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1. Introduction
The aim of this document is to progress in the MU and TT definition for the FR2 EVM test case.
2. [bookmark: _Ref31104997]Discussion
In [1] there was a consensus regarding the TE noise floor assumption that is copied here for convenience. 
[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.
It was also defined in section 2.2 in [1] how to calculate SNR and hence to derive EVM due to TE noise floor. However, the analysis was limited to Outer configurations (as a worst case) despite in current test case definition, there are also test IDs using inner configurations for which in some cases the resulting lower limit to the UE power is different. It is suggested then to analyse also those cases where MPR is not the worst case. 
Following the rules defined in [1] section 2.2, residual EVM based on available SNR and considering appropriate maximum MPR for each test point defined is as follows:
	Test ID
	Modulation
	RB alloc.
	50MHz
	100MHz
	200MHz
	400MHz

	1
	DFT-s-OFDM PI/2 BPSK
	Inner_Full 
	1.22%
	1.73%
	2.44%
	3.45%

	2
	DFT-s-OFDM PI/2 BPSK
	Outer_Full
	1.83%
	2.59%
	3.65%
	6.13%

	3
	DFT-s-OFDM QPSK
	Inner_Full 
	1.22%
	1.73%
	2.44%
	3.45%

	4
	DFT-s-OFDM QPSK
	Outer_Full
	1.83%
	2.59%
	3.65%
	6.13%

	5
	DFT-s-OFDM 16 QAM
	Inner_Full 
	2.18%
	3.07%
	4.34%
	9.17%

	6
	DFT-s-OFDM 16 QAM
	Outer_Full
	2.59%
	3.65%
	5.16%
	9.17%

	7
	DFT-s-OFDM 64 QAM
	Inner_Full 
	3.45%
	4.87%
	6.88%
	12.96%

	8
	DFT-s-OFDM 64 QAM
	Outer_Full
	4.10%
	5.79%
	8.18%
	12.96%

	9
	CP-OFDM QPSK
	Inner_Full 
	2.59%
	3.65%
	5.16%
	9.72%

	10
	CP-OFDM QPSK
	Outer_Full
	2.74%
	3.87%
	5.46%
	9.72%

	11
	CP-OFDM 16 QAM
	Inner_Full 
	3.45%
	4.87%
	6.88%
	12.96%

	12
	CP-OFDM 16 QAM
	Outer_Full
	3.45%
	4.87%
	6.88%
	12.96%

	13
	CP-OFDM 64 QAM
	Inner_Full 
	5.16%
	7.29%
	10.29%
	17.28%

	14
	CP-OFDM 64 QAM
	Outer_Full
	5.16%
	7.29%
	10.29%
	17.28%


Table 1. Residual EVM due to available SNR in FR2a.



	Test ID
	Modulation
	RB alloc.
	50MHz
	100MHz
	200MHz
	400MHz

	1
	DFT-s-OFDM PI/2 BPSK
	Inner_Full 
	1.92%
	2.71%
	3.82%
	5.40%

	2
	DFT-s-OFDM PI/2 BPSK
	Outer_Full
	2.87%
	4.05%
	5.72%
	9.61%

	3
	DFT-s-OFDM QPSK
	Inner_Full 
	1.92%
	2.71%
	3.82%
	5.40%

	4
	DFT-s-OFDM QPSK
	Outer_Full
	2.87%
	4.05%
	5.72%
	9.61%

	5
	DFT-s-OFDM 16 QAM
	Inner_Full 
	3.41%
	4.81%
	6.80%
	14.37%

	6
	DFT-s-OFDM 16 QAM
	Outer_Full
	4.05%
	5.72%
	8.08%
	14.37%

	7
	DFT-s-OFDM 64 QAM
	Inner_Full 
	5.40%
	7.63%
	10.78%
	20.30%

	8
	DFT-s-OFDM 64 QAM
	Outer_Full
	6.42%
	9.07%
	12.81%
	20.30%

	9
	CP-OFDM QPSK
	Inner_Full 
	4.05%
	5.72%
	8.08%
	15.22%

	10
	CP-OFDM QPSK
	Outer_Full
	4.29%
	6.06%
	8.56%
	15.22%

	11
	CP-OFDM 16 QAM
	Inner_Full 
	5.40%
	7.63%
	10.78%
	20.30%

	12
	CP-OFDM 16 QAM
	Outer_Full
	5.40%
	7.63%
	10.78%
	20.30%

	13
	CP-OFDM 64 QAM
	Inner_Full 
	8.08%
	11.42%
	16.13%
	27.07%

	14
	CP-OFDM 64 QAM
	Outer_Full
	8.08%
	11.42%
	16.13%
	27.07%


Table 2. Residual EVM due to available SNR in FR2b.

