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1	Introduction
At the RAN4#70bis meeting, the following agreements with regard to CSI requirements for SU-MIMO advanced receivers were captured in [1]. 
· No new PMI requirements for SU-MIMO are needed
· Companies are encouraged to provide studies on the need of new CQI/RI requirements in the next meeting.
· Study the reference receiver with current CSI tests
In this contribution, we present the study results on the RI requirement to verify the SU-MIMO advanced receivers. 
2 Legacy RI Reporting Test
Firstly, the legacy test setup for RI reporting test, i.e., 9.5.1.1 in [2], has been utilized to evaluate the newly introduced SU-MIMO receiver, i.e., R-ML receiver with ML optimized CSI reporting. Accordingly, we provided the throughput performance over the whole SNR range in low/high spatial correlation environments in Figure 1 and 2, in which following three schemes are evaluated:
· “Follow UE Reported RI”, CodeBookSubsetRestriction bitmap = 010011 
· “Fixed RI = 1”, CodeBookSubsetRestriction bitmap = 000011 
· “Fixed RI = 2”, CodeBookSubsetRestriction bitmap = 010000 
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Figure 1: Throughput performance comparison for RI test with low correlation, R-ML Receiver
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Figure 2: Throughput performance comparison for RI test with high correlation, R-ML Receiver
Firstly, by comparing the Gamma values in three tests with the legacy requirement, the R-ML receiver can pass the three legacy RI reporting tests. 
On the other hand, all these three legacy test cases are designed to verify UE RI estimation behavior for SU-MIMO receivers in the particular channel conditions. Even with the advanced SU-MIMO receivers, these three fundamental requirements should still be passed to ensure proper UE implementation.
Observation 1: The newly introduced advanced SU-MIMO receivers can still pass legacy RI reporting test cases in 36.101.
3 Study on Necessity of Additional RI Requirement
In RAN4 #71 meeting, some company has proposed to introduce additional RI test on medium SNR range in order to ensure the demodulation performance gain of RI=2 can be correctly transfer into system performance gain [3]. By comparing the throughput performance of MMSE and R-ML receivers in low antenna correlation environment in Figure 3, it can be observed that the Rank-1/Rank-2 switching point is moved from around 14dB for MMSE receiver to around 12dB for R-ML receiver. This is quite similar to the result in [3]. It also should be recognized noted that the lower Rank-1/Rank-2 switching points is located far from 0dB or 20dB, thus having little relationship with the legacy test cases.
Observation 2: For R-ML receiver, the SNR point to switch to Rank-2 is approximately 12dB for low antenna correlation, which is around 2dB lower than the switching points for MMSE receiver. 
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Figure 3: Throughput performance comparison for low correlation, MMSE and R-ML Receiver



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]From the low antenna correlation results provided in Figure 3, it can be seen that: to verify the performance gain of advanced SU-MIMO receiver at the middle SNR range, the best test point will be the Rank-1/Rank-2 switching point, e.g., around SNR = 12dB for R-ML Receiver. At these Rank-1/Rank-2 switching points, the largest performance gain by appropriate choosing RI can be achieved. Several performance metric may be considered as performance requirements at this particular SNR point, e.g , or the reporting RI=2 portion.
However, the large SNR difference for different receivers’ switching points may make not easy to choose a single test point to verify this performance improvement, because slightly different SU-MIMO receiver performance may lead to a major difference for the appropriate test point. Although the performance of CWIC (known as the best SU-MIMO detector right now) is not provided here, we can expect the Rank-1/Rank-2 switching points’ difference would be even larger, thus making choosing a single test point even harder. It also should be noted that the slightly performance difference by different HW/SW implementations may also leads to impossibility to choose a proper test point. 
At the same time, the performance gain provided by advanced SU-MIMO is limited even in Rank-1/Rank-2 switching point. It may not be large enough to define a meaningful performance requirement by taking the implementation margin into account.
Observation 3: For additional RI test on medium SNR range, the best test point to verify appropriate RI reporting is difficult to choose, if we expect the test point is robust and reusable for different kinds of advanced SU-MIMO and accommodates the slightly performance difference by different HW/SW implementations. 
Since medium antenna correlation is agreed to be the prioritized typical scenario, we also simulate the results in that condition, as shown in Figure 4. Different from low correlation scenario, the performance achieved by fixed Rank=1 is superior to fixed Rank=2 over the whole SNR range. This indicates it is impossible to verify the performance gain by following reported RI in medium antenna correlation scenario.
Observation 4: It is impossible to verify the performance gain by following reported RI in medium antenna correlation scenario. 
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Figure 4: Throughput performance comparison for medium correlation, R-ML Receiver
Conclusion
In this contribution, we presented the study results on the need of additional RI requirement to verify the SU-MIMO advanced receivers. Our observations are:
For legacy RI tests, 
Observation 1: The newly introduced advanced SU-MIMO receivers can still pass legacy RI reporting test cases in 36.101.
For additional RI tests,
Observation 2: For R-ML receiver, the SNR point to switch to Rank-2 is approximately 12dB for low antenna correlation, which is around 2dB lower than the switching points for MMSE receiver. 
Observation 3: For additional RI test on medium SNR range, the best test point to verify appropriate RI reporting is difficult to choose, if we expect the test point is robust and reusable for different kinds of advanced SU-MIMO and accommodates the slightly performance difference by different HW/SW implementations.
Observation 4: It is impossible to verify the performance gain by following reported RI in medium antenna correlation scenario. 
Based on the observations above and considering the existing RI test already serve the test purpose well (to excluding bad RI reporting behavior while not limiting UE implementation), our proposal is
Proposal: for advanced SU-MIMO receiver, the legacy RI requirement is re-used and no additional RI test is introduced in Rel-12
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