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1 
Introduction
Currently in 36.101 defines 3 tests for RI for FDD and for TDD.

The tests are defined as follows:

Test 1: low correlation, fixed RI=2 and follow RI at low SNR, test metric γ2 

Test 2: low correlation, fixed RI=1 and follow RI at high SNR, test metric γ1
Test 2: high correlation, fixed RI=2 and follow RI at high SNR, test metric γ2

Where 

a)
The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;

b)
The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ ;
It is recognized that an advanced receiver which reports more often RI=2 may be penalized, especially for test 1. However, for other tests as well it may happen that the advanced receiver will be penalized.
In the last meeting the following way forward [1] was agreed
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Following RI test methodology proposals are to be further evaluated until next meeting.

· Renesas (R4-113695):  
· Ericsson proposal 1 (R4-113637):






if T_R2 > T_R1: γ1 requirement applies






else:  γ2 requirement applies

· Ericsson proposal 2 (R4-113637): verify that the ratio of the rank-2 reports to the ratio of rank-1 reports should be larger than a prescribed value for an EPA5 channel with low correlation

· NEC (improved by Huawei in R4-113798):

· Huawei (R4-113798): It is proposed that the ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ g1  is also considered for all the eDL-MIMO RI tests. 
· Intel (R4-113391): Proposal 1: Keep the current RI test methodology for eDL-MIMO CSI test

In this contribution we compare different metrics by considering a baseline MMSE receiver, and an enhanced receiver with improved rank-2 performance.
2 
Discussion

 The metric provided in [2] can be written as
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Hence, 

if TR1>TR2
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If TR2>TR1
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It can be seen that this metric is a compat way to write the relative throughput metric which is already defined in the specification. However, the difference with respect to the other metrics is that the limitng value (the requirement) will depend on the throughput obtained TR2/TR1 or TR1/TR2. The metrics above can be rewritten as
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Figure 1 shows the minimum possible β value by considering a MMSE receiver and an advanced receiver for test 1.
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Figure 1. Minimum possible β for test 1

Figure 1 shows that the β value is pretty constant when considering a baseline receiver and an advanced receiver. Under these examples the minimum β value increases or stays constant when considering advanced receiver. 
However, when TRA~ TR2 the metric may be very close to 0, or when TR2 ~TR1 the value of β may become arbitrary. Moreover, it will highly depend on the receiver implementation. Hence, we think that alignement of the results may be difficult according to this metric. 
Figure 2 shows the metric Tfollow/min(TR1, TR2).
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Figure 2. Metric Tfollow/min(TR1, TR2).

Which shows that the relative throughput of the advanced receiver is slightly decreasing for low SNR while for high SNR it is increasing. The requirements however may not be affected.

Figure 3 shows a metric based on the ratio of the throughput obtained when transmitting with RI=2 and the throughput obtained when transmitting with RI=1 TR2/TR1 depending on the use (=1) or not (=0) of the advanced receiver.
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Figure 3. Metric TR2/TR1.

This plot shows that the function increases when considering the advanced receiver. Hence if a minimum requirement is based on this metric and on a baseline receiver, an advanced receiver won’t be penalized.
Figure 4 shows the average reported RI.

[image: image7.emf]
Figure 4.  Average RI for EPA low.

This figure as well shows that with advanced receiver the % of reported RI =2 increases. So any requirement based on this metric (or the ratio of the % of R2 over the % of R1) would avoid penalization of the advanced receiver.

An other option RAN 4 could consider for the RI test to fully very the definition of the RI would be to use one of the above mentioned metric for the EPA low and then modify the EPA high test  by considering a fully correlated channel,i.e. alpha=beta=1.0 for the eNB and UE correlation matrices. This should guarantee that a UE can not report rank only based on the SNR.  Also for this case one of the above mentioned metric could be used. We think that the metric based on the % of reported R2 can be well suited.
3 Conclusions
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In this contribution we have compared the different metrics. We conclude the following:

Metric 1                                                                  : by considering the EPA-low the value of the metric increases or is constant for the example considered. However it may be difficult to find alignment of the results among companies and the value of beta can become arbitrary for particular conditions.
Metric 2 TRA/min(TR1,TR2): this function does not guarantee monotonic behaviour when considering advanced receiver, but the requirements may still be possible.

Metric 3 TR2/TR1 is shown to be always increasing when considering advanced receiver. This metric can be used to define the requirements.

Metric 4: percentage of R2 report (over the % of R1 report). This metric increases when considering advanced receiver, it can be considered as as way forward. 
Proposal: Modify the test for EPA high by considering a fully correlated channel,i.e. alpha=beta=1.0 for the eNB and UE correlation matrices to guarantee that a UE can not report rank only based on the SNR. Use one of the above mentioned metric for the definition of the requirement in this case (possibly the metric based on % of reported R2 which fulfil the purpose of the test).
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