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1. Introduction

In the RAN4 meeting #51bis, RI test method was extensively discussed. It seemed that the proposal [1] was agreed as a good start point for the further study, where RI was tested under low correlation and high correlation MIMO channels. The test metric is the relative throughput between the follow-RI reporting and fixed RI.
But there might be some remaining issues which need to be reconsidered. The first is whether multiple test points at low and high SNR are needed or just one test point is acceptable. The second one is about the wideband CQI feedback. As proposed in [1, 2], the wideband CQI should be employed in RI test. But how to choose operating points (OP for short), that is, low OPs or high OPs, is implementation specific. The different OPs could lead to the various behavior of RI adaptation. Moreover, the proposed RI test included the rank adaptation and AMC. The performance of the UE with good rank adaptation and poor CQI feedback might be as good as that with a little poor rank adaptation and good CQI feedback.
In this paper, the simulation results are provided according to the tentatively agreed working assumption. After analysis, we proposed to limit the number of test points for the test simplicity, use medium correlation channel instead of high correlation channel in order to form more stringent requirements, and add the BLER requirement as the side condition to make sure that UE has a good wideband CQI feedback and maybe to make it easier to align the simulation results from different companies.
2. Verification of RI test
The working assumptions are given in [3] and shown in Table 1. Figure 1, Figure 2 and Figure 3 shows the throughput, BLER and relative throughput respectively for the follow RI and fixed RI reporting, assuming the 4-HARQ process and low correlation channel. Table 2 compares the results under high correlation channel and medium correlation channel. All the figures show the results both for low operating points (LO) of AMC, that is target BLER<0.1 and high operating points (HO), i.e., target BLER>0.1.
Table 1 PUCCH1-1 RI test (FDD)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	[10]

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	-3
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	dB
	-3

	Propagation condition and antenna configuration
	
	[2 x 2 EPA5]

	Antenna correlation
	
	Low
	Low
	High

	SNR
	dB
	[0]
	[16]
	[16]
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	dB[mW/15kHz]
	[-98]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-98]
	[-82]
	[-82]

	HARQ
	
	[4]

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	3

	Reporting periodicity 
	ms
	[NP = 5]

	cqi-pmi-ConfigurationIndex
	
	5

	ri-ConfigurationInd
	
	[TBD]

	CodebookSubSetRestriction  bitmap
	
	010011
(
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Figure 1 Throughput of follow-RI, RI fixed to one and RI fixed to two, 
(a) for low operating points of wideband CQI and AMC, (b) for high operating points of wideband CQI and AMC
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Figure 2 BLER for follow-RI, RI fixed to one and RI fixed to two, 
(a) for low operating points of wideband CQI and AMC, (b) for high operating points of wideband CQI and AMC
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Figure 3 Relative throughput of follow-RI, RI fixed to one and RI fixed to two, 
(a) for low operating points of wideband CQI and AMC, (b) for high operating points of wideband CQI and AMC
Table 2 Throughput and relative throughput gain at 16dB
	
	High correlation
	Medium correlation

	
	Throughput (kbps)
	Throughput gain (kbps)
	Throughput (kbps)
	Throughput gain (kbps)

	RI=1
	25376
	≈1
	27978
	1.08

	RI=2
	12385
	2.09
	14445
	2.11

	follow-RI
	25874
	
	30441
	


3. Test points and requirements
In [1], multiple test points at different SNRs, namely, SNR=[0] and SNR=[16], are proposed and the poor UE that picks RI solely based on channel SNR is ruled out through high correlation channel test. But as we all know, MIMO behave well mainly at high SNR. When SNR is low, RI=1 is always reported no matter what kind of correlation matrix is. So the requirement of relative throughput of follow-RI over RI fixed to 1 when SNR= [0] might not be meaningful. And the relative throughput of follow-RI over RI fixed to 2 approximates that of RI fixed to 1 over RI fixed to 2. Besides, removing SNR= [0] test point could simplify the RI test. 
In [1], the high correlation was proposed for test 3. According to our simulation results as shown in Table 2, the relative throughput gain of follow-RI over RI=1 at high correlation approximates 1. But throughput gains for the medium correlation cases are about 1.1.So we suggest using medium correlation instead of high correlation for RI test in order to form the more stringent requirements.
Comparing the results between the LO cases and HO cases through Figure 1 to Figure 3, we can see that different operating points for the AMC and the wideband CQI feedback could lead to various behaviour of RI adaptation. Since operating points are quite implementation-specific, which are not suitable to be specified, the alignment of the results provided by different companies might be difficult. So we suggest adding some side-condition about wideband CQI BLER for the RI requirement.
4. Proposed test setup

According to TS 36.213, RI feedback can be used for open-loop spatial multiplexing and closed-loop spatial multiplexing. It is proposed that reporting modes PUCCH 1-0, PUCCH 1-1, PUSCH 1-2, PUSCH 3-0 and PUSCH 3-1 have high priority for the CQI/PMI/RI tests. We suggest that closed-loop spatial multiplexing would be employed for the RI test. In order to align with the proposed SNR setting, PUCCH 1-1 is suggested in this paper.

The test assumptions and minimum requirements for FDD are shown in the Table 3 and Table 4. And the test assumptions and minimum requirements for TDD are shown in the Table 5 and Table 6. 
Table 3 PUCCH1-1 RI test (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	[10]

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	-3

	Propagation condition and antenna configuration
	
	[2 x 2 EPA5]

	Antenna correlation
	
	Low
	Medium

	SNR
	dB
	[16]
	[16]
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	[-98]
	[-98]
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	dB[mW/15kHz]
	[-82]
	[-82]

	HARQ
	
	[4]

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	3

	Reporting periodicity 
	ms
	[NP = 5]

	cqi-pmi-ConfigurationIndex
	
	5

	ri-ConfigurationInd
	
	[TBD]

	CodebookSubSetRestriction  bitmap
	
	010011
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for two layer transmission)

	Simulation length
	
	10000 subframes at minimum

	[Note: The BLER for the test point should be within the range of TBD]


Table 4 Minimum requirements of throughput gain (FDD)
	
	Test 1
	Test 2

	1
	TBD
	TBD

	2
	TBD
	TBD


Table 5 PUCCH1-1 RI test (TDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	[10]

	PDSCH transmission mode
	
	4

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Downlink power allocation
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	Propagation condition and antenna configuration
	
	[2 x 2 EPA5]

	Antenna correlation
	
	Low
	Medium

	SNR
	dB
	[16]
	[16]
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	HARQ
	
	[4]

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	3

	Reporting periodicity 
	ms
	[NP = 5]

	cqi-pmi-ConfigurationIndex
	
	5

	ri-ConfigurationInd
	
	[TBD]

	CodebookSubSetRestriction  bitmap
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	Simulation length
	
	10000 subframes at minimum

	[Note: The BLER for the test point should be within the range of TBD]


Table 6 Minimum requirements of throughput gain (TDD)
	
	Test 1
	Test 2

	1
	TBD
	TBD


	2
	TBD
	TBD
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