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1.	Introduction
This paper provides assumptions and MU value of FR2 EVM test case for PUSCH, PC3.

2.	Discussion
[bookmark: _Hlk60670583]2.1	TE noise floor assumption
The testable lowest power level has been discussed in RAN5, and it can be used for TE noise floor assumption. In ACLR test case, it is agreed to use -7.6 dBm/400 MHz for FR2a and -5.5 dBm/400 MHz. EVM is measured for single polarization, so -3 dB is needed for the noise floor asuumption in ACLR test case. For clarity, the following table shows the values for other channel bandwidths. 
[bookmark: _Ref84597828]Table 1 The highest sensitivity TE noise floor [dBm] for single polarization based on the past RAN5 discussion
	
	CBW = 50MHz
	CBW = 100MHz
	CBW = 200MHz
	CBW = 400MHz

	FR2a
	-19.6
	-16.6
	-13.6
	-10.6

	FR2b
	-17.5
	-14.5
	-11.5
	-8.5


Observation 1 : Based on the past RAN5 discussion, the highest sensitivity TE noise floor for single polarization is -10.6 dBm/400 MHz for FR2a and -8.5 dBm/400 MHz for FR2b.
For consistency with other test cases and past discussion, we propose to use -10.6 dBm/400 MHz for FR2a and -8.5 dBm/400 MHz for FR2b for TE noise floor assumption in EVM test case.
[bookmark: _Ref84618795]Proposal 1 : Use -10.6 dBm/400 MHz for FR2a and -8.5 dBm/400 MHz for FR2b in TE noise floor assumption of FR2 EVM test case. Note that it assumes measuring single polarization.

2.2	UE output power assumption and available residual EVM with MPR
In FR2 EVM test case, UE output power is set by continuously sending uplink power control “up” commands. Therefore, the lowest possible power level is calculated by MinPeakEIRP – (MBR + MPR + T(MPR)) – 3 dB, where 3dB is reduction by polarization mismatch in the worst case. Table 2 shows the values of MPR + T(MPR) in each modulation type according to clause 6.2.2 in TS 38.521-2. Note that ‘Outer_Full’ is used to assume larger MPR.
[bookmark: _Ref83831305]Table 2 MPR value [dB] in each modulation type
	Modulation
	CBW ≤ 200MHz
	CBW = 400MHz

	
	MPR
	T(MPR)
	MPR + T(MPR)
	MPR
	T(MPR)
	MPR + T(MPR)

	DFT-s-OFDM PI/2 BPSK
	2.0
	1.5
	3.5
	3.0
	2.0
	5.0

	DFT-s-OFDM QPSK
	2.0
	1.5
	3.5
	3.0
	2.0
	5.0

	DFT-s-OFDM 16 QAM
	3.5
	3.0
	6.5
	4.5
	4.0
	8.5

	DFT-s-OFDM 64 QAM
	5.5
	5.0
	10.5
	6.5
	5.0
	11.5

	CP-OFDM QPSK
	4.0
	3.0
	7.0
	5.0
	4.0
	9.0

	CP-OFDM 16 QAM
	5.0
	4.0
	9.0
	6.5
	5.0
	11.5

	CP-OFDM 64 QAM
	7.5
	5.0
	12.5
	9.0
	5.0
	14.0


The UE output power in each CBW and each frequency sub-range is obtained as follows by using value of MPR + T(MPR) in Table 2, MinPeakEIRP = 22.4 dBm for FR2a and 20.6 dBm for FR2b, MBR = 0.75 dB.
[bookmark: _Ref83915441]Table 3 UE output power [dBm] with MPR
	Modulation
	FR2a
	FR2b

	
	CBW ≤ 200MHz
	CBW = 400MHz
	CBW ≤ 200MHz
	CBW = 400MHz

	DFT-s-OFDM PI/2 BPSK
	15.15
	13.65
	13.35
	11.85

	DFT-s-OFDM QPSK
	15.15
	13.65
	13.35
	11.85

	DFT-s-OFDM 16 QAM
	12.15
	10.15
	10.35
	8.35

	DFT-s-OFDM 64 QAM
	8.15
	7.15
	6.35
	5.35

	CP-OFDM QPSK
	11.65
	9.65
	9.85
	7.85

	CP-OFDM 16 QAM
	9.65
	7.15
	7.85
	5.35

	CP-OFDM 64 QAM
	6.15
	4.65
	4.35
	2.85


From Table 1 and Table 3, available SNR and residual EVM produced by SNR are calculated as follows. Cells are colored by relationship between the residual EVM and the core requirement; Green indicates the residual EVM is less than the half of core requirement, and orange indicates the residual EVM is larger than the half of core requirement, and red indicates the residual EVM is larger than the core requirement.
[bookmark: _Ref84607641]Table 4 Available SNR [dB] and residual EVM [%] with MPR in FR2a
	Modulation
	CBW = 50MHz
	CBW = 100MHz
	CBW = 200MHz
	CBW = 400MHz
	Requirement for EVM [%]

