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1. Introduction
In last meeting in Barcelona, companies shared their proposals on RI test methodology for eDL-MIMO in contributions [1]-[4]. In this paper, we try to give an in-depth analysis on those candidate test methodologies for RI test and provide a preferred solution to compromise those proposals.
2. Potential Candidates
In this section, we provide a brief overview of possible RI test methodologies for eDL-MIMO. Pros and cons are summarized for each candidate. 
2.1.  Receiver Agnostic Metric
In [1] the following metric which we called receiver-agnostic metric is proposed for RI testing at low/high SNR: 
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Where 
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is the throughput with rank adaptation (follow-RI) and
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are the throughputs obtained for fixed rank-1 and rank-2 respectively. The parameter belongs to the interval [0, 1] and is the one governing the requirement.
This test metric is indeed the only receiver-agnostic solution so far as it focuses on the original purpose of RI testing.

One equation transformation shows that this new test metric and Rel-8/9 test metric are interchangeable:
Assuming
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, from (1) we can get  


[image: image6.wmf](

)

(

)

(

)

12121212

12

212112

21

min,

min,min,min,

,

RARA

RA

RARRRARR

RRRR

RARA

TT

T

TTTTTT

TTTT

TT

gggg

gg

b

gg

gg

æö

-

ç÷

--×-

èø

£==

---

-

    (2)

[image: image7.wmf](

)

1212

12

min,

gggg

b

gg

×-

£

-

                                  (3)
To analyse the feasibility of this new metric, one good way is to use Rel-8/9 simulation results from all the interested companies. Fig. 1 and Fig. 3 summarize the simulation results of different companies that could be found in [5]-[11] for Rel-8/9 rank indication reporting tests for low and high antenna correlation, respectively. Fig. 2 and Fig. 4 show the corresponding curves derived from different companies’ simulation results according to (3).
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Fig. 1. Throughput ratios of different companies under low antenna correlation
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Fig. 2. The maximum  of different companies under low antenna correlation
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Fig. 3. Throughput ratios of different companies under high antenna correlation
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Fig. 4. The maximum  of different companies under high antenna correlation
From Fig.2, for low antenna correlation case, it is observed that trace is not stable over the SNR region evaluated. There is always an extreme value region of  when rank-1 and rank-2 have the similar throughput. Worst case: this value would be infinite when rank-1 and rank-2 have the equal throughput at the rank-switch SNR point like Company 2. It can be expected that for the Rel-10 test case design following this new metric, the test SNR has to avoid all the extreme value regions from all different UEs (companies) in case one UE would easily pass the test when testing SNR is close to its rank-switch SNR region. Otherwise for some UEs the RI is not tested at certain SNR point. Unfortunately at least according to Rel-8/9 submitted results (Figure 2), companies’  extreme value regions are almost uniformly distributed from 0 to 20 dB.
Fig.4 shows that for high correlation, this new test metric works nearly same as the Rel-8/9 test metric however with the improved receiver agnostic property.
As described above, for this new test metric, SNR testing points need to be designed carefully in order to avoid rank-switch SNR. However, different companies’ rank-switch SNRs regions ranged from 0dB to 20dB according to Fig.2, which makes it a bit difficult to define proper test SNR values. 
Pros and cons of this methodology are summarized as follow: 
· Pros 
· Make sure it brings rank adaptation gain and can trace expected envelope.
· Receiver agnostic.
· Easily extended to high order antenna configuration.
· Cons 
· It might be difficult to search for proper SNR testing points.
2.2. Absolute Throughput Based Metric
By using follow CQI, PMI and RI, the absolute throughput could be used as the test metric for Rel-10 [4] [12]. Such “all-switched-on” test would avoid shortcomings of Rel-8/9 RI testing which based on relative throughput ratios. Pros and cons are described as follow:
· Pros 
· Avoids the flaw of receiver dependent problem in Rel-8/9 RI testing.
· A good complement to the existing verification framework, as no such test exists at the moment.
· Cons 
· Not well compatible with the existing RI test methodology
· Might be difficult to align results since a wide spread of throughput performance may be given among companies.
· Might be difficult to define a suitable requirement considering implementation margins.
· Might be difficult to distinguish rank adaptation gain from demodulation, CQI and/or PMI gains.
2.3. Minimum Throughput Based Metric
There are two similar solutions for eDL-MIMO RI testing proposed in [2]-[3], but both of them may have some complexity issues. For example it is unknown if it is possible to verify the ratio of the rank-2 reports to the ratio of rank-1 reports since it might be hard to collect all reported RI values. Similar to [2] and [3], here the improved test metric is to choose the minimum throughput of rank-1 and rank-2 as the denominator part of the relative throughput ratio while the numerator part is the throughput of follow-RI. It can be written as:
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The purpose of this metric is to verify that the throughput of follow-RI outperforms the worse fixed-rank to show the rank adaptation gain. Pros and cons are described as follows.
· Pros 
· Minimum changes to Rel-8/9 RI test metric.
· Need no search for specific SNR values.
· Reduce the discrimination of advanced receiver when the throughput of fixed rank-1 is smaller than that of fixed rank-2
· Cons 
· No change to the Rel-8/9 RI test when the throughput of fixed rank-1 is larger than that of fixed rank-2, so receiver dependent RI requirement may still exist.
2.4. Fixed Rank-1 Throughput Based Metric
Advanced receivers which have a better rank-2 performance are discriminated by the current Rel-8/9 RI tests when the denominator part of the relative throughput ratio is rank-2. There was a solution raised that rank-1 throughput is also considered as denominator part of the relative throughput ratio. The following throughput ratio requirement definition is recommended to be also used for all tests:
The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ 
Pros and cons of this metric are described as follows.
· Pros 
· Minimum changes to Rel-8/9 RI tests.
· Avoids receiver dependent shortcomings of Rel-8/9 RI testing.
· Need no search for specific SNR values.
· Cons 
· Suitable minimum performance requirement should be chosen carefully.
3. Conclusion
In this contribution, we have analyzed potential candidate methodologies for eDL-MIMO RI tests in LTE-A, and our slightly preference is as follows:

Proposal: 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 ≥ is also considered for all the eDL-MIMO RI tests.
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