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1 Introduction
At the RAN4 #60 meeting, it was agreed to further investigate the following rank indicator (RI) reporting accuracy performance metrics via simulations using realistic receiver algorithms [1], [2]: 

· Metric 1: TRA / TR1 ≥ 1
· Metric 2: TRA / TR2 ≥ 2
· Metric 3: TRA / min( TR1,TR2 ) ≥ 
· Metric 4: TRA / min( TR1,TR2 )  ≥ 1 + β|TR2-TR1|/min(TR2,TR1)

· Metric 5: # reported R2/# reported R1 ≥ 
Since the purpose of this study is to design a receiver agnostic RI test metric, first it is necessary to check whether the existing RI test metrics are robust to different receiver demodulation performance characteristics. In this paper, we present simulation results for fixed rank and rank adaptation performances of the MMSE (baseline) receiver and the ML (advanced) receiver, and study the reusability of the Rel-8/9 test metrics based on both mathematical analysis and simulation results. Finally, a receiver agnostic RI test metric is proposed for a test case where the Rel-8/9 test metric may penalize the advanced receiver.
2 Mathematical Analysis on Test Methodology
In this section, the property of the Rel-8/9 RI test methodology is analyzed mathematically to see the reusability of the existing test metrics (Metric 1 and 2). In addition, characteristics of newly proposed 
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 requirements in the Metric 3-5 are also investigated analytically. 
The throughput obtained from rank adaptation 
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where 
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 is the resulting throughput from rank-1 transmission on subframe 
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 is the resulting throughput from rank-2 transmission on subframe 
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 is a set of subframes where rank-1 transmissions occur while running a test with rank-adaptation, and 
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 is a set of subframes where rank-2 transmissions occur during the rank-adaptation test-run. In ideal rank adaptation (with ideal channel information, rank reporting for every subframe, and no feedback delay), the throughput obtained from rank-1 transmission 
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The throughput resulting from fixed rank-1 transmission 
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 in the MMSE receiver is given as
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and the throughput resulting from fixed rank-2 transmission 
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 in the MMSE receiver is given as 
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As shown in Figure 1, the soft output ML receiver (advanced receiver), which is an optimal receiver in terms of minimizing bit error probability, improves the throughput performance of rank-2 transmission in high SNR region while the performance gain over the MMSE receiver in rank-1 transmission is negligible. Therefore, the throughput obtained from rank adaptation 
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 for the advanced receiver can be written by
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where 
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 denotes the throughput of rank-2 transmission in the advanced receiver on subframe 
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 is the rank-2 throughput increase by using the advanced receiver, i.e. 
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. As the second and third terms on the right-most hand side of Equation (4) are non-negative values, the throughput increase of rank adaptation by the advanced receiver 
[image: image31.wmf]RA

T

D

 is given by

[image: image32.wmf]0

)

(

2

3

,

2

,

1

,

2

³

D

+

-

¢

=

D

å

å

Î

Î

S

n

n

S

n

n

n

RA

T

T

T

T

.

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (5)

Next, the characteristic of each metric is studied based on Equation (1)-(5). 

· For Metric 1, the advanced receiver can easily meet the requirement, which was set based on the MMSE receiver performance, with a larger margin, since 
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. Thus, Metric 1 can be reused for the Test 2 scenario.
· For Metric 2, the advanced receiver may not meet the requirement 
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 set by the MMSE receiver performance. That is, the value of Metric 2 for the advanced receiver can be smaller than 
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The inequality in Equation (6) may be valid if 
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· Metric 3 can also penalize the advanced receiver as Metric 2 for the cases that 
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, potentially a low SNR/low correlation scenario (Test 1) and a high SNR/high correlation scenario (Test 3).
· For the advanced receiver, the left-hand side and right-hand side of Metric 4 in the low SNR/low correlation scenario (Test 1) and the high SNR/high correlation scenario (Test 3) are given by 

