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1
Introduction 
In this paper, we provide our views and the simulation results of 4RX RI test.
2
Extending the existing RI test for layers 1 and 2
Test case 9.5.1.1 verifies UE’s RI reporting behaviour for up to 2 layers. It is generally expected that UE will tend to report RI=1 in low SNR, low correlation channel, report RI=2 in high SNR, low correlation channel and RI=1 in high SNR, high correlation channel. Here, we consider the possibility of extending this existing RI test. Thus we conduct the simulation based on test case 9.5.1.1 by directly changing the number of RX antennas from 2 to 4. The MIMO correlation in the 4RX system still follows the definition specified in Section B.2.3 In TS36.101. The simulation results are shown in Figure 1(a) for low correlation channel and Figure 1(b) for high correlation channel. 
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(a)                                  (b) 

Figure 1. Throughput curves of test case 9.5.1.1 with 4RX antennas. 
Re-using the legacy test metric 1 and 2, the results of the 3 sub-tests in 9.5.1.1 are summarized in Table 1. 
Table 1 Simulation results for 1 and 2 in test 9.5.1.1
	
	Test 1
	Test 2
	Test 3

	1
	N/A
	1.77 
	1.01

	2
	1.1 
	N/A
	N/A 

	Minimum requirement 
	1
	1.05
	0.9


According to Table 1, we see that the remaining margins in Test 1 and 3 are quite small, while the margin is large for Test 2. Some further study may be required to relax/tighten the requirements.

Observation 1: The requirements may not be suitable, when directly extending test 9.5.1.1 to 4RX.

3
New RI test for layer 3 and 4 

It is important to first note that UE will have distinct capability signaling to indicate the supporting of rank 4 PDSCH transmissions in CRS-based TM and DMRS-based TM. Thus, it should be 2 distinct tests for these two cases.

Proposal 1. Specify 2 distinct rank-3/4 RI tests for CRS-based and DMRS-based transmission modes.
To study the rank-3/4 RI test, we try to extend the test in 9.5.1.1 to 4TX and 4RX. For the low correlation case, we conduct the simulation without any codebook subset restriction. The goal of this low-correlation test is to check if the UE will report RI=3 or 4 at a specific SNR point. Thus, we need to first identify the condition that restricting RI=3/4 will achieve sufficient gain over RI=2. The throughput results are provided in Figure 2 for follow RI and fix RI=1 to 4. 
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Figure 2. Throughput curves of 4x4 RI test. (low correlation, extended from 9.5.1.1)
Based on the simulation results, we have the following observations.

1)
Rank-3 and -4 transmissions do not achieve much gain over rank-2 when SNR is less than 20 dB. So it is better to choose the SNR point around 25 dB.

2) The difference between fix RI=3 and fix RI=4 throughputs is not large enough. RI=4 does not always better than RI=3. In our opinion, this implies that it is not necessary to introduce distinct sub-tests for rank-3 and rank-4 individually.

One possible test setup for rank-3/4 RI test is to compare the following two throughputs.


Tput-1: Allow only RI=2


Tput-2: Allow all ranks.

And then test metric is the ratio 3=Tput-2/Tput-1 at SNR = 25 dB with low correlation.

Proposal 2. For the rank-3/4 RI test in low correlation channel, use the following ratio as the test metric: 3=Tput-2/Tput-1 at SNR = [25] dB, where Tput-1 is the throughput allowing only RI=2 and Tput-2 is the throughput allowing all ranks.

Another possibility is to investigate the sub-test in high correlation channels. In this case, we adopt the codebook subset restriction that only allows PMI-0 in all ranks. The simulation results are shown in Figure 3. It shows that at high SNRs (>20dB), reporting RI=1 still achieve the highest throughput performance over other ranks. This observation is very similar to that in the previous section of this paper. In generally, it is less likely to report RI=3 and 4 than RI=2 in high correlation channels. Therefore, we only need the high correlation RI test up to RI=2. In other words, if a UE can already show sufficient gain of follow RI over RI=2 in high correlation channel, then it is guaranteed that it can also show sufficient gain of follow RI over RI=3 and RI=4. Thus, we do not think it is necessary to have a high-correlation subtest for rank 3 and 4.
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Figure 3. Throughput curves of 4x4 RI test. (high correlation, extended from 9.5.1.1)

Proposal 3: it is not necessary to have a high-correlation subtest for rank 3 and 4.  
3
Summary 
In this contribution, we study some issues about the 4RX RI tests and have the following observations and proposals.

Observation 1: The requirements may not be suitable, when directly extending test 9.5.1.1 to 4RX.

Proposal 1. Specify 2 distinct rank-3/4 RI tests for CRS-based and DMRS-based transmission modes.
Proposal 2. For the rank-3/4 RI test in low correlation channel, use the following ratio as the test metric: 3=Tput-2/Tput-1 at SNR = [25] dB, where Tput-1 is the throughput allowing only RI=2 and Tput-2 is the throughput allowing all ranks.

Proposal 3: it is not necessary to have a high-correlation subtest in this rank-3/4 RI tests 
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