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1. Introduction

In the last meeting, [1] provided a methodology for RI test. But some companies had concern on it. Due to the importance of RI test, this paper further clarifies the challenges for RI test and gives some analysis. 
2. Problems for RI test
As stated in [1], the purpose of RI test is to verify that the UE is able to determine a RI corresponding to the number of useful transmission layers. Because CQI/PMI reporting mode is selected based on RI reporting, RI test is important. But there are some challenges for RI test.
· Firstly, the number of useful transmission layers is not clearly defined in RAN1 or RAN4 specifications. It is ambiguous how to make sure that the RI reported by UE equals to the number of useful transmission layers since it is difficult to know what the number of useful transmission layers is exactly. So we have to resort to some kind of indirect test method.
· Secondly, it is not easy to obtain a reference channel for RI test. For CQI test cases, CQI mainly depends on SNR or channel fading. And for PMI test, PMI reflects the change of the eigenmodes of the random channel matrix. The reference channels for both tests are channels with fixed rank. But for RI test, if the number of useful transmission layers were interpreted as the number of the degrees of freedom of MIMO channel H, the number of useful transmission layers could be related to several factors, including SNR, the rank and condition number of the channel matrix H. Therefore, a channel with a changing rank should be used to reflect the effect of the ranks and condition numbers of H on RI computation. However, there may be no existing reference channel satisfying that requirement. Even if we found a proper reference channel, SNR would make the RI test a little complicated. When SNR is low, single-layer transmission will achieve the maximum capacity according to the waterfilling strategy, although the channel is full rank. When SNR is high, the well-conditioned channel matrices facilitate the communication. But when SNR is medium, the RI depends partly on the rank and the condition number of channel matrix and partly on SNR. It could be difficult to obtain a simple and robust test in this situation. Figure 2 shows the probability when RI = 2 with respect to the changing SNR when H is with full rank and well conditioned. The simulation conditions are given in Table 1. As we can see, when SNR is low, the probability of RI=2 is low, and when SNR goes high, the probability of RI=2 increases.
· Thirdly, according to the previous discussion about RI test, some companies had some concern on RI test based on the channel with fixed matrix and thought that UE could cheat the test only by computing the receiving SNR.
Keeping three points above in mind, we start to study RI test step by step. 
Because we have to resort to the indirect test, similar to PMI test, the performance gain provided by RI adaptation compared to the radio link without RI adaptation could be a good metric, which can be relative throughput gain or SNR gain.  Because the throughput gain makes the test time-saving, the throughput gain is preferred. 
Since there is no proper reference channel with a changing rank, an artificial channel should be provided. The key point is to construct a channel with the changing rank.
Regarding the third challenge, SNR brings some uncertainty for the RI test. Should we exclude the effect of SNR? We think the answer is no. As mentioned above, the combination of SNR, the rank and the condition number of channel matrix determines the number of useful transmission layers in real world. Therefore, in order to verify the RI reporting, we have to choose test cases which can reflect the real world. Hence, the impact of SNR should be considered. The methodology is proposed as following.
· The test consists of two part: 
· Fixed rank test: RI test with SNR changing conditioned on the fixed rank H. During this test, the channel matrix H is full rank, while SNR changes from low to high.
· Changing rank test: RI test with SNR high based on the channel with changing rank. Herein an artificial channel with changing rank has to be constructed. The details will be given in section 3.
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Figure 1 the Probability of RI =2 when SNR is changing

Table 1 Simulation assumptions (FDD)
	Parameter
	Unit
	Test

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	dB
	-3
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	dB
	-3

	Correlation and antenna configuration
	
	low

	Propagation model
	
	EVA5

	Reporting format
	
	PUCCH1-1

	Reporting periodicity 
	ms
	NP = 5

	ri-ConfigurationInd
	
	MRI = 1

	Simulation length
	
	10000 subframes at minimum


3. Proposed reference channel
Two kinds of artificial channel with changing rank are proposed as following. In order to simplify the test case, we only focus on the 2×2 test case.
· Proposal 1: Channel with changing rank and fixed eigenmatrix. 
A 2×2 MIMO channel with variable ranks is proposed as following
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where Λ is diagonal matrix, which is denoted by Λ=diag{λ1, λ2}. Here, the distribution of {λ1, λ2} is given by
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W is fixed matrix and denoted by
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Therefore, the rank of H will change randomly, but the eigenmatrix of H is fixed. During p percent of test time, the rank of H is one; during (1–p) percent of time, the rank is two.
· Proposal 2: Channel with changing rank and changing eigenmatrix. 
Background:

