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1	Introduction
In RAN4#78, there were some discussion on RI test for 4RX UE [1] but no agreements were reached due to lack of enough online/offline discussion. In this contribution, we provide our view and analysis on test case design for RI test for 4RX capable UEs.  
2 RI Reporting Test
For legacy test setup for RI reporting test, the original test is design to make sure the reported rank indicator accurately represents the channel rank, while up to RI=2 is supported for legacy tests. As up to 4 layers can be supported by 4RX UEs and the SNR point (or range) for rank 1/2 switching will be lower than legacy 2RX UEs, we expect the new test case newly introduced can reflect both factors.
Firstly, the following test setup by modifying the one in 9.5.1.1 [2] into a 4RX version (4x4 channel is used) has been utilized to evaluate the performance for the scenario with fixed rank operation and the scheme following reported RI. 
2.1 RI Tests in Low Correlation Condition
For 4x4 low spatial correlation environment, we provide the throughput performance over the whole SNR range in low spatial correlation environments in the Figure 1:
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Figure 1: Throughput performance comparison for RI test with low correlation
Firstly, we consider the original two tests (Test 1 and Test 2 in 9.5.1.1) with the legacy requirement. In addition to the legacy requirement of  and , we consider the option of the requirement of , i.e., 
· The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 3 shall be . 
The following Figure 2 provides our simulation result for three kinds of throughput ratio:
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Figure 2: Throughput ratio comparison for RI test with low correlation

Specifically, the numerical results for test points at SNR=0dB and 20dB, and another new SNR point, i.e., SNR=-4dB, are provided in the following table:
Table 1: Throughput ratio at different SNR points for RI test with low correlation
	Tput Ratio
	SNR=0dB (Test-1)
	SNR=20dB (Test-2)
	SNR=-4dB

	Follow_RI/Fixed_Rank=1
	1.115
	2.189
	0.998

	Follow_RI/Fixed_Rank=2
	1.007
	1.276
	1.119

	Follow_RI/Fixed_Rank=3
	1.088
	0.985
	2.068



It can be observed from the above figure and table that 4RX UE’s SNR range for rank 2 operation is lower than 2RX UE, which is also the phenomena observed in Qualcomm’s contribution [1]. Because of this, the original Test 1 (i.e., the ratio of the throughput at SNR=0dB obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be no less than ) is hard to pass, because the ratio is 1.007 based on our simulation results. Obviously, we have the following two options to solve this problem:
· Option-1 (suggested in [1]): lower the SNR test point for Test 1 to make sure  can be satisfied. Based on our simulation, we found that -4dB is enough to make sure the test case can be passed (i.e., the ratio is 1.119).
· Option-2: still keep the SNR test point at 0dB, but use the requirement of  instead, i.e., the ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 3 shall be . Based on our simulation, we found that the ratio is observed as 1.088 at SNR=0dB. 
And the above two options are summarized in the following proposal:
Proposal 1: For RI Test 1, two methods can be utilized to modify the original test for 4RX UE:
· Option-1 (suggested in [1]): lower the SNR test point for Test 1 to make sure  can be satisfied. 
· Option-2: still keep the SNR test point at 0dB, but use the requirement of  instead, i.e., the ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 3 shall be . 
Obviously, Option-1 can be used to test RI reporting switching between rank=1 and rank=2, while Option-2 can be used to test RI reporting switching between rank=2 and rank=3, therefore both options are acceptable based on our analysis.   

For Test 2 at SNR = 20dB, the original requirement of  can be easily satisfied since Rank 3 is more likely to be reported, i.e., based on our simulation the ratio observed is 2.189. Considering the high rank switching behaviors should be tested, we can consider using the requirement of  instead. Based on our observation, the RI reporting is switching to rank 3 from around SNR = 12dB, which means the original SNR working point 20dB is still usable to test the switching behavior. Based on the above observation, we have the following proposal:
Proposal 2: For RI Test 2, the original test can be modified to use the requirement  for 4RX UE, while keeping the SNR test point as 20dB.

2.2 RI Tests in High Correlation Condition
For 4x4 high spatial correlation environment used in RI Test 3, we also provide the throughput performance over the whole SNR range in the Figure 3. The corresponding throughput ratios are illustrated in Figure 4. 
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Figure 3: Throughput performance comparison for RI test with high correlation
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Figure 4: Throughput ratio comparison for RI test with high correlation
Based on our simulation results, we can observed that the throughput ratio at test point SNR = 20dB, as provided in the following table, 
Table 2: Throughput ratio at different SNR points for RI test with high correlation
	Tput Ratio
	SNR=20dB (Test-3)

	Follow_RI/Fixed_Rank=1
	1.021

	Follow_RI/Fixed_Rank=2
	1.025



It can be observed from the above figure and table that fixed rank 1 and rank 2 transmission will achieve similar performance at SNR = 20dB, while fixed rank 3 transmission will have large performance degradation due to high spatial correlation environment. 
Observation 1: In high correlation environment, fixed rank 1 and rank 2 transmission for 4RX UE will achieve similar performance at SNR = 20dB, while fixed rank 3 transmission will have large performance degradation.
From RI test perspective, 4RX UE can still pass the original Test 3, i.e., the ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be . Therefore, we can still reuse the original test case to ensure UE’s RI reporting behaviour in high correlation environment. Based on our observation above, another obvious option is to use the requirement of , and  4RX UE can also pass this test case. Since limited difference observed for fixed rank 1 and rank 2 transmission, both options can be accepted.  
Proposal 3: For RI Test 3, two methods can be utilized to modify the original test for 4RX UE:
· Option-1: reuse the original requirement of . 
· Option-2: use the requirement of  instead. 
Both options can guarantee correct UE implementation of not choosing high layer operation (3 or 4 layers) in high correlation environment. 
3 Conclusion
In this contribution, we presented our view and analysis on test case design for RI test for 4RX capable UEs. Our observation and proposals can be summarized as:
Proposal 1: For RI Test 1, two methods can be utilized to modify the original test for 4RX UE:
· Option-1 (suggested in [1]): lower the SNR test point for Test 1 to make sure  can be satisfied. 
· Option-2: still keep the SNR test point at 0dB, but use the requirement of  instead, i.e., the ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 3 shall be . 
Proposal 2: For RI Test 2, the original test can be modified to use the requirement  for 4RX UE, while keeping the SNR test point as 20dB.
Observation 1: In high correlation environment, fixed rank 1 and rank 2 transmission for 4RX UE will achieve similar performance at SNR = 20dB, while fixed rank 3 transmission will have large performance degradation.
Proposal 3: For RI Test 3, two methods can be utilized to modify the original test for 4RX UE:
· Option-1: reuse the original requirement of . 
· Option-2: use the requirement of  instead. 
Both options can guarantee correct UE implementation of not choosing high layer operation (3 or 4 layers) in high correlation environment. 
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