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1. Introduction

In the RAN4 #51 meeting, two contributions on the RI test were presented [1][2]. The throughput gain was proposed as the test metric in both papers. But in [1] the 2×2 EPA propagation condition was suggested. In [2] an artificial channel with changing ranks was proposed. 
In this paper, we further discuss the issue on the propagation condition and channel matrix model and the issue on MCS for RI test. We propose to use low correlation propagation at the proper SNR as the test matrix model to make sure that the probability for the occurrence of one useful transmission layer or two layers is almost the same. According to the analysis, we suggest the MCS fixed to 1/2 or 3/5 16QAM and pre-coder fixed to PMI index 1. We hope that this contribution would help the group to finalize the RI test working assumptions.
2. Propagation channel and correlation matrix
The key point for RI test is to make sure that the reported RI approaches the number of useful transmission layers. This number is determined by such factors as SNR, the rank of channel matrix, and the condition number (or the correlation between antennas). In [1], we proposed a channel matrix with the changing correlation. In this paper, we try to simplify the model and resort to the existed channel matrix model in RAN4, i.e., MIMO correlation matrices at high, medium and low level.
Figure 1 shows the distribution of the instantaneous condition number (which is the ratio of the modulus of two eigenvalues of the channel matrix, i.e., bigger modulus over smaller one, and is calculated for each sub-carrier in each subframe) assuming that the low correlation channel matrix and EPA5 propagation model with 10MHz bandwidth are used. In Figure 1 the last point represents the probability for the condition number beyond 20. As we can see, the ill-conditioned channel matrices (with large condition numbers) always exist. 
When SNR is very high, UE have two useful transmission layers since the distribution of the ill-conditioned matrices is concentrated within 1~5dB. But when SNR is low, the small condition number such as 4 and 5 may result in the degradation of the useful transmission layer number, since the SNR of one low level layer is too low to support the reliable transmission. Thus the number of useful transmission layers depends on the combination of the condition number and SNR. It is difficult to distinguish the effects of them. So we can use the combination of the existed channel matrix model and the proper SNR together as the working assumption.
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Figure 1 the distribution of the condition number for low correlation and EPA5 10MHz channel
The following issue is how to choose the proper combination. We propose to use the following principle:
· Principle 1: Choose the proper combination of correlation matrix and SNR to make the RI=x be reported with the equal probability, where x = 1,2,…,X and X is the maximum possible supported layer number. For 2x2 closed MIMO, that means to make RI=1 and RI=2 be reported at the rate of 50%, respectively. 
In this principle, there could be the obvious throughput gain no matter with respect to the fixed reporting of RI=1 or RI=2. The test will be more robust and stringent. And there is less chance for UE to cheat the test. 
Assume that the bandwidth is 10MHz and low correlation channel matrix is used, Figure 2 gives the probability of reporting RI=2 when the SNR value varies for the different propagation and Doppler models. Figure 3 gives the similar curves except for using medium correlation matrix, where the ill-conditioned channel matrices occur more frequently. The method 1 is the max throughput algorithm, and the method 2 maximizes the channel capacity. More large the delay spread and the Doppler shift, more frequently UE reports that RI=2 at a given SNR, since the average of channel matrix approximates the well-conditioned matrix better when the channel undergoes more frequency-selective and time-selective fading.
In practice, in order to achieve the excellent RI adaptation, the different MCSs will be used for the different transmitting layers. But generally only a limited set of MCSs will be supported. For example, 15 MCSs are supported in the CQI test. The 10% BLER operating points with the corresponding SNR and frequency efficiency for the supported MCSs are shown in Figure 4. Most of the CQI operating points are within the SNR range from -6dB to 20dB. When the medium correlation matrix model is used, the probability of reporting RI=2 approaches 50% at about 19dB, which is almost beyond the supporting ability of AMC as shown in Figure 4. In the extreme situation, when the maximum transmission rate was reached and no larger rate could be not supported for one layer, the UE would report RI=2, although the capability of one layer transmission might be larger than the two layer transmission. In RI test, we want to have the test point located in the middle of the supported SNR range. Therefore, comparing Figure 2 with Figure 3, we prefer to the low correlation matrix. 
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Figure 2 the distribution of RI=2 when low correlation matrix model with 10MHz bandwidth is used
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Figure 3 the distribution of RI=2 when medium correlation matrix model with 10MHz bandwidth is used
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Figure 4 AMC BLER=10% operation points
As shown in Figure 2, the slope of curve for EPA5 is less steep than the others, which also would help to make test insensitive to SNR. Hence we choose EPA5 as the working assumption. According to principle 1, the probability of RI=2 is about 50% at the SNR range of [6~12] dB. The average SNR of one layer transmission is approximately 3dB higher than the effective average SNR for each layer of 2x2 MIMO. So for the actually RI test assumption, the good SNR should fall in the range about [9~15] dB. We suggest using the median point of 12dB as the test point.
3. Issues on MCS and pre-coder
Another issue is how we should choose the MCS for RI test. In general, the layers with the different SNRs need to be supported by the different combinations of the modulation and the coding rate. If MCS is fixed, the RI adaptation can not be fully supported. 
In Figure 4, we plot the frequency efficiency vs SNR curves under the AWGN channel for two operating points with the fixed MCS, i.e., 18/25 16QAM and 3/5 16QAM, corresponding to CQI index 9 and CQI index 10 respectively. When UE estimate RI, it may use the blue curve as the operating curve, since UE is not optimal for the RI test. But if MCS is fixed, actually UE performs approximately along the working curves like the red and black curves as shown in Figure 4. Thus if the MCS is fixed, the throughput gain with respect to the fixed RI could not fully measure the ability of RI adaptation and may even cause some problems. 
Figure 5 gives the SNR vs Throughput curves for the comparison. We can see that in the range of [8~16] dB the performance of UE, when MCS is fixed to CQI index 9, approaches the performance with the RI adaptation. But when SNR is beyond 16dB, the performance of fixed MCS deviates greatly from the curve using AMC. Thus the problem of fixed MCS is not very big and we can choose the proper SNR range, where the performance of fixed MCS approximates that with AMC. And we can see that the proper SNR range for CQI index 9 coincides with the range [9~15] dB approximately, which we suggest for channel matrix in section 2. In Figure 5, we also give the curve corresponding to CQI index 8, which is 0.48 16QAM. We can see that within the range [8~14] the performances for AMC, MCS fixed to 0.6 16QAM and MCS fixed to 0.48 16QAM are quite the same. So we guess that 1/2 16QAM could also be used as the MCS for the RI test, which is aligned with the PDSCH performance requirement.
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Figure 5 Performance comparison