Assume that H is the channel matrix defined in frequency domain. It is proved that the MIMO fading channel H can be represented in the angular domain. Let Ut and Ur are respectively the nt×nt and nr×nr unitary matrices the columns of which are the basis vectors in spatial space. So the 2×2 MIMO channel can be denoted by
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where Ha is angular channel matrix. Transmit and receive antenna arrays of length Lt and Lr partition the angular domain into 2Lt×2Lr bins of unresolvable mulipaths. Paths that fall within the same bin are aggregated to form one entry of Ha. The rank or the number of degrees of freedom of H is the minimum of the number of non-zero rows and the number of non-zero columns of Ha. And if certain rows approach zero, the condition number of H will degrade.
In order to simulate the changing rank, Ha is given by
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where hij is the (i,j) elements of Ha, which conforms to circular complex Gaussian  CN(0,1) and is statistically independent with each other, and k is a variable which can govern the number of non-zero rows of the matrix. When k approach zero, an ill-conditioned matrix will be obtained. When k approaches 1, a well-conditioned matrix will be given. 
The matrices of Ut and Ur are proposed to be
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It is also proposed that the multi-path fading propagation conditions setup given in clause B.2 of 36.101, e.g. EPA5, EVA70, can be used to model the delay profiles and Doppler frequency corresponding to the frequency response hij. 
From (3) ~ (5), it is deduced that
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which can be used to construct the fading channel in frequency domain for RI test.
Regarding to parameter k, we propose to use a periodic sawtooth curve as its time profile, which is shown in Figure 2. Hence, we can simulate the effects of both rank and condition number of channel matrix on the RI performance. 
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Figure 2 the time profile of parameter k
Discussion:

Proposal 1 is a simple way, which equals to randomly select one of two deterministic channel matrices with different ranks. During test, the optimal PMI is also deterministic, which helps to exclude the PMI estimation effect on RI test. But it can not simulate the ill-conditioned channel matrix. Compared with Proposal 1, proposal 2 is a little complex. But it approximates the real world since it can simulate the ill-conditioned and well-conditioned channel matrices. However, we encounter another problem. Because H is a random matrix whose optimal PMI is random, it might be difficult to distinguish the performance by using bad RI computation and good PMI estimation and that by using good RI computation and bad PMI estimation. Therefore, we propose using fixed PMI during RI test if the proposal 2 is used.
Because proposal 2 includes the effect of both rank and condition number of channel matrix, we prefer proposal 2 as reference channel for RI test.
4. Proposed test methodology
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 [1], one possible SNR setup for fixed rank test is suggested to be equal to the SNR for differential CQI test in the dual codeword test cases, 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}.
(7)

In order to align with the proposed SNR setting, PUCCH 1-1 is suggested in this paper. 
Test Metrics

The throughput gains are denoted by
Y1 = (TPRI–TP1)/TP1, Y2 = (TPRI–TP2)/TP2,
where Y1 denotes the throughput gain compared with the performance when RI is fixed to 1 and Y1 the throughput gain compared with the case when RI is fixed to 2.

Minimum requirement

· Fixed rank test: Select two proper SNR test points, which are FFS, and for low SNR test point, the minimum requirement is that Y2>α, while for high SNR test point, the requirement is that Y1>β.
· Changing rank test: the minimum requirement is that Y1>γ and Y2>δ at given SNR test points, which is FFS.
5. Conclusion
In this contribution, the problems of RI test are analyzed. In order to solve these issues, a test case made up of two parts is proposed in this paper, including Fixed rank test, which is the RI test with SNR changing conditioned on the fixed rank H, and the changing rank test, which is based on the channel with changing rank assuming that SNR is high. The key of RI test is to construct the proper artificial channel with changing ranks. We propose two candidates: one is the channel with changing rank and fixed eigenmatrix, the other is based on the angular domain representation of channel matrix. We prefer the latter. Moreover, the methodology for RI test including the test metric and minimum requirements is given in this paper. 
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