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1	Introduction
In RAN #73 meeting the WI on the LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements was approved [1]. In RAN4 #80Bis, the WF is approved with the following way to proceed:
	· MIMO Rank 2 scenarios with 4 Rx antenna 
· Candidate scenarios for initial analysis
· Transmission mode
· TM4 with 2Tx and 4Tx
· TM9 with 2Tx and 4Tx
· Modulation order
· 16QAM, 64QAM, 256QAM
· Other scenarios are not precluded and companies are encouraged to bring further inputs
· FFS if inter cell interference scenarios are considered
· For 256QAM scenarios, RAN4 will decide feasibility with following considerations as mentioned in WID
· operating SNR, realistic Tx EVM assumption, performance gains, reference receiver complexity and testabilityWF for detailed applicability rule:
· MIMO Rank 3/4 scenarios with 4 Rx antenna 
· Candidate scenarios for initial analysis
· Transmission mode
· TM3 with rank 3
· TM4 with rank 4
· TM9 with rank 4
· Modulation order
· 16QAM, 64QAM, 256QAM
· Other scenarios are not precluded and companies are encouraged to bring further inputs
· FFS if inter cell interference scenarios are considered
· For 3/4 layers and 256QAM scenarios, RAN4 will decide feasibility with following considerations as mentioned in WID
· operating SNR, realistic Tx EVM assumption, performance gains, reference receiver complexity and testability
· Antenna configuration
· ULA Medium correlation (α=0.3, β=0.9)
· ULA Medium A correlation (α=0.3, β=0.3874)
· Optional for 3/4 layers scenarios:
· XPOL Medium A correlation (α=0.3, β=0.6, γ=0.2)
· Baseline receiver
· LMMSE-IRC
· 
· Reference receiver for enhanced SU-MIMO IM
· R-ML
· WID: R-ML is considered in high priority
· CWIC is not precluded for performance evaluation



In this contribution, we would like provide our evaluation and our views on the related issues. 

2 MIMO Rank 3/4 scenarios with 4 Rx antenna
For MIMO Rank 3/4 scenarios with 4 Rx antenna, three test cases for 3/4 layers have been defined in Rel-13 4RX WI, with MMSE-IRC as the baseline receiver, i.e.,
· TM3 with rank 3, 4x4 Low, EVA70
· TM4 with rank 4, 4x4 Low, EPA5
· TM9 with rank 4, 4x4 Low, EPA5
Specifically, we follow the test setup for FDD test cases, i.e., Test Case 8.10.1.1.7, 8.10.1.1.8 and 8.10.1.1.9. It should be noted that, as defined in original test cases, low correlation is utilized in the evaluation. 
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Figure 1: Throughput Performance Comparison, 3 Layer, TM3, 4x4 low, EVA70

Based on the above simulation results for TM3 with rank 3, 4x4 Low, EVA70, the following observations can be reached:
· Observation 1: For 3 Layer TM3 test with 4x4 Low correlation setup, the performance enhancement provided by R-ML receiver over MMSE-IRC receiver is limited. 
· Proposal 1: Consider to utilize 4x4 Medium A correlation setup to differentiate the performance of R-ML receiver from baseline MMSE-IRC receiver. 
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Figure 2: Throughput Performance Comparison, 4 Layer, TM4, 4x4 low, EPA5
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Figure 3: Throughput Performance Comparison, 4 Layer, TM9, 4x4 low, EPA5

Based on the above simulation results for those two tests, the following observations can be reached:
· Observation 2: For 4 Layer TM4 and TM9 tests with 4x4 Low correlation setup, the performance enhancements provided by R-ML receiver over MMSE-IRC receiver are around 1.2dB and 2.4dB respectively. 
· Proposal 2: Reuse the setup for original 4 Layer TM4 and TM9 tests with 4x4 Low correlation setup for eSU-MIMO IM. 

3 3/4 layers and 256QAM scenarios
In WID, the following objective to discuss SU-MIMO IM scenarios is included. Furthermore, the EVM issue under 3/4 layers and 256QAM is explicitly mentioned in the WF. From on our understanding, the reason to discuss the EVM issue is the expected SNR working point for R-ML receiver is lower than MMSE-IRC receiver, which gives more possibility of utilizing this scenario in practical condition. 
However, from complexity perspective, 256QAM could add 4 times complexity for R-ML receivers, and the complexity could be even more overwhelming especially considering the maximum 4layer should be supported compared with 3layer baseline for NAICS receiver. 
From the impact of EVM perspective, the following theoretical analysis has already provide enough evidence for the colored noise introduced by EVM, then the baseline receiver should apply interference whitening before R-ML operation. 

[bookmark: OLE_LINK60][bookmark: OLE_LINK61]Based on the above discussion, the following proposals can be reached:
· Proposal 3: The scenario of 3/4 layer and 256QAM should be excluded from the test scope for eSU-MIMO IM, considering the very high implementation complexity. 
· Proposal 4: To deal with the colored noise introduced by EVM, the baseline receiver should apply interference whitening before R-ML operation. 

4 Conclusion
In this contribution, we provide our evaluation and our views on the related issues for eSU-MIMO IM discussion:
· Observation 1: For 3 Layer TM3 test with 4x4 Low correlation setup, the performance enhancement provided by R-ML receiver over MMSE-IRC receiver is limited. 
· Proposal 1: Consider to utilize 4x4 Medium A correlation setup to differentiate the performance of R-ML receiver from baseline MMSE-IRC receiver. 
· Observation 2: For 4 Layer TM4 and TM9 tests with 4x4 Low correlation setup, the performance enhancements provided by R-ML receiver over MMSE-IRC receiver are around 1.2dB and 2.4dB respectively. 
· Proposal 2: Reuse the setup for original 4 Layer TM4 and TM9 tests with 4x4 Low correlation setup for eSU-MIMO IM. 
· Proposal 3: The scenario of 3/4 layer and 256QAM should be excluded from the test scope for eSU-MIMO IM, considering the very high implementation complexity. 
· Proposal 4: To deal with the colored noise introduced by EVM, the baseline receiver should apply interference whitening before R-ML operation. 
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6 Appendix: Colored Noise introduced by EVM
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. 
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