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Introduction
Tx EVM for UL MIMO has been further discussed in last RAN4 meeting [1-4], however, the WF on MIMO EVM was not agreed in the end. This contribution provides some further analysis and proposal on the requirement. 
Discussion
It was analyzed in [3] that two sources of cross talk could possibly deteriorate the EVM performance in the measurement, one is from limited antenna isolation and the other one is the PCB isolation. And it also stated that conducted domain crosstalk and Tx antenna crosstalk can be eliminated by gNB implementation in real network. However, during the discussion, companies commented that the non-linear crosstalk, i.e. non-coherent noise cannot be eliminated. For the current, the measurement is conductive test, and the antenna crosstalk does not exist for the test. While for the so called conducted domain crosstalk, the non-linear noise cannot be distinguished from the crosstalk, and in our view, the PCB isolation is an implementation issue, which should be guaranteed ty the UE design. 
Observation 1: Not all crosstalk noise can be eliminated by gNB
Observation 2: Antenna crosstalk does not exist for the conductive measurement
Observation 3: PCB isolation should be guaranteed by UE design and the non-linear coupling noise cannot be eliminated
Though the WF on MIMO EVM was not agreed, we think some points in the WF are deserved to be considered. It was proposed to do some further evaluation on measuring the per-layer EVM for UL MIMO transmission and listed two kinds of MIMO receiver, i.e. linear MMSE and Zero-Forcing MIMO receivers.
We had some evaluation based on the discussion so far, the simulation assumptions are listed as below:
· Channel model: AWGN
· MIMO receiver vs non-MIMO receiver
· MMSE receiver
· Zero-Force receiver
· Variable range of leakage correlation
· [-35, -30, -20, -15, -12, -10] dB
Figure 1 below shows the performance evaluation of crosstalk isolation. 
[image: ]
Figure 1 Performance evaluation of crosstalk isolation

Though the results provided a wide range of crosstalk isolation, it is impossible to have very bad isolation during the conductive test since there is no antenna isolation issue, which only exists in the real application scenario. So we only need to consider the isolation range around 30~40dB. From the curves, we see MMSE receiver has better performance than that of Zero-Forcing MIMO receiver. In comparison, we also provided the result of non-MIMO receiver, which means the leaked single of the other layer will only be treated as noise. It is noted that if the conductive crosstalk isolation is good enough, there is no obvious performance degradation.  
Observation 4: MMSE has a better performance than ZF MIMO receiver, and no obvious performance degradation for non-MIMO receiver if the conductive crosstalk isolation is good enough. 
During the discussion, it was mentioned that MIMO receiver should be considered by TE to mimic the real scenario as much as possible, because the general assumption is that gNB would implement the MIMO receiver. But we also noticed that some comments said that MIMO receiver is difficult to be implemented by TE vendor. Though we don’t think that the existing EVM requirement based on 2 layer code-book configuration needs to be revised, we would like to know better of the issue from measurement implementation perspective. 
Proposal: It is proposed that TE vendors to further evaluate the feasibility of UL MIMO EVM measurement with MIMO receiver.
Conclusion
Further consideration on UL MIMO EVM requirement as well as measurement issues are provided in this contribution. And we have the following observations and proposal.
Observation 1: Not all crosstalk noise can be eliminated by gNB
Observation 2: Antenna crosstalk does not exist for the conductive measurement
Observation 3: PCB isolation should be guaranteed by UE design and the non-linear coupling noise cannot be eliminated
Observation 4: MMSE has a better performance than ZF MIMO receiver, and no obvious performance degradation for non-MIMO receiver if the conductive crosstalk isolation is good enough. 
Proposal: It is proposed that TE vendors to further evaluate the feasibility of UL MIMO EVM measurement with MIMO receiver.
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