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1  Introduction
RI test metrics have been discussed in the last few meetings. Different test metrics were proposed in order to avoid potential penalty to advanced receivers. Five metrics were proposed as shown in the following [1]:
1. TRA / TR1 ≥ 1
2. TRA / TR2 ≥ 2
3. TRA / min( TR1,TR2 ) ≥ 
4. TRA / min( TR1,TR2 )  ≥ 1 + β|TR2-TR1|/min(TR2,TR1)

5. # reported R2/# reported R1 ≥ 
The potential penalty to advanced receivers with improved rank 2 performance can happen in RI Test 1, where low antenna correlation and low SNR are applied, and RI Test 3, where high antenna correlation and high SNR are applied. In this contribution, we evaluate the proposed test metrics under these two scenarios [2] using both the baseline receiver and the MLD MIMO receiver as used in [3].
2  RI test metric evaluation with low antenna correlation
Figure 1 shows TRA, TR1, TR2 in difference SNR values with MMSE or MLD receivers. Figure 2 shows the throughput ratios using metric 1 and 2 with MMSE or MLD receivers. To evaluate metric 4, the inequality is rewritten in the following form for easy evaluation and Figure 3 shows the left hand side of the inequality, i.e., M.
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From these figures, we have the following observations for each test metric:
1. Metric 1: Penalty on the MLD receiver does not exist. Using the MLD receiver always gives a larger throughput ratio, making the test easier to pass for receivers with improved rank 2 performance. However this metric cannot show the throughput gain by using rank adaptation, because the throughput ratio requirement may need to be set to less than one in order to allow some implementation margin.
2. Metric 2: It suffers certain throughput ratio loss using the MLD receiver over the entire SNR range. However at the interested SNR test point, i.e., 0 dB SNR, the loss is negligible and significant throughput gain can be seen using rank adaptation. This is because the MLD rank 2 receiver has similar performance as MMSE rank 2 receiver at this low SNR. Therefore a properly chosen SNR value can minimize the throughput ratio loss with advanced receivers.
3. Metric 3: From Figure 1, it can be seen that the cross-over SNR of TR1 and TR2 is at 16 dB for MMSE receiver and 14 dB for MLD receiver. Therefore at low SNR range, TR1 is always larger than TR2. Thus Metric 3 is equivalent to Metric 2.

4. Metric 4: Figure 3 shows that penalty of the MLD receiver only happens at high SNR values, which are not a concern for this test case. It is noticed that M has quite large variation over different SNR values. If the pattern of variation is receiver dependent, it is going to be difficult to find a receiver agnostic β for this test.
5. Metric 5: At low SNR like 0 dB, UE almost always chooses rank 1 as demonstrated by nearly identical TRA and TR1. This makes it difficult to choose a value of α other than 0. However setting α=0 means any RI selection algorithm can pass the test, defeating the purpose of the RI test.
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Figure 1: TRA, TR1, TR2 with different receivers
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Figure 2: TRA / TR2 and TRA / TR1 using MMSE and MLD receivers
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Figure 3: M using MMSE and MLD receivers
3 RI test metric evaluation with high antenna correlation
With high antenna correlation, a different set of simulation results are shown in Figure 4 – 6. With high antenna correlation, the throughput difference between TR1 and TR2 widens and TR1 is consistently higher than TR2 from 0 to 24 dB SNR for both receivers. Therefore UE almost always selects rank 1 in rank adaptation. Evaluation of different test metrics for this scenario is in the following.
1. Metric 1: Similar to the low correlation case, penalty on the MLD receiver does not exist. Because UE almost always choose rank 1, the throughput ratio of TRA / TR1 1.
2. Metric 2: Throughput ratio penalty for the MLD receiver vs. the MMSE receiver is observed at SNR larger than 10 dB. The throughput ratio decreases as SNR increases because the channel gradually becomes more in favor of rank 2 transmission. If a SNR test point is properly chosen, say between 15 and 20 dB, rank adaptation provides significant gain over fixed rank 2 transmission. The minimum requirement of Rel 8/9 RI Test 3 (2=1.1) can still be comfortably met by both MMSE and MLD receivers.
3. Metric 3: From Figure 4, TR1 is consistently higher than TR2. Thus Metric 3 is equivalent to Metric 2.
4. Metric 4: Figure 6 shows that M is close to 1 for both receivers. This is because both the numerator of M is approximately equal to the denominator if UE almost always selects rank 1 and TR1 > TR2. Choosing a β should not be difficult in this case.
5. Metric 5: Similar to the low correlation case, α can only be set to 0 because rank 2 is rarely chosen by UE. Setting α=0 defeats the purpose of the RI test because any implementation can pass the test.
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Figure 4: TRA, TR1, TR2 with different receivers
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Figure 5: TRA / TR2 and TRA / TR1 using MMSE and MLD receivers
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Figure 6: M using MMSE and MLD receivers
4 Conclusion

Different RI metrics are evaluated in both high and low antenna correlation cases to see the impact of using an advanced receiver (MLD in this case). We find each proposed metric has its own issues in terms of requirement setting. On the other hand, we also find the Rel 8/9 metric can still be safely applied to UE with advanced receivers in spite of some degree of penalty in the throughput ratio. Therefore we have the following proposal:
Proposal 1: The testing methodology of Rel 8/9 RI Test 1 and 3 can be reused for eDL-MIMO RI tests, i.e., UE is tested against TRA / TR2 ≥γ2 at low SNR with low antenna correlation and at high SNR with high antenna correlation.
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