In [1], no spatial pre-coding is suggested, i.e., 
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for two layers. In this paper, we give our analysis. According to Figure 5, the gap between the curve for PMI adaptation and PMI fixed to index 1 is quite small. So we can use the fixed PMI as the working assumption. We have no strong opinion on which PMI index should be used or no pre-coder be used. But we suggest using PMI index 1, since this index can be used for both one layer transmission and two layer transmission.
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 1 and table 2. And the test assumptions and minimum requirements for TDD are shown in the table 3 and table 4. 
Table 1 PUCCH1-1 RI test (FDD)
	Parameter
	Unit
	Test 

	Bandwidth
	MHz
	[10]

	Transmission mode
	
	4

	Propagation channel
	
	EPA5

	Downlink power allocation
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	Correlation and antenna configuration
	
	[low 2×2]

	SNR
	dB
	[12]
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	dB[mW/15kHz]
	[-98]
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	dB[mW/15kHz]
	[-86]

	Reporting mode
	
	PUCCH1-1

	Reporting interval
	ms
	[NP = 5]

	RI delay
	ms
	TBD

	ri-ConfigurationInd
	
	[MRI = 1]

	Measurement channel
	
	[3/5 16QAM (CQI index 9) or 1/2 16QAM]

	Pre-coder
	
	[fixed to index 1]

	HARQ
	
	N/A

	Simulation length
	
	10000 subframes at minimum


Table 2 Minimum requirements of throughput gain (FDD)

	Throughput gain (>Y)

	Y

	TBD


Table 3 PUCCH1-1 RI test (TDD)
	Parameter
	Unit
	Test 

	Bandwidth
	MHz
	[10]

	Transmission mode
	
	4

	Propagation channel
	
	EPA5

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Downlink power allocation
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	Correlation and antenna configuration
	
	[low 2×2]

	SNR
	
	[12]
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	dB[mW/15kHz]
	[-98]
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	dB[mW/15kHz]
	[-86]

	Reporting format
	
	PUCCH1-1

	Reporting interval 
	ms
	[NP = 5]

	RI delay
	ms
	TBD

	ri-ConfigurationInd
	
	[MRI = 1]

	Measurement channel
	
	[3/5 16QAM (CQI index 9) or 1/2 16QAM]

	Pre-coder
	
	[fixed to index 1]

	HRAQ
	
	N/A

	Simulation length
	
	10000 subframes at minimum


Table 4 Minimum requirements of throughput gain (TDD)

	Throughput gain (>Y)

	Y

	TBD
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