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1
Introduction 
In this paper, we provide our views and the simulation results of 4RX CQI definition test and 4RX PMI test.
2
CQI definition test
One question is that whether we should extend the legacy 2RX test to 4RX. It is still based on the test applicability rule. We suggest that only to extend the legacy 2RX test to 4RX, if the 4RX UE needs to be to verified by legacy 2RX test

Proposal 1: Only to extend the legacy 2RX test to 4RX, if the 4RX UE needs to be to verified by legacy 2RX test.
In the following, we conducted 4RX simulations according Sections 9.2.1.1 (rank-1) and 9.2.2.1 (rank-2) in TS36.101 to see if any changes are needed. The static channels we used those from [1]: 
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The precoder is PMI#2 in the Rel-8 2TX codebook such that the 2 layers will be received without inter-layer interference. 
Existing CQI definition tests are defined with 2RX and only consider rank 1 and rank2. The performance metrics are simply expressed as follow:

1. Accuracy: the probability of reported CQI value within [medium CQI-1, medium CQI +1] should be higher than 90%

2. BLER: using medium CQI - 1 to schedule PDSCH should lead to BLER < 0.1, and using medium CQI + 1 to schedule PDSCH should lead to BLER > 0.1.

The simulation results are captured in Table 1 and Table 2 for rank-1 and rank-2, respectively. For rank-1 test in section 9.2.1.1, the SNR test points are [0, 1] dB and [6, 7] dB. According to Table 1, the SNR test points can be reused. For rank-2 test in section 9.2.2.1, the SNR points are [10, 11] dB and [16, 17] dB. As shown in table 2, the high SNR point [16, 17] dB is not feasible. The reason is that the code rate mismatch of CQI#15 is too large. The CQI#15 has the target code rate 0.9258, but is mapped to MCS#27 (according to MCS.2 in Table A.4-13 of TS36.101), resulting a code rate 0.8807. This code rate mismatch (0.45) is large such that when scheduling CQI#15 at SNR = [16, 17] dB, the BLERs are too low. 
Observation 1: 4RX rank-1 CQI definition test can directly extended from the existing test in section 9.2.1.1.

Observation 2: To reuse the existing test in section 9.2.2.1 for 4RX rank-2 CQI definition test, the SNR points need to be changed. 
Table 1. Rank-1 4RX simulation results based on 9.2.1.1 
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Table 2. Rank-2 4RX simulation results based on 9.2.2.1 
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For rank-3 and rank-4, we conducted the simulation based on section 9.2.3.1, which specifies the CQI definition under DMRS-based transmission mode. In the simulation, we use the 4x4 static channel from [1] and the precoder PMI#12 in the Rel-8 4TX codebook such that the all transmitted layers will be received without inter-layer interference. The simulation results are shown in Table 3 and Table 4 for rank-3 and rank-4, respectively. As shown in the tables, it is feasible to extend the test configurations in 9.2.3.1 to rank-3 and rank-4 CQI definition test. 
Observation 3: It is feasible to extend the test configurations in 9.2.3.1 to 4RX rank-3 and rank-4 CQI definition test.
Table 3 Rank-3 4RX simulation results based on 9.2.3.1 
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Table 4 Rank-4 4RX simulation results based on 9.2.3.1 
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3
PMI test 
The existing PMI tests aim to check the UE’s PMI selection gain, which is defined by the throughput ratio between {following UE’s PMI suggestion} and {using random PMI}. In the following, we conduct simulations according to Section 9.4.1.3.1 for ranks 1, 2, 3 and 4 with the corresponding throughput results provided in Figures 1, 2, 3 and 4, respectively. 
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Figure 1. Throughput performance of rank-1 PMI test: (a) 2RX and (b) 4RX
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Figure 2 Throughput performance of rank-2 PMI test: (a) 2RX and (b) 4RX
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Figure 3. Throughput performance of 4RX rank-3 PMI test 
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Figure 4. Throughput performance of 4RX rank-4 PMI test
In Table 5, we summarize the 60%-throughput precoding gain (defined in Section 9.4 in TS36.101) for different cases. From Table 5, we have the following observations

1. The precoding gain of 4RX is smaller than those in 2RX 
2. The precoding gain decreases as the rank increases. 
3. For 4RX UEs, only Rank-1 can pass this requirement with sufficient margin. (The minimum requirement in Table 9.4.1.3.1-2 in TS36.101 is 1.2) 
Table 5 Summary of precoding gain at 60% throughput

	
	Rank-1
	Rank-2
	Rank-3
	Rank-4

	2RX
	1.79
	1.36
	-
	-

	4RX
	1.48
	1.29
	1.16
	1.03


From the results, we think that there is no need to introduce 4RX PMI test because 

a. For rank 1 and 2, the precoding gain reduces form 2RX to 4RX. It is better to check the PMI performance test in legacy 2RX tests.

b. For rank 3 and 4, the precoding gain is small. We suggest leaving these to be verified in the demodulation test.

c. Using 4RX will not change significantly the core algorithm in PMI selection. In other words, only the performance is different but what UE has to do is exactly the same. So, 

Proposal 2: Do not introduce 4RX PMI test. 
3
Summary 
In this contribution, we study some issues about the 4RX CQI and PMI tests and have the following observations and proposals.

Observation 1: 4RX rank-1 CQI definition test can directly extended from the existing test in section 9.2.1.1.
Observation 2: To reuse the existing test in section 9.2.2.1 for 4RX rank-2 CQI definition test, the SNR points need to be changed. 
Observation 3: It is feasible to extend the test configurations in 9.2.3.1 to 4RX rank-3 and rank-4 CQI definition test.

Proposal 1: Only to extend the legacy 2RX test to 4RX, if the 4RX UE needs to be to verified by legacy 2RX test

Proposal 2: Do not introduce 4RX PMI test. 
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