	
	SNR
	EVM
	SNR
	EVM
	SNR
	EVM
	SNR
	EVM
	

	DFT-s-OFDM PI/2 BPSK
	34.75
	1.9 %
	31.75
	2.6 %
	28.75
	3.7 %
	24.25
	6.2 %
	30.0 %

	DFT-s-OFDM QPSK
	34.75
	1.9 %
	31.75
	2.6 %
	28.75
	3.7 %
	24.25
	6.2 %
	17.5 %

	DFT-s-OFDM 16 QAM
	31.75
	2.6 %
	28.75
	3.7 %
	25.75
	5.2 %
	20.75
	9.2 %
	12.5 %

	DFT-s-OFDM 64 QAM
	27.75
	4.1 %
	24.75
	5.8 %
	21.75
	8.2 %
	17.75
	13.0 %
	8.0 %

	CP-OFDM QPSK
	31.25
	2.8 %
	28.25
	3.9 %
	25.25
	5.5 %
	20.25
	9.8 %
	17.5 %

	CP-OFDM 16 QAM
	29.25
	3.5 %
	26.25
	4.9 %
	23.25
	6.9 %
	17.75
	13.0 %
	12.5 %

	CP-OFDM 64 QAM
	25.75
	5.2 %
	22.75
	7.3 %
	19.75
	10.3 %
	15.25
	17.3 %
	8.0 %


[bookmark: _Ref84607650]Table 5 Available SNR [dB] and residual EVM [%] with MPR in FR2b
	Modulation
	CBW = 50MHz
	CBW = 100MHz
	CBW = 200MHz
	CBW = 400MHz
	Requirement for EVM [%]

	
	SNR
	EVM
	SNR
	EVM
	SNR
	EVM
	SNR
	EVM
	

	DFT-s-OFDM PI/2 BPSK
	30.85
	2.9 %
	27.85
	4.1 %
	24.85
	5.8 %
	20.35
	9.7 %
	30.0 %

	DFT-s-OFDM QPSK
	30.85
	2.9 %
	27.85
	4.1 %
	24.85
	5.8 %
	20.35
	9.7 %
	17.5 %

	DFT-s-OFDM 16 QAM
	27.85
	4.1 %
	24.85
	5.8 %
	21.85
	8.1 %
	16.85
	14.4 %
	12.5 %

	DFT-s-OFDM 64 QAM
	23.85
	6.4 %
	20.85
	9.1 %
	17.85
	12.8 %
	13.85
	20.4 %
	8.0 %

	CP-OFDM QPSK
	27.35
	4.3 %
	24.35
	6.1 %
	21.35
	8.6 %
	16.35
	15.3 %
	17.5 %

	CP-OFDM 16 QAM
	25.35
	5.4 %
	22.35
	7.7 %
	19.35
	10.8 %
	13.85
	20.4 %
	12.5 %

	CP-OFDM 64 QAM
	21.85
	8.1 %
	18.85
	11.4 %
	15.85
	16.2 %
	11.35
	27.1 %
	8.0 %


As shown above, there are many test points with testability issue, if we use UE output power with MPR to assume the worst case and TE noise floor based on the past RAN5 discussion. Especially 64 QAM cannot be measured with residual EVM less than the half of core requirement at any test points. Note that the above residual EVM is based on only available SNR, and the actual residual EVM can be larger by considering TE’s uncertainty.
Observation 2 : If we use UE output power with MPR to assume the worst case and TE noise floor based on the past RAN5 discussion, there are many test points with testability issue as shown in Table 4 and Table 5.

2.3	UE output power assumption and available residual EVM without MPR
In order to improve the testability issue, we propose to not use MPR for UE output power in EVM test case. The value of MPR and T(MPR) becomes more than 10 dB in 64 QAM and decreases UE output power, so removing MPR will lead an improvement of available SNR and EVM. Furthermore, higher output power is generally hard for UE and leads EVM test stricter.
[bookmark: _Ref84618886][bookmark: _Ref84618796]Proposal 2 : Do not use MPR for UE output power in EVM test case.
If MPR is removed from the test case, the lowest possible power level is calculated as 18.65 dBm for FR2a and 16.85 dBm for FR2b by MinPeakEIRP – MBR – 3 dB. From Table 1, available SNR and residual EVM produced by SNR are calculated as follows.
[bookmark: _Ref84614244]Table 6 Available SNR [dB] and residual EVM [%] without MPR in FR2a
	Modulation
	CBW = 50MHz
	CBW = 100MHz
	CBW = 200MHz
	CBW = 400MHz
	Requirement for EVM [%]

