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1 Introduction
On FR2-1 UL 256QAM, EVM evaluation by link level simulation was agreed in last RAN4 meeting as shown below [1]: 

	Agreement:
EVM evaluation by link level simulation
· EVM requirement for 29GHz
· 3.5% EVM for 29GHz, FFS for operating SNR.
· The target power class is PC1, PC2, and PC5.

· EVM requirement for 39GHz
· 3.5% EVM for 39GHz and using average value FFS for operating SNR with limited MCS.
· The limited MCS is the subset of MCS with 256QAM
· FFS on the list of MCS
· Decide the operating SNR based on list of MCS
· The target power class is PC1, PC2, and PC5.



In this contribution, we will have some discussions about EVM requirements and propose the EVM budget for FR2-1 UL 256QAM MPR simulation based on the way-forward [1].

2	Discussion
Literally the EVM requirement should be specified by considering the network performance. For UE, RAN4 needs to run system simulations to determine the proper EVM value. At the transmitter side, many factors may contribute to the EVM performance, such as baseband clipping and quantization, transmitter non-linearity, IQ imbalance, phase noise, and PA non-linearity, etc. If we look at FR1, the average EVM budget is shown in Table 1 included as part of the MPR simulation and analysis for FR1[2]. 


	EVM Contributor
	EVM(%)
	SNR(dB)

	Transmitter 
	1.10
	39.17

	Phase Noise
	1.78
	34.99

	IQ Imbalance
	2.06
	33.72

	PA Non-linearity
	1.85
	34.66

	Total
	3.47
	29.19


Table 1:EVM budget for FR1 UL 256QAM



However, the impact of each individual RF impairments can be different between FR1 and FR2. For example, the phase noise impairments are frequency dependent and phase noise could increase by 6 dB every time when the operating frequency doubles. Therefore, the phase noise impact on the FR2 is much higher compared with FR1 even when the common phase error (CPE) impacts can be compensated. 

[bookmark: OLE_LINK14][bookmark: _Hlk118733390]Observation 1: The phase noise impact on the FR2 is much higher compared with FR1. Low phase noise implementation is challenging for FR2. The EVM budget differing from Table 1 should be used for FR2-1 application.


In the last meeting, several companies have provided simulated results to determine the proper Tx EVM value for FR2-1 256QAM and the Tx EVM is agreed with 3.5% for 29GHz and 39GHz. Considering UE Tx EVM is 3.5%, we propose the EVM budget summarized in Table 2 for FR2-1 UL 256QAM MPR simulations.

	EVM Contributor
	EVM(%)
	SNR(dB)

	Transmitter 
	1.32
	37.59

	Phase Noise
	2.10
	33.56

	IQ Imbalance
	1.45
	36.77

	PA Non-linearity
	2.00
	33.98

	Total
	3.50
	29.12



Table 2:EVM budget for FR2-1 UL 256QAM

[bookmark: OLE_LINK15]Proposal 1: RAN4 to take the EVM budget shown in Table 2 for UL 256QAM MPR simulation for FR2-1.
3	Conclusion
In the contribution, we have the following observation and proposal on the EVM budget for FR2-1 UL 256QAM MPR simulations: 


Observation 1: The phase noise impact on the FR2 is much higher compared with FR1. Low phase noise implementation is challenging for FR2. The EVM budget differing from Table 1 should be used for FR2-1 application. 


Proposal 1: RAN4 to take the EVM budget shown in Table 2 for UL 256QAM MPR simulation for FR2-1.
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