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1
Introduction
In the last meeting (RAN4 #64), RAN4 discussed the test framework for eICIC RI reporting and decided to adopt RI Test 2 only and leave Test 1 for further study. One issue found in adopting Test 1 for eICIC RI test was that gamma value is small and unstable as shown in simulation results by some companies. In this contribution, we study solution options to stabilize the Test 1.
2
RI reporting test on ABS 
The purpose of RI test is to verify that the reported RI accurately represents the channel rank. The CQI is calculated adaptively based on the reported RI, and then corresponding MCS is chosen for transmission. Therefore, to evaluate the feasibility of the RI test framework, we need to investigate whether reported CQI-based MCS matches the PDSCH demodulation performance of around 10% BLER, otherwise the accuracy of reported RI could be hidden by inaccurate CQI reports. Especially when testing on ABS in eICIC scenarios, two factors should be taken into consideration for accurate CQI reporting: i) no CRS interference cancellation due to non-colliding CRS assumption and ii) different interference noise levels between Noc1 and Noc2.
In RAN4 #64, interested companies proposed RI test frameworks on ABS after evaluating CQI mismatch effects. Most of the companies proposed to use legacy Rel-8/9 Test 1 (low SNR, low correlation) for rank 1 adaptation and Test 2 (high SNR, low correlation) for rank 2 adaptation [1]. Test 3 (high SNR, high correlation) is not introduced due to issues like CQI report mismatch and demodulation performance. However, one issue was raised on the stability of Test 1. Simulation results by some companies showed that relative throughput gain (
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) in Test 1 is small and unstable, making it difficult to set a meaningful requirement based on the relative throughput gain.
In this contribution, we study possible solution options to stabilize the Test 1. Next section presents simulation results for several solution options to find the possibility of stabilizing the test.
3
Simulation results 

We use simulation assumptions given in the following:

Table 1 Simulation assumptions

	Parameter
	Unit
	Test

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	3

	Downlink power allocation
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	dB
	-3
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	dB
	-3

	Propagation condition and antenna configuration
	
	2 x 2 EPA5 in serving and interfering cell

	Antenna correlation
	
	Low

	CodeBookSubsetRestriction bitmap
	
	[01 for fixed RI = 1

10 for fixed RI = 2

11 for UE reported RI]

	RI configuration
	
	Fixed RI = 2 and follow RI

	CSI Subframe Sets (serving cell)
	CCSI,0
	
	[11000100 11000000 11000000 11000000 11000000]

	
	CCSI,1
	
	[00111011 00111011 00111011 00111011 00111011]

	ABS pattern (interfering cell)
	
	[11000100 11000000 11000000 11000000 11000000]

	Maximum number of HARQ transmissions
	
	1 or 4

	MCS selection
	
	Based on reported CQI, CQI+1 and CQI-1

	Reporting mode
	
	[PUCCH 1-0]

	PUCCH Report Type for wideband CQI
	
	[4]

	PUCCH Report Type for RI
	
	3

	CQI delay
	ms
	[8]

	Serving cell SNR measured at CRS (ES/Noc2)
	dB
	0 dB to 20dB in 2 dB steps

	Interference Settings
	dB
	EI/Noc1 = 10 dB, EI/Noc2 = 6 dB, Noc3/Noc2 = 3.2 dB


We test RI reporting for open-loop spatial multiplexing (TM3) and transmit diversity is used as a fallback option for RI=1. Interference settings are the same as those used for PDSCH demodulation tests on ABS.
BLER performance for fixed RI=2 and follow RI and 
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 for Test 1 are repeated from our previous contribution [2] in Figure 1. It is observed that the BLER performance is in the order of 10% which is quite acceptable. So CQI mismatch is not a concern in this setting except for 2dB. However, 
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 at low SNR points is unstable and even lower than 1. Thus, Test 1 is not a good test framework and needs to be studied further to make it a more stable test.
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Figure 1 BLER and throughput gain for low correlation

In the following subsections, we search for possible solutions to stabilize the Test 1.
3.1
HARQ retransmissions
We consider HARQ retransmissions for a possible solution for stabilizing Test 1. Figure 2 shows the BLER performance and 
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 with 4 HARQ. Compared to the results in Figure 1, BLER performance enhanced because of the retransmission scheme. As for
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, 
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 is increased especially at low SNR points because BLER for Follow RI improved, e.g., at 2dB. Still, 
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 is not stable enough to set a performance requirement.
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Figure 2 BLER and throughput gain with 4 HARQ
3.2
CQI biasing
We also consider CQI biasing, i.e., using CQI +/- 1 instead reported CQI. Figure 3 compares BLER for fixed RI=2 and follow RI scheme when using CQI, CQI+1, and CQI-1. As expected, BLER is very high when using CQI+1, while very low for CQI-1. For throughput gain, 
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 is highest and most stable with CQI-1 at low SNR points. This is because when BLER is very low, its effect on the throughput is also low, which means 
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 becomes more stable. We observed from Figure 1 that when the BLER for follow RI is high, especially at 2dB, 
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 is the lowest among SNR test points.
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Figure 3 BLER with CQI biasing
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Figure 4 Throughput gain with CQI biasing
3.3
MBSFN ABS
We also consider testing RI reporting on MBSFN ABS. Colliding CRS is assumed for all tests in MBSFN ABS configuration. On MBSFN ABS, only the CRSs in the first OFDM symbol are interfered by the CRSs of aggressor cell in the non-MBSFN region and data REs will not be impacted by the interference. Thus, BLER performance will be improved compared to non-MBSFN ABS cases. And here we also apply CQI biasing (CQI+1) not to make BLER too low. Figure 5 shows BLER and 
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 for RI test on MBSFN ABS with CQI biasing. The throughput gain 
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 is always higher than 1 at low SNR points, but it is hard to say 
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 is stable enough. 
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Figure 5 BLER and throughput gain on MBSFN ABS with CQI biasing
Generally, we observe from above simulation results that 
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 becomes more stable when BLER becomes low. However, in our view, the test is still not stable enough to adopt Test 1 for eICIC RI tests. 
4
Conclusion
In this contribution, further study on test framework for RI reporting in eICIC is carried out to find solutions to stabilize the Test 1. The following conclusions can be drawn from simulation results:
Observation 1: 
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 is not stable even with some options like, HARQ retransmissions, CQI biasing and MBSFN.
Proposal 1: Test 1 is not introduced for eICIC RI test.
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