LHS: 
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The inequality in Equation (7) can occur in the high SNR/high correlation scenario (Test 3) where UE reports rank-1 for most of the time and, accordingly 
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is achieved. In conclusion, Metric 4 can also penalize the advanced receiver with the enhanced rank-2 throughput performance. 
· Metric 5 only use the number of rank-2 reports and the number of rank-1 reports without considering the achieved throughput. This allows that a certain UE implementation simply adjusting reported rank statistics during the test run based on long term channel characteristics without optimizing the actual achieved throughput under instantaneous channel variation can meet requirements. Thus, using Metric 5 alone is not a proper test methodology.
3 Numerical Evaluation on Test Methodology
In this section, actual throughput performances of fixed rank-1, fixed rank-2, and adaptive rank transmissions are provided via simulation. The simulation assumptions are based on Table 8 in the framework document [2], and the effective delay of CQI/PMI and RI, from a DL subframe where CSI-RS is measured to a DL subframe where calculated CQI/PMI and RI are applied, is 9ms since CQI/PMI are reported with 1ms delay compared to RI reporting instances. The CSI-RS subframe configuration, ICSI-RS = 4 is assumed. 
Figure 1 shows throughput comparison of MMSE vs ML receiver in rank-1 and rank-2 transmission. The performance gain of the advanced receiver over the baseline MMSE receiver for rank-2 transmission in high SNR region becomes larger if the channel is more spatially correlated.
Figure 2 compares the throughput performance of rank adaptation with performances of fixed rank transmissions in low antenna correlation channel. In Figure 3, the maximum value which 
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 can take at a given SNR is plotted using the obtained throughput values. That is, 
Gamma1=TRA / TR1, Gamma2=TRA / TR2, Gamma12=TRA / min( TR1,TR2 ), and Beta = (TRA – min( TR1,TR2 ))/ |TR2-TR1|.
Similarly, Figure 4 shows throughput comparison of rank adaptation with fixed rank transmission, and Figure 5 plots the maximum possible values of 
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 at each SNR, both for high antenna correlation channel. 
As shown in Figure 2, the throughput gains of the advanced receiver over the MMSE receiver in both rank-2 transmission and adaptive rank transmission are negligible for the low SNR region (~0dB SNR) in low correlation channel. That is, Gamma2 value for the advanced receiver is similar to one of the baseline receiver. 
Observation 1: The Rel-8/9 RI metric TRA / TR2 can be reused for Test 1 of Rel-10 RI reporting accuracy tests (low SNR, low correlation).
As shown in Figure 1, the rank-1 throughput is consistent for both receivers. Thus, Metric 1 can be re-used in the high SNR region of low correlation channel. 
Observation 2: The Rel-8/9 RI metric TRA / TR1 can be reused for Test 2 of Rel-10 RI reporting accuracy tests (high SNR, low correlation).
As shown in Figure 4, the advanced receiver enhances the rank-2 throughput performance significantly in the high SNR region of high correlation channel while adaptive rank and rank-1 throughput performances of the advanced receiver are similar to those of the MMSE receiver. Thus, requirement based on 
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Observation 3: The Rel-8/9 test metric based on 
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 can penalize the advanced receiver in Test 3 (high SNR, high correlation).  
From Figure 4, Metric 4 in the high SNR region of high correlation channel is equivalent to 
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Defining a proper
[image: image65.wmf]b

 value for the above inequality is not easy since the above inequality also depends on 
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 just as Metric 2 and Metric 3. In other words, Metric 4 is not receiver agnostic for a high correlation/ high SNR test case.

Observation 4: Metric 4 is not receiver agnostic, and it is difficult to find a proper 
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 value which does not panelize the advanced receiver in Test 3 (high SNR, high correlation).

For Test 3 in the high SNR/high correlation scenario, a two step process using both Metric 3 (with 
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) can assure the proper rank reporting performance without penalizing the advanced receiver [3]. Alternatively, using Metric 1 with the 
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), but can reduce the test time as only TRA / TR1 is evaluated during the RI test run. 
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Figure 1 MMSE vs ML receiver performance comparison in rank-1 and rank-2 transmissions
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Figure 2 Rank adaptation throughput performance comparison in low correlation channel
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Figure 3 RI test metric comparison in low correlation channel. The maximum value that each requirement value can take at a given SNR is plotted.
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Figure 4 Rank adaptation throughput performance comparison in high correlation channel
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Figure 5 RI test metric comparison in high correlation channel. The maximum value that each requirement value can take at a given SNR is plotted. 
4 Conclusions

The test methodology for Rel-10 LTE RI reporting accuracy requirements was discussed to define a receiver agnostic RI requirement. Based on the analysis and numerical results in Section 2 and Section 3, we propose the following: 
Proposal 1: For Test 1 and Test 2 in low antenna correlation channel, re-use the Rel-8/9 metric. That is, use 
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 (at SNR =20dB) requirements for Test 1 and Test 2, respectively. 
Proposal 2: For Test 3 (high correlation/high SNR), UE should satisfy both conditions 
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 at SNR=20dB. Alternatively, using Metric 1 with the 
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 can equivalently combine Metric 1 and Metric 3 (with 
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