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1	Introduction
In The following agreement is captured in WF [1], which provides simulation assumptions to further evaluate the Tx EVM impact with MMSE-IRC and MMSE-MRC receivers for 4 layer MIMO:
	Rx EVM modeling:
· Option 1: Rx EVM is modeled as IQ mismatch at each receiver chain
· Other options are not precluded and Rx EVM handling is UE implementation specific
Tx EVM modeling:
· Option 1: Tx EVM is modeled as independent AWGN noise added at each Tx antenna 
· Other options are not precluded

Test configuration:
· SNR = [0 : 2 : 40]
· 4Tx (4 CRS ports), 4Rx AP 
· TM3 
· 10MHz
· EVA5 low, EPA5 low 
· RV = {0,1,2,3} 
· PDSCH transmission scheduled in SF 1,2,3,4,6,7,8,9. 
· Follow CQI
· Option 1: With OLLA
· Option 2: Without OLLA (outer loop link adaptation)
· Rank options
· Option 1: Fixed rank 2
· Option 2: Fixed rank 3
· Option 3: Fixed rank 4
· Option 4 Follow rank among {1, 2, 3, 4}
· CQI table (MCS for follow CQI)
· Option 1: Not-supporting 256QAM (Up to 64QAM)
· Option 2: Supporting 256QAM (Up to 256QAM)
· Practical front-end model 
· Rx EVM= 3%, 2%
· Other Rx EVM numbers are not precluded 
· Tx EVM numbers to be evaluated
· Tx EVM= 3%, 3.5%, 6%, 8%
· Other Tx EVM numbers are not precluded
· Receiver type
· Option 1: MMSE-IRC
· Option 2: MMSE-MRC



In this contribution, we would like provide our evaluation and analysis on the impact of TX EVM on 4-layer MIMO demodulation. 

2 Simulation Evaluation
Based on the agreed simulation assumption above and some options further down-selected provided below, we provide our simulation results in Figure 1 and Figure 2:
· Channel: EPA5 low
· Follow CQI: With OLLA
· Rank options: Follow RI Reporting
[image: ]  
Figure 1: Throughput Performance Comparison, Not-supporting 256QAM (Up to 64QAM)
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Figure 2: Throughput Performance Comparison, Supporting 256QAM (Up to 256QAM)

Based on the above simulation results, the following observations can be reached:
· Observation 1: The effect of Tx EVM on the performance degradation can be observed in very high SNR regime:
· For both MCS tables supporting up to 64QAM and 256QAM, 8% Tx EVM and 6% Tx EVM can have noticeable performance degradation for over 14dB SNR regime. 
· For both MCS tables supporting up to 64QAM and 256QAM, limited performance differences are observed between 3% Tx EVM and 3.5% Tx EVM. 
· Observation 2: For very high SNR regime, i.e., over 30dB, the performance differences between MMSE-MRC and MMSE-IRC receivers can be observed for higher Tx EVM values (i.e., 6% and 8% Tx EVM), but limited differences for lower Tx EVM values (i.e., 3% and 3.5% Tx EVM):
· For MCS table supporting up to 64QAM, the performance of MMSE-MRC receiver has some degradation from MMSE-IRC receiver for 6% and 8% Tx EVM. 
· For MCS tables supporting up to 256QAM, the performance degradation of MMSE-MRC receiver is much larger for 6% and 8% Tx EVM. 

3 Theoretical Analysis
Based on our simulation results provided above, we can conclude that similar impact of Tx EVM are observed as other companies’ results in last RAN4 meeting. However, another topic is why the performance degradation can be observed for MMSE-MRC receiver, especially considering independent noise is added in each Tx antenna, and low correlation matrix is utilized for channel modeling. 
If we don’t consider the channel estimation error introduced in practice implementation, we can have the following theoretical analysis for the resultant noise observed in Rx antennas, and the correlation between the noise values can be conducted. To make the analysis simple, we just use 2TX and 2RX case as an example:


in which we have the received signal can be expressed as 


where the rightmost parts in the brackets are the equivalent noise values  and  observed at Rx antennas. Then the correlation between the noises at Rx antennas, i.e., 


Considering the method to model Tx EVM, i.e., independent AWGN, and low correlation are utilized, we can have  if the expectation (averaging) operation is over enough channel realizations. Based on this condition, we can reach the fact that noise values  and  are not correlated statistically. However, considering the limited RE numbers to be used in the operation, the channel realizations could be not independent enough over the observation region, then we may have  and , which makes that noise values  and  are somehow correlated. 
Furthermore, the effect of channel estimation error cannot be ignored, since the degraded CRS signal will be present due to Tx EVM introduced. Obviously, the channel estimation error will be larger if Tx EVM level is high. Unfortunately, the equivalent noise introduced by practical channel estimation cannot be modeled as colorless noise, i.e., the detailed reason can be found in the following equations, thus making the performance advantage achieved by MMSE-IRC receiver over MRC. 






After the analysis of the root cause of this phenomenon, we can explain the following observations:
· The performance difference between MMSE-IRC and MMSE-MRC is larger for higher Tx EVM values. 
· The performance advantage of MMSE-IRC receiver is observed in very high SNR regime, where the original noise is not the major factor anymore. 
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]Therefore, the following observations can be reached:
· Observation 3: The performance differences between MMSE-MRC and MMSE-IRC receivers for higher Tx EVM values can be explained by the resultant colored noise. 

4 Conclusion
In this contribution, we provided our evaluation and analysis on the impact of TX EVM on 4-layer MIMO demodulation, with the following observations provided:
· Observation 1: The effect of Tx EVM on the performance degradation can be observed in very high SNR regime.
· Observation 2: For very high SNR regime, i.e., over 30dB, the performance differences between MMSE-MRC and MMSE-IRC receivers can be observed for higher Tx EVM values (i.e., 6% and 8% Tx EVM), but limited differences for lower Tx EVM values (i.e., 3% and 3.5% Tx EVM).
· Observation 3: The performance differences between MMSE-MRC and MMSE-IRC receivers for higher Tx EVM values can be explained by the resultant colored noise. 
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