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1. Introduction
The BS Tx EVM requirement for 4 layer MIMO operation has been discussed for several meeting cycles. In last meeting, a way forward on Tx EVM evaluation for 4 layer MIMO operation with 4Rx was approved for further simulation and study [1]. 
In this contribution, we evaluate the impact of BS Tx EVM and UE demodulation requirements for 4 layer MIMO operation and provide our views.
2. UE demodulation requirements
In the current UE demodulation requirements, BS Tx EVM = 3% and 6% are assumed for 256QAM and 64QAM respectively, not the minimum requirements specified in TS36.104 (8% for 64QAM, 3.5% for 256QAM). The main reason of having different EVM assumption for UE demodulation tests is to reflect a practical scenario, rather than assuming the worst case.
Simulation results of 4Rx under different Tx EVM conditions are provided in Annex. It is observed that BS Tx EVM will impact the UE demodulation performance. With existing EVM requirements, peak throughput cannot be achieved for rank 4 transmission with 256QAM. Hence, some companies considered that UE demodulation requirements for 256QAM+4 layer MIMO should not be introduced if BS Tx EVM requirements are not tightened. 

However, even with existing BS Tx EVM, 256QAM+4 layer MIMO can bring enough gain compared to lower rank or lower modulation order. It is important to ensure the UE demodulation performance of 256QAM+4 layer MIMO in existing network. So from our understanding, there is no clear relationship between tightening BS Tx EVM and UE demodulation requirements for 256QAM with 4 layer MIMO.
Proposal 1: Regardless of whether or not tighten BS Tx EVM requirements, UE demodulation requirements of 256QAM+4 layer is necessary to guarantee the UE performance in real network.
3. BS Tx EVM requirements

According to the simulation results in Annex, it is observed that BS Tx EVM will impact the UE demodulation performance. With existing EVM requirements, the peak throughput cannot be achieved for rank 4 transmission with 256QAM. 
Observation 1: With existing BS Tx EVM requirements, the peak throughput cannot be achieved for rank 4 transmission with 256QAM.
Although the BS Tx EVM values are specified as 3.5% for 256QAM and 8% for 64QAM. The actual Tx EVM performance is much better. Table 1 shows the test results of average BS Tx EVM for 64QAM and 256QAM from different vendors. The test was conducted based on E-TM3.1 and 3.1a specified in TS 36.141. It can be observed that the practical BS Tx EVM is lower than 4% for 64QAM and 3% for 256QAM.
Table 1: BS Tx EVM test results
	Average EVM value (%)
	Vendor A
	Vendor B
	Vendor C
	Vendor D
	Vendor E
	Vendor F

	64QAM
	3.86
	3.25
	3.36
	1
	1.34
	1.83

	256QAM
	2.48
	2.55
	2.94
	1.23
	1.27
	1.92


Observation 2: Practical BS Tx EVM performance is much better than the specified minimum requirements.
Proposal 2: It is proposed to consider tightened BS Tx EVM requirements of 4 layer MIMO transmission.
4. Conclusion
In this contribution, we evaluate the impact of BS Tx EVM and UE demodulation requirements for 4 layer MIMO operation and provide our views. The observations and proposals are provided as follows:
Observation 1: With existing BS Tx EVM requirements, the peak throughput cannot be achieved for rank 4 transmission with 256QAM.
Observation 2: Practical BS Tx EVM performance is much better than the specified minimum requirements.
Proposal 1: Regardless of whether or not tighten BS Tx EVM requirements, UE demodulation requirements of 256QAM+4 layer is necessary to guarantee the UE performance in real network.

Proposal 2: It is proposed to consider tightened BS Tx EVM requirements of 4 layer MIMO transmission.
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Figure 1: 64QAM rank2 performance
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Figure 2: 256QAM rank2 performance
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Figure 3: 64QAM rank4 performance
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Figure 4: 256QAM rank4 performance

