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1
Introduction
In the past RAN4 meetings, testing of reporting of rank indicator was discussed [1-5], but there is no agreement reached on the proposals. In this contribution, we remark on the feasibility of the RI reporting tests given in [4] and [5], and propose an alternative approach. 
2 
Discussion
While there is no clear definition about RI in RAN1 specs, it is generally considered as “the number of useful transmission layers” as pointed out in [5]. We interpret “useful” in the throughput sense, which is more sensible from a network system performance point of view. Therefore, throughput shall be one of the measures to define test requirements for RI. However, throughput gain is heavily dependent on the choice of CQI, since incorrect choice of rank can be compensated by an appropriate adjustment of CQI. Therefore, our view is that test proposed in [3] is not sufficient to define the RI test requirements. 

Another consideration for the RI test is that it should be receiver agnostic, while the UE is expected to use channel condition and SNR to choose the RI. Therefore, an artificial channel model which can be controlled to favour either Rank 1 or Rank 2 is inevitable to define RI test requirements. Similar to expected CQI distribution test in AWGN condition, the reported rank distribution by the UE in this artificial channel condition can be used to test whether UE comply with expected behaviour. We think test approach proposed in [4] seems to be in line with this argument, and seems feasible. 
To prevent the UE from passing the test based on SNR and/or aware of channel rank distribution in the test condition, we propose to define RI test based on both RI distribution and throughput gain. In [4], two kinds of artificial channel with changing rank are proposed. We think “Proposal 1” in [5] is simple and adequate for the purpose of changing rank in controllable manner, and adopt in our proposal. For simplicity, we can specify the channel model as follows: 

· During p fraction of test time (chosen randomly), the rank of the channel matrix H is one and H is given by 
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· During (1–p) fraction of time, the rank of the channel matrix H is two, and H is given by 
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Equation 1
One issue with this approach is the channel transient effect. Due to delay (8ms) between UE reporting of RI and eNB applying RI, a burst of errors can occur even when the RI estimation is performed accurately. This can occur when rank 2 transmission is applied to a rank 1 channel. This will influence only the throughput gain test. One approach to mitigate this effect is to increase the channel rank switching period, and thus keeping the channel at fixed rank for longer time. Consequently, this may require longer testing time to collect more statistics. This will help to obtain a higher confidence level of meeting the desired probability p.
Incorporating [4] and [5], and with channel model specified in Equation 1, the requirements can be summarised as: 
a) Distribution based test: the proportion of reporting RI =1 and RI = 2 shall approach the distribution as
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where P{ RI = 1} denotes the  ratio of the times of reporting RI = 1 to the total number of reporting times during the test, and X,Y  are the ratio margins.
b) Throughput based test: define tue to be the throughput obtained when transmitting the transport format indicated by each reported wideband CQI/RI. Define t to be the throughput obtained when transmitting a transport format configured according to the wideband CQI with a fixed  layers configured (=1,2). Then the ratios 
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 (=1,2).
The constants X, Y, 
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The test conditions are summarised below.
Table 1: Test configuration for RI test

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	[10]

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	dB
	-3
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	dB
	-3

	Propagation condition and antenna configuration
	
	[as in Equation 1] 

	Period of random selection of channel matrix
	ms
	[50]

	Precoder
	
	Index 0 for 2 x 2

	SNR
	dB
	[5-10]
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	dB[mW/15kHz]
	[-98]

	
[image: image12.wmf])

(

ˆ

j

or

I


	dB[mW/15kHz]
	[TBD]

	PUCCH Format
	
	[Format 2]

	PUCCH Mode
	
	1-1

	Reporting periodicity (NP)
	ms
	[5]

	RI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	[TBD]

	ri-ConfigurationInd
	
	[TBD]

	Note 1:     Reference measurement channel as per TS 36.213 Section 7.2.3
Note 2:     If the UE reports in an available uplink reporting instance at subframe SF#n based on RI/CQI 
                 estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband 
                 RI/CQI cannot be applied at the eNB downlink before SF#(n+4).


3 
Simulation Results

Figure 1 shows that in our implementation, the proportion of RI=1 reports closely matches the preset probability p (p=0, 0.25, 0.5, 0.75, 1.0), with a slight bias towards RI=1 reports at low SNR as expected in a higher noise environment. The results indicate that there is low sensitivity to SNR when p=0.75, but this may vary among companies. Thus the selection of test points could be based on the combined results from companies. Table 2 shows that throughput ratios for p=0.5 in excess of 1 over both fixed rank 1 and fixed rank 2 are achievable, especially at higher SNR test points. Similarly, the value of p need not be 0.5 and the choice of p could be based on the outcome of future investigations. However, the same value of p should be used for both distribution and throughput tests.
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Figure 1: Proportion of RI=1 reports vs. probability that channel rank is 1
Table 2: Throughput gain ratio (
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	SNR (dB)
	Throughput Ratios

	
	adaptive RI/fixed RI=1 (
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	adaptive RI/fixed RI=2 (
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	0
	1.35
	1.02

	5
	1.32
	1.04

	10
	1.28
	1.17

	15
	1.15
	1.33

	20
	1.27
	1.30


4 
Conclusion

In this contribution, we proposed an alternative approach for the testing of rank reporting, based on a channel that changes between rank 1 and rank 2. The test requirements include both a distribution and throughput gain criterion. We recommend that this test methodology be adopted for RI testing. A possible way forward would be to invite companies to submit results for different values of p and SNR test points. One sample table of requirements would be as shown in Table 3.
Table 3: Sample Minimum Requirement
	
	Test 1
	

	X[%]
	[10]
	

	Y[%]
	[10]
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