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1   Introduction
In the last RAN4 meeting, the way forward for CQI requirements was approved in [1]. But these agreements did not cover RI test. Since RAN4 #47 meeting, there were a few of discussions about RI test [2,3]. Freescale presented an open-loop based test, and NEC proposed a RI test based on two fixed artificial MIMO channels, i.e. strongly correlated channel under high SNR and weakly correlated channel under low SNR. Unfortunately, UE could compute SNR instead of RI to pass these tests since the tests employed fixed reference channel and in these cases RI was dependent on SNR. 
In order to solve the above issue, a test case under high SNR is proposed in this paper: firstly, an artificial 2x2 MIMO channel with variable ranks is constructed, whose ranks change during the test in accordance with a certain statistical distribution. The requirements are
1. The RI distribution complies with the rank distribution of the constructed channel;
2. Compared the UE with fixed RI, the UE with proper RI measurement has throughput gain at a certain SNR test point.
2   Methodology of RI test
Although there was no definition of RI in TS 36.213, some descriptions could be viewed as the start point for RI test, which is as follows:

For spatial multiplexing, as given in [3], the UE shall determine a RI corresponding to the number of useful transmission layers.
It implies that RI actually is “the number of useful transmission layers”. Hence, the key point of RI test is to ensure that RI computed by UE is able to properly indicate “the number of useful transmission layers”. 
But “the number of useful transmission layers” does not equal the rank of channel transmit matrix H but depends on the SNR. Low SNR will bring uncertainty for the RI test. On one hand, it degrades “useful transmission layers” due to lower BLER although the rank of the channel matrix is full. On the other hand, low SNR would cause the error of the RI estimation. And it is well known that spatial multiplexing works well under high SNR. Based on two points above, high SNR scenario is suggested. However, under high SNR, if the channel rank was fixed, UE could easily cheat the RI test. 
Hence, a 2x2 MIMO channel with variable ranks is proposed as following
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where Λ is diagonal matrix, which is denoted by 
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Here, the distribution of {λ1, λ2} is given by
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(2)
W is denoted by
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The rationale behind this is that the PMI feedback can be fixed to code index 2 and the precoding matrix is optimal under MMSE criterion: when RI =1, the precoding vector is 
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, when RI = 2 the precoding matrix is 
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. Moreover, the SNR is constant during the whole test according to Annex F in [5] no matter what RI is.
In the proposed test, the rank of H approximately equals “the number of useful transmission layers” due to high SNR. In order to determine the proper SNR for the RI test, one straight forward way is to make a lot of simulations with respect to various SNRs and choose a good one. But maybe we can simplify this process. One possible method is to set SNR for RI test equal to the SNR for differential CQI test in the dual codeword test cases [4], since the SNR for the differential CQI test is high enough to form two useful transmission layers. So SNR parameter is denoted by

SNR ＝ max{SNRdifferential_CQI_test_1, SNR differential_CQI_test_2}
(3)
Test case

During the test, the values of λ1and λ2 are randomly changed according to formula (2) and SNR is set according to formula (3). 
Minimum requirement

· Distribution test: the rate of reporting RI =1 and RI = 2 shall approach the distribution as following
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where P{ RI = 1} denotes the  ratio of the times of reporting RI = 1 to the total reporting times during the test and X is the ratio margin.
· Relative throughput test: RI adaptation brings gain for the radio link capacity. The gain could be given by the throughput gain at a certain SNR test point compared with the UE using the fixed RI report, i.e.[RI =1]. Hence the throughput gain is denoted by
Y = (TPAd – TP1)/TP1
where TPAd is the throughput using RI adaptation and TP1 is the throughput when RI =1. And this requirement could be thought of as side conditions.
Further discussion on the requirement

If UE always chose RI =2 in the proposed test, it might pass the relative throughput test because the SNR was high enough. But it does not pass the distribution test. If UE cheated the test by reporting RI=1 in the first half of the time and reporting RI=2 in the rest, it would pass the distribution test but not relative throughput test. If UE randomly selected RI=1 in the half of time and RI=2 in the rest time, there would approximately be 1/4 of time in which the rank of channel equals 2 while RI reporting is 1. So UE would pass the distribution test but undergo the loss of the throughput in 1/4 of time.
3   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 Table 1 and Table 2. And the test assumptions and minimum requirements for TDD are shown in Table 3 and Table 4. 
Table 1 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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	dB
	0 when rank of H equals 1;
 -3 when rank of H equals 2
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	dB
	0 when rank of H equals 1;

 -3 when rank of H equals 2

	Correlation and antenna configuration
	
	given by formula (1)

	SNR
	
	given by formula (3)
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	dB[mW/15kHz]
	[-98]
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	dB[mW/15kHz]
	TBD

	Reporting format
	
	PUCCH1-1

	Reporting periodicity 
	ms
	[NP = 5]

	Reporting delay
	ms
	TBD

	ri-ConfigurationInd
	
	[MRI = 1]

	Measurement channel
	
	[1/2 16QAM]

	Distribution of the first eigenvalue
	
	p=[1/2]
	p=[1/3]

	Simulation length
	
	10000 subframes at minimum
	10000 subframes at minimum


Table 2a Minimum requirement of RI reporting rate (FDD)

	RI reporting rate margin [%]

	test 1  (p=[1/2])
	test 2 (p=[1/3])

	X
	X

	TBD
	TBD


Table 2b Minimum requirements of throughput gain (FDD)

	Throughput gain

	test 1
	test 2 

	Y
	Y

	TBD
	TBD

	Note 1:
for 16dB SNR test point 


Table 3 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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	dB
	0 when rank of H equals 1;

 -3 when rank of H equals 2
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	dB
	0 when rank of H equals 1;

 -3 when rank of H equals 2

	Correlation and antenna configuration
	
	given by formula (1)

	SNR
	
	given by formula (3)
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	dB[mW/15kHz]
	[-98]
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	dB[mW/15kHz]
	TBD

	Reporting format
	
	PUCCH1-1

	Reporting periodicity 
	ms
	[NP = 5]

	Reporting delay
	ms
	TBD

	ri-ConfigurationInd
	
	[MRI = 1]

	Measurement channel
	
	[1/2 16QAM]

	Distribution of the first eigenvalue
	
	p=[1/2]
	p=[1/3]

	Simulation length
	
	10000 subframes at minimum
	10000 subframes at minimum


Table 4a Minimum requirement of RI reporting rate (TDD)

	RI reporting rate margin [%]

	test 1  (p=[1/2])
	test 2 (p=[1/3])

	X
	X

	TBD
	TBD


Table 4b Minimum requirements of throughput gain (TDD)

	Throughput gain

	test 1
	test 2 

	Y
	Y

	TBD
	TBD

	Note 1:
for 16dB SNR test point
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