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1.
Introduction
EVM (error vector magnitude) is an important parameter that quantify the performance of a transmitter.  The requirement of EVM gets progressively tighter for higher order modulation schemes. As the requirement becomes more stringent, the probability of false failure due to high MU becomes greater.  The objective of this discussion is to provide reasonable TT proposal such that a compliant UE would not fail when tested against the 2.5% EVM system. 
In RAN5 #79, Anritsu (R5-183951 [1]) introduced test system measurement uncertainty (MU) for all RF conformance test cases including EVM measurement for up to 64 QAM modulation.  Table 1 presents the proposed MU figures from this paper. Although the EVM MU for 256 QAM is left to be FFS, the possibility of reducing it further is not so easy to get based on offline discussion with some TE vendors.
Table 1-1 – Proposed NR FR1 maximum test system uncertainty (MU)

	
	Corresponding LTE Maximum Test Uncertainty
	Proposed FR1 NR Maximum Test System Uncertainty

	EVM
	For up to 64QAM

PUSCH: ± 2.5%
PUCCH: ± 2.5%
PRACH: ± 2.5%
	For up to 64QAM, f ≤ 6.0 GHz, BW ≤ 100 MHz

PUSCH, PUCCH, PRACH: ±2.5 %, for PUL > -25 dBm

PUSCH, PUCCH, PRACH: ±3.0 %, for -40 dBm ≤ PUL ≤ -25 dBm
FFS whether MU for BW ≤ 200MHz is needed.

256 QAM MU is FFS


In RAN5 #79 meeting, operators also proposed 0% EVM test tolerance (TT) (R5-183911 [2]).  This brought even more challenge to accurately report a reliable measurement of UE EVM especially for 256QAM modulations.  Table 2 summarizes EVM requirement, MU and TT for different modulations.
Table 1-2 – Comparison of EVM requirement, MU and TT for different modulations
	Modulation
	Limit (%)
	MU (%)
	 Proposed TT (%)

	QPSK
	17.5
	2.5
	0

	16QAM
	12.5
	2.5
	0

	64QAM
	8.0
	2.5
	0

	256QAM
	3.5
	FFS
	<TBD>


2.
Proposal of NR FR1 Maximum Test Tolerance for EVM measurement
The graphs below describe a possible TT proposal for MU=2.5%.  In Figure 2-1, two curves representing EVM measurements for a perfect measurement system with 0% MU (green curve), and a system with 2.5% EVM MU (blue curve).  The grey curve (secondary axis) represents the measurement error as function of actual UE EVM. These graphs are based on the overall error introduced into the measurement is entirely due to test system measurement uncertainty. The measured EVM is computed as the root sum square of actual UE EVM and MU values.  It clearly shows that overall measurement error is becoming significant for lower UE EVM values.
   Figure 2-1 Comparison of EVM measurement with MU = 0 and 2.5% 
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Figure 2-2 EVM measurement with Test Tolerance  
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The goal here is how to avoid a false failure of EVM measurement when the actual UE EVM is lower region.  Consider a case where UE has a 3.5% EVM.  As depicted in Figure 2-2, test system could report a measurement of 4.3% which would be a failure if there is no test tolerance is allowed.  In order to avoid this false failure, a TT of 0.8 is proposed.  A good UE would still pass EVM test with MU = 2.5 % if 0.8 test tolerance is allowed. 
Proposal 1) Propose TT for 256 QAM modulation scheme to be 0.8%
Proposal 2) Propose further investigating the possibility to reduce the MU to be less than 2.5%. 
Notice that NTT DoCoMo has proposed (R4-1809469 [3]) 1% MU and 1% TT for base station TX EVM measurement. It still possible to further reduced the overall system MU to be less than 2.5% which should further improve the accuracy of EVM measurement. 
3.
Conclusion

Tighter EVM requirement with high test system measurement uncertainty poses challenge to accurately measure UE EVM without report a false failure.  Based on above analysis, we propose a minimum of TT of 0.8 to be considered for 256 QAM modulation scheme.  
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