Once the TE noise floor impact has been considered in FR2 EVM MU, it is reasonable to also assume additional impact not related to noise (as done in [1]). In this document, the following values are proposed.

	Parameter
	Average EVM level (FR2a)
	Average EVM level (FR2b)

	50MHz
	2.50%
	3.00%

	100MHz
	3.00%
	4.00%

	200MHz
	4.25%
	5.75%

	400MHz
	6.00%
	8.00%


Table 3. Permitted TE EVM in addition to the accepted TE noise floor.
Proposal 1. In addition to the TE noise floor, consider the TE EVM defined in Table 3.
Another improvement that can be done on [1] is the clarification on how to consider additional EVM of the test system not coming from noise (it is indicated that we need to consider residual EVM due to noise as well as values in Table 8 but it is not indicated how to combine both values):
	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.



Both figures should be added quadratically to provide total TE EVM MU.
Proposal 2. Define the EVM MU as the root sum square (RSS) of the residual EVM due to available SNR with the TE EVM.
Next step is to define a rule for the test tolerances (TT) definition. In line to proposal and observations made in [2] regarding TT:
	We note that the value measured by the test equipment is the root sum square (rss) of the DUT EVM and the intrinsic TE EVM since the error vectors of UE and TE are statistically independent:
			(1)
In FR1, the TT has been calculated so that an UE complying with the minimum conformance requirement does not fail the test due to the intrinsic TE EVM:
	(2)
where  is the minimum conformance requirement and  is the intrinsic EVM of the test system.
….
Observation 2: For FR1, an increase of the measured EVM value relative to the conformance requirement of 6.8% has been tolerated whereas an increase by 8.6% has triggered definition of TT.
 In the following, we apply a similar condition as in FR1 for introducing TT: When the increase of the measured EVM due to intrinsic TE EVM is below 7.5% of the minimum conformance requirement, no TT is applied. In the other case TT is calculated via Eq. (2). 


 
We propose to define a specific rule by comparing the measured EVM with the minimum conformance requirement similar to proposal in [2] but considering the agreement on TE noise floor impact in [1] and setting up a maximum limit for testability based on FR2 EVM MU equal or less than a given percentage of minimum conformance requirement.
Proposal 3. If the increase of the measured EVM, as defined in [2] equation (1), is:
· Below 7.5% of the minimum conformance requirement, no TT is applied.  
· Equal or greater than 7.5% of the minimum conformance requirement, set TT = 1*(the increase of the measured EVM).
· If resulting TT is above 50% of the minimum conformance requirement, skip the test as not testable.
To be noted that when increase of the measured EVM is above 41.4% of the minimum conformance requirement means that the total EVM MU will be equal or greater than the minimum conformance requirement.
Proposal 2 and 3 result in the following test coverage and proposed values for PUSCH EVM MU and TT for PC3 in FR2a and FR2b.
	Test Config
	50MHz
	100MHz
	200MHz
	400MHz

