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1.
Introduction
During the previous RAN4 meetings, different approaches have been discussed for a rank indictor (RI) test in order to verify that the UE is able to estimate and report rank indicators corresponding to the number of useful transmission layers in the downlink channel [1-5]. In this paper, we provide our comments to the various proposals, and propose a way forward to complete the work in RAN4 as soon as feasible.
2.
Discussions
In [1], the proposal is to:
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 and find the RI reported by the UE at [0] dB. If the RI is equal to 1 more than [90] % of the time, the test passes. 
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 and find the RI reported by the UE at [12] dB. If the RI is equal to 2 more than [90] % of the time, the test passes. 

The advantage of this approach is that the settings reflect what we would expect in the field: where the number of useful transmission layers is expected to be higher (RI = 2) when the RF is good (higher SNR), while the number of useful transmission layers is expected to be lower (RI = 1) when the RF is poor (lower SNR). The issues with this approach were that the UE could report the RI based on SNR estimation only and pass the tests without estimating the channel ranks; and the statistics of the reported RI need to be collected during the tests.
In [2], it is proposed to use the open-loop spatial multiplexing transmission mode for RI test.  This is a combination of the large-delay CDD test and the transmit diversity test, where transmit diversity will be used if RI = 1, and large-delay CDD will be used if RI > 1. The advantage of this proposal is its simplicity, but again it cannot isolate the UE performance on RI reporting from the combined test.
In [3] and [4], the test consists of two parts: 

1.
Fixed rank test: RI test with SNR changing conditioned on the fixed rank. During this test, the channel matrix is full rank, while SNR changes from low to high.

2.
Changing rank test: RI test with high SNR on the channel with changing rank. Herein an artificial channel with changing rank and eigenmatrix is used.
Here the test metrics are the throughput gains compared with the performances when RI is fixed to 1 or 2.
The main issue with this proposal is its complexity, since it is not easy to find a suitable channel with changing rank and eigenmatrix for the changing rank test. Moreover, the test results will depend on the UE receiver implementation and the algorithm for the RI/PMI/CQI estimation and reporting. With changing rank at high SNR, throughput gain can be observed with accurate RI reporting compared with fixed RI = 1 or 2. But if the SNR for each layer transmission is estimated in the UE with a certain rank assumption and the channel rank is changing, the SNR estimate will also be updated following the rank change, and the UE will report CQI following the updated SNR estimate. Hence the test results will depend on the actual UE receiver implementation; and the issue in [1] and [2] may also occur here. Another issue of this proposal is that the rank changing period must be long enough to allow the UE sufficient time to collect the channel statistics.
In [5], it is proposed to use a 2X2 EPA5 channel and fixed codebook index 0 and a mid-range SNR of around 10 dB for the RI test. The requirement is that the throughput with the use of RI reporting shall be better than using only either rank 1 or rank 2. Clearly the test setup is simple and the receiver algorithm is quite straightforward, which fits the need of RAN4 requirement for the comparison and clarification between companies. Moreover, the same test metric (throughput) is used as in other demodulation and CSI reporting requirements, so that the results from the RI test can be used to compare with the results from other demodulation and CSI reporting performance study.
However, we would like to clarify the followings in the proposal:
1.
What channel correlation matrix is proposed to be used? (high, medium or low level)
2.
Could we use another codebook index (not index 0) so that we won't violate the rule in TS 36.211 [6]? (codebook index 1 or 2)

3.
Conclusions

We have provided in this paper some comments on the various proposals for the RI test. Looking at the pro and con of these proposals, we recommend RAN4 to use the proposal in [5] as a base to proceed for the RI test, and complete the work as soon as feasible.
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