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Discussion
1
Introduction
In Ran 4 #60 the following way forward was agreed for the sake of progressing the work in the context of RI test definition [1]

· All candidate metrics for the TM9 rank indication tests are for further evaluation in simulation until RAN4#60bis.
· The target completion date for the metric selection is RAN4#60bis. 

· Common assumptions:

· Test setup in framework document to be provided by NTT DOCOMO in R4-114847

· Results to be provided per simulation, in Excel format
· Relative quantities defined in R4-114847. 

· SNR = -4 to 24 dB with 2 dB steps

· Sim.1

· Baseline receiver (MRC for Rank-1, MMSE for Rank-2)

· Low antenna correlation

· Sim.2 

· Baseline receiver (MRC for Rank-1, MMSE for Rank-2)

· High antenna correlation

· Sim.3 (optional) 

· Realistic advanced receiver X (improves performance versus baseline)

· Low antenna correlation

· Sim.4 (optional) 

· Realistic advanced receiver X (improves performance versus baseline) 

· High antenna correlation

Moreover the revision of [2] (agreed by e-mail) provided the details of the metrics under test:

The following relative metrics are to be investigated:
· TRA / TR1 ≥ 1
· TRA / TR2 ≥ 2
· TRA / min( TR1,TR2 ) ≥ 
· TRA / min( TR1,TR2 )  ≥ 1 + β|TR2-TR1|/min(TR2,TR1)

· # reported R2/# reported R1 ≥ 
Note: both sides in above inequalities should be considered. The following quantities should be provided per investigated SNR value:

· Left side of each equation given above.

· Right side of each equation given above, for a discrete set of possible requirement values (1, 2, β, )
The contribution provides simulation results for the above mentioned metrics for the different conditions and we provide our conclusions.
2
Performance

Figure 1 and 2 shows the performance in terms of the left end side of each metric for the baseline receiver as a function of the SNR for low correlation and high correlation case respectively.
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Figure 1. MMSE, low correlation. Left end side of the metrics.
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Figure 2. MMSE, high correlation. Left end side of the metrics.

It can be noticed that for the beta-based metric, we have plotted the maximum beta value, i.e. (TRA- min( TR1,TR2 ) /|TR2-TR1| ≥ β
Figure 3 and 4 represents the same quantities but with the advanced receiver.
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Figure 3. Adv receiver, low correlation. Left end side of the metrics.
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Figure 4. Adv receiver, high correlation. Left end side of the metrics.

In the following we present metric by metric and we compare the curves obtained with the baseline receiver and with an advanced receiver together with the right end side of the metrics described in above.

2.1
TRA/TR1
Figure 5 shows the metric TRA/TR1 for baseline and advanced receiver  for low and high correlation.

Advanced receiver shows slightly better metric value. Hence requirements based on the baseline MMSE receiver can be defined. In rel-8 and 9 this metric is used for high SNR and low correlation. It can be seen that the same metric can be re-used. The actual value of the requirement could be defined after collecting all the results from all the companies. These results show that the same requirements can be considered.

Moreover it can be seen that this metric can be used also for the other conditions (low SNR and low correlation and high SNR and high correlation). The actual value of the requirements in the this case needs more studies.
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Figure 5. TRA/TR1.
2.2
TRA/TR2

Figure 6 shows the metric TRA/TR2 for baseline and advanced receiver for low and high correlation. This plot shows that the advanced receiver is penalized when considering the legacy metric (this metric is used for low SNR and low correlation and high SNR and high correlation). This metric can not be used for the RI test under this conditions.
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Figure 6. TRA/TR2
2.3
TRA/min(TR1,TR2)
Figure 7 and 8 show the metric TRA/min(TR1,TR2) for baseline and advanced receiver for low and high correlation respectively.

Additionally 1 + β|TR2-TR1|/min(TR2,TR1) is also plotted (called “Beta xx MMSE” for β =xx and MMSE throughput values and “Beta xx Adv rx” for β =xx and advanced receiver based throughput) with β =0, β =0.2 and β =0.4.
We acknowledge the fact that the metric based on β varies depending on whether the baseline or the advanced receiver is considered, i.e it mimics the metric behavior. Hence, it can be considered as a suitable candidate. 

However it should be noted that, even if the methodology itself can be considered a viable solution,  in rel-8/9 the requirement would be 2=1. Hence any β different from 0 would necessarily mean a tightening of the requirements which we do not think it is the scope of the analysis.
Hence one option would be for low SNR and low correlation to consider the following metric:

TRA / min( TR1,TR2 )  ≥ 1 + β|TR2-TR1|/min(TR2,TR1)
with β=0.

The same situation occurs at high SNR and high correlation. In this case the legacy requirements are defined in terms of  2=1.1. 

One option would be to find the value of beta such that the requirement is not tightened. 
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Figure 7. TRA/min(TR1,TR2) for baseline and advanced receiver for low correlation
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Figure 8.  TRA/min(TR1,TR2) for baseline and advanced receiver for high correlation
2.4
R2/R1
Under the hypothesis that the advanced receiver improves the performance of R2 transmission, this metric satisfies as all the criteria. It increases when considering the advanced receiver as shown in [3].
Simulation results are missing and they will be provided with a revised version of the document.
2
Conclusions
In this contribution we have analyzed the rank indicator report and we have provided results for all the metrics. In particular we conclude the following.
· TRA/TR1 can be used also for low SNR and low correlation and high SNR and high correlation.

· The β based metric is a good candidate as well because the requirement itself follows the behaviour of the metric TRA/min(TR1, TR2), hence it avoids penalization of the advanced receiver. However, if this metric is selected as a way forward the proposal is 
· consider β=0 for low SNR and low correlation 
· find the beta value such that the requirement is not tightened compared to rel-8/9. 
However the definition of β will require extensive work, hence our proposal is as follows:

· TRA/TR1 can be used also for high SNR and low correlation and high SNR and high correlation.

· Use the β based metric with β=0 for low SNR and low correlation.

Alternatively the metric #R2/R1 can be considered if the hypothesis that the advanced receiver increases the performance of R2 reporting can be made.  
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