	Test ID
	Modulation
	RB alloc.
	MU
	TT
	MU
	TT
	MU
	TT
	MU
	TT

	1
	DFT-s-OFDM PI/2 BPSK
	Inner_Full
	2.78%
	0.00%
	3.46%
	0.00%
	4.90%
	0.00%
	6.92%
	0.00%

	2
	DFT-s-OFDM PI/2 BPSK
	Outer_Full
	3.10%
	0.00%
	3.96%
	0.00%
	5.60%
	0.00%
	8.58%
	0.00%

	3
	DFT-s-OFDM QPSK
	Inner_Full
	2.78%
	0.00%
	3.46%
	0.00%
	4.90%
	0.00%
	6.92%
	1.32%

	4
	DFT-s-OFDM QPSK
	Outer_Full
	3.10%
	0.00%
	3.96%
	0.00%
	5.60%
	0.00%
	8.58%
	1.99%

	5
	DFT-s-OFDM 16 QAM
	Inner_Full
	3.31%
	0.00%
	4.29%
	0.00%
	6.07%
	1.40%
	10.96%
	4.12%

	6
	DFT-s-OFDM 16 QAM
	Outer_Full
	3.60%
	0.00%
	4.73%
	0.00%
	6.68%
	1.67%
	10.96%
	4.12%

	7
	DFT-s-OFDM 64 QAM
	Inner_Full
	4.26%
	1.06%
	5.72%
	1.83%
	8.09%
	3.37%
	NA
	NA

	8
	DFT-s-OFDM 64 QAM
	Outer_Full
	4.80%
	1.33%
	6.52%
	2.32%
	NA
	NA
	NA
	NA

	9
	CP-OFDM QPSK
	Inner_Full
	3.60%
	0.00%
	4.73%
	0.00%
	6.68%
	0.00%
	11.42%
	3.40%

	10
	CP-OFDM QPSK
	Outer_Full
	3.71%
	0.00%
	4.90%
	0.00%
	6.92%
	1.32%
	11.42%
	3.40%

	11
	CP-OFDM 16 QAM
	Inner_Full
	4.26%
	0.00%
	5.72%
	1.25%
	8.09%
	2.39%
	NA
	NA

	12
	CP-OFDM 16 QAM
	Outer_Full
	4.26%
	0.00%
	5.72%
	1.25%
	8.09%
	2.39%
	NA
	NA

	13
	CP-OFDM 64 QAM
	Inner_Full
	5.73%
	1.84%
	7.88%
	3.23%
	NA
	NA
	NA
	NA

	14
	CP-OFDM 64 QAM
	Outer_Full
	5.73%
	1.84%
	7.88%
	3.23%
	NA
	NA
	NA
	NA


Table 4. Proposed MU and TT for EVM in PUSCH, PC3, FR2a.

	Test Config
	50MHz
	100MHz
	200MHz
	400MHz

	Test ID
	Modulation
	RB alloc.
	MU
	TT
	MU
	TT
	MU
	TT
	MU
	TT

	1
	DFT-s-OFDM PI/2 BPSK
	Inner_Full
	3.56%
	0.00%
	4.83%
	0.00%
	6.91%
	0.00%
	9.65%
	0.00%

	2
	DFT-s-OFDM PI/2 BPSK
	Outer_Full
	4.15%
	0.00%
	5.69%
	0.00%
	8.11%
	0.00%
	12.50%
	2.50%

	3
	DFT-s-OFDM QPSK
	Inner_Full
	3.56%
	0.00%
	4.83%
	0.00%
	6.91%
	1.31%
	9.65%
	2.49%

	4
	DFT-s-OFDM QPSK
	Outer_Full
	4.15%
	0.00%
	5.69%
	0.00%
	8.11%
	1.79%
	12.50%
	4.01%

	5
	DFT-s-OFDM 16 QAM
	Inner_Full
	4.54%
	0.00%
	6.26%
	1.48%
	8.91%
	2.85%
	NA
	NA

	6
	DFT-s-OFDM 16 QAM
	Outer_Full
	5.04%
	0.98%
	6.98%
	1.82%
	9.92%
	3.46%
	NA
	NA

	7
	DFT-s-OFDM 64 QAM
	Inner_Full
	6.18%
	2.11%
	8.61%
	3.76%
	NA
	NA
	NA
	NA

	8
	DFT-s-OFDM 64 QAM
	Outer_Full
	7.09%
	2.69%
	NA
	NA
	NA
	NA
	NA
	NA

	9
	CP-OFDM QPSK
	Inner_Full
	5.04%
	0.00%
	6.98%
	1.34%
	9.92%
	2.62%
	17.20%
	7.04%

	10
	CP-OFDM QPSK
	Outer_Full
	5.24%
	0.00%
	7.26%
	1.45%
	10.31%
	2.81%
	17.20%
	7.04%

	11
	CP-OFDM 16 QAM
	Inner_Full
	6.18%
	1.44%
	8.61%
	2.68%
	12.22%
	4.98%
	NA
	NA

	12
	CP-OFDM 16 QAM
	Outer_Full
	6.18%
	1.44%
	8.61%
	2.68%
	12.22%
	4.98%
	NA
	NA

	13
	CP-OFDM 64 QAM
	Inner_Full
	8.62%
	3.76%
	NA
	NA
	NA
	NA
	NA
	NA

	14
	CP-OFDM 64 QAM
	Outer_Full
	8.62%
	3.76%
	NA
	NA
	NA
	NA
	NA
	NA


Table 5. Proposed MU and TT for EVM in PUSCH, PC3, FR2b.
Observation 1: Test coverage for 64 QAM modulation with Enhanced testing methodologies (CFFDNF, CFFNF and CFFdeltaNF) is FFS.
Associated change requests can be found in [3], [4], [5].
3. Conclusion
The following observations and conclusions were made in this contribution. 
Proposal 1. In addition to the TE noise floor, consider the TE EVM defined in Table 3.
Proposal 2. Define the EVM MU as the root sum square (RSS) of the residual EVM due to available SNR with the TE EVM.
Proposal 3. If the increase of the measured EVM, as defined in [2] equation (1), is:
· Below 7.5% of the minimum conformance requirement, no TT is applied.  
· Equal or greater than 7.5% of the minimum conformance requirement, set TT = 1*(the increase of the measured EVM).
· If resulting TT is above 50% of the minimum conformance requirement, skip the test as not testable.
Observation 1: Test coverage for 64 QAM modulation with Enhanced testing methodologies (CFFDNF, CFFNF and CFFdeltaNF) is FFS.
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