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1
Introduction 
Based on the agreement [1] in RAN4#70b meeting, further studies are required to investigate the SU-MIMO advanced receivers on RI test. As a result, we conducted simulations for both MMSE-IRC and RML receivers with existing RI tests. In the contribution, the simulation results are provided.
2
Simulation Results
The goal of conducting the following simulations is to check the performance of SU-MIMO advanced receiver (Here we consider RML.) in RI test and the necessity of modifying (tighten or loosen) the requirements for the advanced receivers. 
We consider 3 different types of UEs. UE-0 applies RML demapper at both demodulation and CQI estimation, UE-1 applies RML demapper at demodulation and MMSE-IRC at CQI estimation, and UE-2 applies MMSE-IRC demapper at both demodulation and CQI estimation. We summarize the 3 types of UEs in the Table 1

Table 1. Three types of UEs

	
	Demodulation
	CQI estimation

	UE-0
	RML
	RML

	UE-1
	RML
	MMSE-IRC

	UE-2
	MMSE-IRC
	MMSE-IRC


We adopted the legacy test of 9.5.2.1 in 36.101 for above UEs. The test is configured under TM9, 2-TX antennas, 10MHz bandwidth and the propagation channel EPA 5Hz (for other configuration details, please refer to 36.101), and it consists of 3 subtests:
· Test 1: SNR=0dB , low spatial correlation,

· Test 2: SNR=20dB, low spatial correlation,

· Test 3: SNR=20dB, high spatial correlation.

The minimum requirements are:

a)
The throughput ratio of {follow UE reported RI} over {fixed RI=1}, should be ≥ ;

b)
The throughput ratio of {follow UE reported RI} over {fixed RI=2}, should be ≥ ;
with the values of  and  specified in Table 9.5.2.1-2 in 36.101 as:
Table 9.5.2.1-2 Minimum requirement (FDD)
	
	Test 1
	Test 2
	Test 3

	1
	N/A
	1.05
	0.9

	2
	1
	N/A
	N/A

	UE Category
	2-8
	2-8
	2-8


Here we also define the throughput ratio of {follow UE reported RI} over {fixed RI=1} as gamm1 and the throughput ratio of {follow UE reported RI} over {fixed RI=2} as gamma2. In other word, each sub-test will examine either gamma1≥  or gamma2 ≥  .
For Test 1, we plot the throughputs of {follow UE reported RI} and {fixed RI=2} for 3 types of UEs in Figure 1(a) and the throughput ratio gamma2 in Figure 1(b). At SNR=0dB, all UEs can pass the requirement ‘1’ of Test 1 in Table 9.5.2.1-2. Specifically, UE-0 achieves gamma2=3.5, while both UE-1 and UE-2 achieve gamma2=1.75. 

For Test 2, we plot the throughputs of {follow UE reported RI} for 3 types of UEs and {fixed RI=1} in Figure 2(a) and the throughput ratio gamma1 in Figure 2(b). At SNR=20dB, all UEs can pass the requirement ‘1.05’ of Test 2 in Table 9.5.2.1-2. Specifically, both UE-0 and UE-1 achieve gamma1=1.22, while UE-2 achieves gamma1=1.16. 

For Test 3, we plot the throughputs of {follow UE reported RI} for 3 types of UEs and {fixed RI=1} in Figure 3(a) and the throughput ratio gamma1 in Figure 3(b). At SNR=20dB, all 3 types of UEs achieve gamma1=1, which passes the requirement ‘0.9’ of Test 3 in Table 9.5.2.1-2. 
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(a)                                     (b)

Figure 1. Comparison among UE-0, UE-1 and UE-2 in Test 1: a) throughput performance and 2) gamma2.
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Figure 2. Comparison among UE-0, UE-1 and UE-2 in Test 2: a) throughput performance and 2) gamma1.
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Figure 3. Comparison among UE-0, UE-1 and UE-2 in Test 3: a) throughput performance and 2) gamma1.

From above results, we find that the advanced receivers (UE-0 and UE-1) can pass the legacy RI test of 9.5.2.1 in 36.101 with sufficient margin. Therefore, there is no need to loosen the requirements for RML receivers. 
Observation 1: There is no need to loosen the requirements of the existing RI test in 9.5.2.1 for RML receivers.

As for tightening, there is no need to tighten the requirement of Test 3 because all receivers perform almost the same. Test 1 is also not suitable for tightening because: 

1)
Low SNR region is not a typical region for 2-layer demappers to work. 
2)
Enlarging  implies that advanced SU-MIMO demappers have to perform worse than MMSE-IRC at low SNR. This is not necessary for all advanced SU-MIMO receivers, e.g., UE-1.
Observation 2: There is no need to tighten the requirements of Test 1 and Test 3 in 9.5.2.1 for RML receivers.

For Test 2, we think that the requirement could be somehow tightened. From our simulation results, both UE-0 and UE-1 can achieve a higher gamma1 than UE-2. This is more typical because advanced SU-MIMO receivers usually outperform MMSE-IRC with larger margin at high SNR. For example, we may change  to 1.1 (or 1.15) for advanced SU-MIMO receivers. The exact value of the new requirement is FFS. 
Observation 3: The requirement of Test 2 in 9.5.2.1 could be tightened. The exact value of the new requirement is FFS.

3
Summary 
In this contribution, we conducted simulations for both MMSE-IRC and RML receivers with existing RI tests. According to simulation results, we suggest:

Observation 1: There is no need to loosen the requirements of the existing RI test in 9.5.2.1 for RML receivers.

Observation 2: There is no need to tighten the requirements of Test 1 and Test 3 in 9.5.2.1 for RML receivers.

Observation 3: The requirement of Test 2 in 9.5.2.1 can be tightened. The exact value of the new requirement is FFS.
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