	
	SNR
	EVM
	SNR
	EVM
	SNR
	EVM
	SNR
	EVM
	

	DFT-s-OFDM PI/2 BPSK
	
	
	
	
	
	
	
	
	30.0 %

	DFT-s-OFDM QPSK
	
	
	
	
	
	
	
	
	17.5 %

	DFT-s-OFDM 16 QAM
	
	
	
	
	
	
	
	
	12.5 %

	DFT-s-OFDM 64 QAM
	38.25
	1.3 %
	35.25
	1.8 %
	32.25
	2.5 %
	29.25
	3.5 %
	8.0 %

	CP-OFDM QPSK
	
	
	
	
	
	
	
	
	17.5 %

	CP-OFDM 16 QAM
	
	
	
	
	
	
	
	
	12.5 %

	CP-OFDM 64 QAM
	
	
	
	
	
	
	
	
	8.0 %


[bookmark: _Ref84614245]Table 7 Available SNR [dB] and residual EVM [%] without MPR in FR2b
	Modulation
	CBW = 50MHz
	CBW = 100MHz
	CBW = 200MHz
	CBW = 400MHz
	Requirement for EVM [%]

	
	SNR
	EVM
	SNR
	EVM
	SNR
	EVM
	SNR
	EVM
	

	DFT-s-OFDM PI/2 BPSK
	
	
	
	
	
	
	
	
	30.0 %

	DFT-s-OFDM QPSK
	
	
	
	
	
	
	
	
	17.5 %

	DFT-s-OFDM 16 QAM
	
	
	
	
	
	
	
	
	12.5 %

	DFT-s-OFDM 64 QAM
	34.35
	2.0 %
	31.35
	2.8 %
	28.35
	3.9 %
	25.35
	5.5 %
	8.0 %

	CP-OFDM QPSK
	
	
	
	
	
	
	
	
	17.5 %

	CP-OFDM 16 QAM
	
	
	
	
	
	
	
	
	12.5 %

	CP-OFDM 64 QAM
	
	
	
	
	
	
	
	
	8.0 %


As shown above, the residual EVM is less than the half of the core requirement at all test points other than 64 QAM and CBW ≥ 400 MHz, if we remove MPR from the test case.
Observation 3 : If we remove MPR from EVM test case, most of testability issues can be resolved as shown in Table 6 and Table 7.

2.4	MU proposal
The actual residual EVM is obtained by considering TE’s uncertainty in addition to the values in Table 6 and Table 7. We propose the following values for EVM MU for FR2a and FR2b.
[bookmark: _Ref84615106]Table 8 EVM MU for FR2a and FR2b
	CBW = 50MHz, 100 MHz
	CBW = 200MHz
	CBW = 400MHz

	3.9 %
	5.6 %
	7.9 %


[bookmark: _Ref84618798]Proposal 3 : Adopt the values in Table 8 to EVM MU for FR2a and FR2b, PUSCH, PC3, if the Proposal 2 is endorsed.
The proposed EVM MU value is more than the half of the core requirement at three test points, 16QAM and CBW = 400 MHz, 64QAM and CBW = 200 MHz, 64 QAM and CBW = 400 MHz. We propose to apply the following TT for such test points to ensure that a compliant UE does not fail the test by the large EVM MU. TT value is calculated by the difference between the core requirement and measured EVM of marginal UE.
· TT = 2.3 % for 16QAM, CBW = 400 MHz
· TT = 1.8 % for 64QAM, CBW = 200 MHz
· TT = 3.2 % for 64QAM, CBW = 400 MHz
[bookmark: _Ref84618799]Proposal 4 : Adopt the above values to EVM TT for FR2a and FR2b, PUSCH, PC3, if the Proposal 2 is endorsed.


3.	Conclusion
RAN5 is asked to endorse following proposals.
Proposal 1 : Use -10.6 dBm/400 MHz for FR2a and -8.5 dBm/400 MHz for FR2b in TE noise floor assumption of FR2 EVM test case. Note that it assumes measuring single polarization.
Proposal 2 : Do not use MPR for UE output power in EVM test case.
Proposal 3 : Adopt the values in Table 8 to EVM MU for FR2a and FR2b, PUSCH, PC3, if the Proposal 2 is endorsed.
Proposal 4 : Adopt the above values to EVM TT for FR2a and FR2b, PUSCH, PC3, if the Proposal 2 is endorsed.
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