPR of 9.0 dB independent of the allocation. Considering this case the resulting power level is 8.33 dBm and the associated EVM 15.3% that exceeds the core requirement of 8%.
Observation 2: Due to the high MPR for large channel bandwidths and allocation, there exists a low PSD issue for EVM even when tested at UE PUMAX. Consequently, it is not reasonable to test EVM at lower power levels than PUMAX.
Proposal 1: Test FR2 EVM only at PUMAX level and remove the test steps associated with lower power levels from the test case.
Observation 3: PC3 CP-OFDM 64QAM with 400 MHz channel bandwidth is not testable without relaxation.
For 64QAM, CP-OFDM the situation improves for lower bandwidths since both the MPR and single channel noise are reduced. In the case of 100 MHz the expected EVM due to SNR is 5.4% and below but still close to the core requirement. In this case a detailed analysis is necessary to judge testability based on the other MU contributors. 
Proposal 2: In addition to testing only at UE maximum output power, reconsider the test point selection to optimize MPR and single channel noise by choosing appropriate channel bandwidths and allocations. 
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6.4.2.2.4	Carrier leakage for power class 3
When carrier leakage is contained inside the spectrum occupied by the configured UL CCs and DL CCs, the relative carrier leakage power shall not exceed the values specified in Table 6.4.2.2.4-1 for power class 3 UEs.
Table 6.4.2.2.4-1: Minimum requirements for relative carrier leakage power for power class 3
	Parameters
	Relative Limit (dBc)

	EIRP > 0 dBm
	-25

	-13 dBm ≤ EIRP ≤ 0 dBm
	-20



Carrier leakage is tested with an SCS of 60 kHz resulting in an effective measured bandwidth of 720 kHz for 1RB and in the test case -13 dBm is applied for the lower power level. The relative limit is equivalent to -33 dBm which results in a small SNR of 2.4 dB assuming the single channel noise power spectral density of -11 dBm per 400 MHz. The associated impact of noise is 1.96 dB and can be reduced by testing at larger power levels. Since carrier leakage is tested in combination with EVM in the global in-channel Tx applying it is reasonable to test it only at MOP level.
For the relative limit the impact of noise can be determined by subtracting the impact of noise for the carrier measurement from the impact of noise for the leakage measurement. This results in an impact of noise of 1.58 dB.
The requirement for the upper power of 0 dBm could be measured with an SNR of roughly 10 dB equivalent to an impact of noise of 0.42 dB.
Proposal 3: Test FR2 Carrier Leakage only at the upper power level (≥0 dBm for PC3) and remove step 7 to 9 from the test procedure. 
In-band emissions
In-band emissions are tested with an allocation of Inner_16RBs_Left/Right and Pi/2 BSPK or QPSK modulation so that no MPR applies. 
Table 6.4.2.3.4.1-1: Test Configuration Table for PUSCH
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [10] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [10] subclause 4.3.1
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [10] subclause 4.3.1
	Lowest, Mid, Highest

	Test SCS as specified in Table 5.3.5-1
	Lowest

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A
	Modulation
	RB allocation (NOTE 1)

	1
	
	DFT-s-OFDM PI/2 BPSK
	Inner_16RB_Left

	2
	
	DFT-s-OFDM PI/2 BPSK
	Inner_16RB_Right

	3
	
	CP-OFDM QPSK
	Inner_16RB_Left

	4
	
	CP-OFDM QPSK
	Inner_16RB_Right

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.



Test case uses the following levels
Table 6.4.2.3.4.2-1: Parameters for In-band emissions
	
Power ID
	Unit
	Level for power class 1
	Level for power class 2
	Level for power class 3
	Level for power class 4

	1
	dBm
	27
	16
	10
	21

	2
	dBm
	17
	6
	0
	11

	3
	dBm
	4
	-13
	-13
	-13



For the test of Carrier Leakage included in in-band emission testing the same discussion as in section 2.3 applies.
For IQ image the power ranges for the requirement are different to that of carrier leakage. Testing at -13 dBm carrier power will result in an relatively large impact of noise of 1.6 dB for the relative measurement.
For non-allocated RBs, the power level to be measured depends on the modulation, allocation and carrier power. For Inner_16RB_Left/Right the level for a measurement bandwidth of one RB is -55.1 dBm for Tx power of -13 dBm and -39.2 dBm for 10 dBm carrier power. The latter results in an SNR of -3.8 dB. 
Observation 4: The requirement for non-allocated RBs cannot be tested without relaxation.
Proposal 4: Omit testing of Power ID 3 in the FR2 In-band emission test case and consider relaxation or not testing of the requirement for non-allocated RBs.
CA Test cases
The same analysis applies to CA test cases since typically only a single carrier has an uplink allocation.
Proposal 5: Apply the other proposals to the CA test cases as well.
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In this contribution we have presented a preliminary analysis of the measurement uncertainty of Tx modulation quality test cases. Due to the low SNR conditions and the low PSD nature of these test cases we propose to limit testing of FR2 Tx modulation quality test cases to UE maximum output power level.
Observation 1: The low SNR results in EVM values exceeding the core requirement unacceptably. This is especially severe for power classes 2, 3 and 4. 
Observation 2: Due to the high MPR for large channel bandwidths and allocation, there exists a low PSD issue for EVM even when tested at UE PUMAX. Consequently, it is not reasonable to test EVM at lower power levels than PUMAX.
Proposal 1: Test FR2 EVM only at PUMAX level and remove the test steps associated with lower power levels from the test case.
Observation 3: PC3 CP-OFDM 64QAM with 400 MHz channel bandwidth is not testable without relaxation.
Proposal 2: In addition to testing only at UE maximum output power, reconsider the test point selection to optimize MPR and single channel noise by choosing appropriate channel bandwidths and allocations. 
Proposal 3: Test FR2 Carrier Leakage only at the upper power level (≥0 dBm for PC3) and remove step 7 to 9 from the test procedure. 
Observation 4: The requirement for non-allocated RBs cannot be tested without relaxation.
Proposal 4: Omit testing of Power ID 3 in the FR2 In-band emission test case and consider relaxation or not testing of the requirement for non-allocated RBs .
Proposal 5: Apply the other proposals to the CA test cases as well.
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