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1. Introduction 

In [1][2], RI reporting test has been proposed in RAN4 #51. The reported simulation results in the earlier proposals were not conclusive. In this contribution, a modified test has been proposed for RI reporting test. Simulation results are provided for setting proper minimum requirements.
2. Test Setup
The purpose of this test is to verify that the RI reporting accurately represent the channel rank and receiver performance. The accuracy of RI reporting is determined by the relative increase of the throughput obtained when transmitting based on the reported rank compared to the case for which a fixed rank is used for transmission. 

In [1], low correlation 2x2 EPA5 channel is used for RI test. A fixed precoder is used for two layers transmission:

[image: image1.wmf]ú

û

ù

ê

ë

é

1

0

0

1

2

1

,
which is not allowed according to the spec for the closed-loop spatial multiplexing transmission mode when the number layers are
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.  The precoder used for layer 1 transmission is not clear. The simulation results in [1] indicated that the probability of selecting rank 2 is fairly high at even -5 dB SNR.
In this document, we propose to modify the setup to make it more robust. First we propose to use the following spec compliant codebook subset restriction: For fixed rank 1 transmission, the RI and PMI reporting is restricted to two single-layer precoders, 
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. For fixed rank 2 transmission, the RI and PMI reporting is restricted to one two-layer precoder, 
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. For follow RI transmission, the RI and PMI reporting is restricted to select the union of the precoders specified above. 

Secondly, we propose to test highly correlated channel. This test is intended to rule out a poor implementation that picks RI solely based on channel SNR, which could pass the test with only low correlation antennas. 
3. Simulation Results

An FDD system with 10 MHz channel bandwidth is simulated. In this simulation, the CQI/PMI feedback periodicity is configured to 5 subframes. The RI feedback periodicity is also configured to 5 subframes. Throughputs for RI =1, RI=2 and follow-RI are simulated at three SNR values: 0, 16 and 20 dB.
3.1
Low antenna correlation

In this case, an antenna correlation of 0 is assumed in the simulations. Figure 1 shows that the follow RI transmission scheme has superior performance compared to both fixed RI=1 and fixed RI=2 transmission schemes at all channel SNR. The throughput ratio is shown in Figure 2. At 0 dB SNR, the throughput ratio of follow-RI over RI = 2 is shown to be > 1.3. At 20 dB SNR, the throughput ratio of follow-RI over RI = 1 is also shown to be > 1.3. At 16 dB SNR, the throughput ratio over both RI = 1 and RI = 2 schemes are between 1 and 1.1.
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Figure 1 UE throughput with different RI options
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Figure 2 Throughput ratio
Note that the probability of reporting RI = 2 is 1%, 83% and 95% for 0 dB, 16 dB and 20 dB SNR, respectively. 
In summary, the simulation results indicate that multiple test points at low and high SNR region are necessary to test the proper RI reporting.
3.2
High antenna correlation

In this case, an antenna correlation of 0.9 is assumed in the simulations. The purpose of this test is to ensure that an UE is capable of reporting rank 1 at high SNR region if the channel is rank deficient. In this particular simulation, the channel SNR is configured to be 16 dB. The throughput and relative throughput of the test are summarized in Table 1. 

As shown in the table, the fixed RI = 2 transmission suffers significant throughput loss compared to the RI = 1 and follow-RI schemes. This implies that SNR based RI reporting scheme could be effectively prevented through this test. Note that he follow-RI scheme only report RI = 2 for 1% of the time.

Table 1 High correlation channel results
	
	Throughput (kbps)
	Throughput ratio
	% of RI = 2

	RI = 1
	24413
	1.00
	0%

	RI = 2
	10943
	2.23
	100%

	Follow RI
	24446
	
	1%


4. Conclusions
In this contribution, we proposed a modified RI test methodology with both low and high antenna correlation.  Simulation results indicated that multiple SNR points are necessary for testing the low correlation channel. It was also shown that a high correlation setup is desirable to rule out a poor UE implementation that picks RI solely based on channel SNR.
Detailed test methodology and minimum requirements are proposed in [3].
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