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1. Introduction
The RI test methodology for eDL-MIMO has been discussed for several meetings in RAN4, and no agreement has been reached so far. In this document, current RI test methodologies are further evaluated and based on the discussion, we propose a developed metric following the proposed metric of  from last meeting. 
2. Discussion
Several companies shared their proposals on RI test methodology for eDL-MIMO in contributions [1]-[5]. However, there was no consensus on this issue due to lack of a perfect solution that compromises all the considerations. Hence, we try to give an in-depth analysis on those candidate test methodologies and provide a preferred solution to compromise those proposals.
2.1. Comparison of Current Candidates
First we look at the advantages and disadvantages of current RI test methodology proposals which are summarized briefly in Table 1. 
Table 1 Comparison of Current RI Test Methodology Proposals
	Proposal
	RI Test Methodology
	Advantage
	Disadvantage

	(1)
	Rel-8/9 RI Test Metric
	· No changes.
	· Receiver dependent for .

	(2)
	Receiver Agnostic Metric
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	· Make sure it brings rank adaptation gain and can trace expected envelope.
· Receiver agnostic.
· Easily extended to high order antenna configuration.
	· Invalid metric when the throughput of fixed rank-1 and that of fixed rank-2 are almost similar.

	(3)
	The ratio of the rank-2 reports to the ratio on rank-1 reports should be larger than a prescribed value
	· Show that the UE report correct rank depending on the channel directly.
	· Obvious changes to Rel-8/9 RI test metric: not evaluated by demodulation performance.
· Deviated testing purpose: better ratio ≠ better UE performance in real network.
· Receiver dependent: advanced receiver ideally will have a higher ratio at 0 dB. To compromise the baseline receiver, the requirement will be much relaxed.

	(4)
	Minimum Throughput Based Metric
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	· Minimum changes to Rel-8/9 RI test metric.
· Reduce the discrimination of advanced receiver when the throughput of fixed rank-1 is smaller than that of fixed rank-2
	· No changes to the Rel-8/9 RI test metric when the throughput of fixed rank-1 is larger than that of fixed rank-2, so receiver dependent issue still exist.

	(5)
	Fixed Rank-1 Throughput Based Metric
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	· Minimum changes to Rel-8/9 RI test metric.
· Receiver agnostic: advanced receiver and baseline receiver will most likely have the same TR1 performance.
	· The requirement might be smaller than “1.0”
· Suitable minimum performance requirement should be chosen carefully to guarantee that it is not relaxed compared to Rel-8/9 requirement.


2.2. Receiver Dependent Issue
To illustrate the issue of receiver dependent, we take a look at a demonstration of the performance of different receivers in Rel-8/9 RI test 1. In Figure 1, a sketch of possible simulation curves for baseline receiver and advanced receivers are provided: 

· For rank-1 transmission, mostly baseline receivers and advanced receivers will have very similar performance.
· For rank-2 transmission, in general advanced receivers outperform the baseline receivers, which is also the reason why it is increasingly believed that for 
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 the advanced receivers are discriminated.
According to proposal (4) in Table 1, the denominator part of the relative throughput ratio is the minimum throughput obtained based on fixed rank-1 and fixed rank-2. This metric will relief the discrimination of advanced receiver 2. However advanced receiver 1 is still being discriminated as Rel-8/9 metric. 
Considering the stability of rank 1 performance, it is more preferable to take rank-1 performance as the denominator in order to achieve the fairness. 
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 is thus proposed as the test metric for Rel-10 RI test.
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Figure 1 Throughput curves of different receivers at low SNR region (Rel-8/9 RI test 1)
The only concern raised in last RAN4 meeting with regard to the test metric 
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 is: there is possibility that the requirement of could be smaller than 1.0, which may lead to a “not-so-good looking” performance requirement, even when obvious throughput gain from adaptive RI is observed. This concern is also illustrated in Figure 1:

It should be kept in mind that it is a valid demand that the Rel-10 RI requirements should not be further relaxed than Rel-8/9 RI requirements. That means we should employ assistant requirement in order to make sure the achieved  from the test represents a positive throughput gain.
The compromised solution is proposed in the following section 2.3.
2.3. Proposed Test Methodology of eDL-MIMO RI
As described in section 2.1, each candidate has its own shortcomings, such as receiver dependent issue, invalid metric in some cases or difficulties in defining proper requirements. It is thus difficult to choose a perfect test methodology. Considering that more than one requirement are specified for CQI reporting tests, it is possible to define two restrictive conditions and merge the advantages of different schemes to form a better test methodology for eDL-MIMO RI. 
A merged solution for eDL-MIMO RI test is as follows:
1) The throughput obtained when transmitting based on UE reported RI should be no lower than the minimum throughput of that obtained based on fixed rank-1 and fixed rank-2:
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2) The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥:
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This test methodology merges the proposal and corresponding advantages of proposals (2), (4) and (5) in Table 1. Requirement 1) guarantees positive rank adaptation gain in the RI test; fixed rank-1 throughput considered as the denominator part of the relative throughput ratio makes the RI test receiver agnostic. 
Therefore, we propose that:
Proposal 1: Throughput obtained when transmitting based on UE reported RI should be no lower than the minimum throughput of that obtained based on fixed rank-1 and fixed rank-2.

Proposal 2: The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥.

2.4. RI Test Framework
In this section, we give our viewpoint on test framework for eDL-MIMO RI. The proposed parameters are listed in Table 2.
Table 2 RI Test

	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Downlink power allocation
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	dB
	-3
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	dB
	-3
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	dB
	0

	Propagation condition and antenna configuration
	
	4x2 EPA5

	CodeBookSubsetRestriction bitmap
	
	a0 = 1, a10 = 1 for fixed RI = 1

a16 = 1 for fixed RI = 2

a0 = 1, a10 = 1, a16 = 1 for UE reported RI(Note)

	Antenna correlation
	
	low
	Low
	high

	RI configuration
	
	Fixed RI=1, Fixed RI=2 and follow RI
	Fixed RI=1, Fixed RI=2 and follow RI
	Fixed RI=1, Fixed RI=2 and follow RI

	SNR
	dB
	0
	20
	20
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	dB[mW/15kHz]
	-98
	-98
	-98

	
[image: image14.wmf])

(

ˆ

j

or

I


	dB[mW/15kHz]
	-98
	-78
	-78

	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUCCH 1-1

	Physical channel for CQI/PMI reporting
	
	PUCCH Format 2

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUSCH

	PUCCH Report Type for RI
	
	3

	Reporting periodicity
	ms
	NP = 5

	PMI and CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	6

	ri-ConfigurationInd
	
	1

	Cell-specific reference signals
	
	Antenna port 0

	CSI reference signals
	
	Antenna port 15-16

	CSI-RS SubframeConfig
	
	0

	CSI-RS reference signal configuration
	
	0

	Note: Bit ai is associated with the precoder for 4 antenna ports in Section 7.2 of [6].


Proposal 3: Table 2 for RI test setup is considered when discussing the eDL-MIMO RI tests.
3. Conclusion
In this contribution, we have analyzed potential candidate methodologies for eDL-MIMO RI tests in LTE-A, and our proposals are as follow:

Proposal 1: The throughput obtained when transmitting based on UE reported RI should be no lower than the minimum throughput of that obtained based on fixed rank-1 and fixed rank-2.

Proposal 2: The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥.

Proposal 3: Table 2 for RI test setup is considered when discussing the eDL-MIMO RI tests.
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