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1. Introduction

In RAN4#63 UE performance AH meeting, RI tests on eICIC were discussed extensively. The relevant simulation assumptions were drafted in order to evaluate the test methodology for eICIC RI reporting. In this contribution, we provide the simulation results for evaluating RI tests on ABS and present some proposals based on these results.
2. Discussion
In eICIC CSI reporting, due to the impact of interference model, the reported CSI maybe mismatch the actual situation of link demodulation capability. According to specifications, CQI reporting and RI reporting are enabled simultaneously in RI tests for TM3. Inaccurate CQI will cause the degradation of BLER and absolute throughput. And inaccurate RI will cause the performance of rank adaptation decreases, even lower than fixed RI. Hence, if these foregoing conditions exist, it is very possible that the test results can’t meet Rel-8/9 criterion and the ratio of follow RI and fixed RI may not be suitable as a metric. In that way, the test method and criterion for eICIC RI reporting needs to be re-designed in Rel-10.
For ABS scenarios, interference can’t be recognized on the site of CRS RE and the noise power on the OFDM symbols with CRS is higher than other OFDM symbols. These two factors that impact the accuracy of CSI reporting are interacting during test. The result is reported CQI and RI may be pessimistic or optimistic under a fixed interference level. It depends on the magnitude of interference and noise power. In the simulation assumptions for RI tests, the interference level is set to (EI/Noc1 = 10 dB, EI/Noc2 = 6 dB, Noc3/Noc2 = 3.2 dB). It needs to be verified whether or not the results are still suitable for Rel-8/9 criterion in this setting. So we operate this simulation on ABS. The whole simulation assumptions are shown in Annex and the results are shown as following.
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Figure 1 BLER for fixed RI = 1, low correlation
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Figure 2 BLER for fixed RI = 2, low correlation


Figure 1 and 2 give the BLER for CQI reporting with fixed RI=1 and RI=2, respectively. From the simulation results we can see the BLER for CQI reporting are all between 0 and 15% when either rank-1 or rank-2 is transmitted. This shows that the reported CQI is not overestimated. Most of data using the MCS indicated by these CQI can be demodulated correctly. So the simulation results of RI tests will not be impacted by inaccurate CQI reporting. In other words, RI reporting is not masked by CQI reporting. 
Observation 1: The BLER for CQI reporting is between 0 and 15% when either rank-1 or rank-2 is transmitted. So RI reporting is not masked by CQI reporting.
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Figure 3 Throughput ratio of follow RI and RI=1, 

low correlation
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Figure 4 Throughput ratio of follow RI and RI=2, 

low correlation


Figure 3 and 4 show the ratio of the throughput of follow RI and fixed RI. In figure 3, the ratio is always more than 1 on SNR [0~20] dB. It illustrates the reported RI is not overestimated. The rank indicated by reported RI is less than or equal to the maximum rank of the channel. If not, most of data using optimistic rank adaptation will not be demodulated correctly. And this result is the ratio less than 1. Additionally, from figure 3, the ratio is larger than the ratio in Rel-8/9 on higher SNR e.g. 20 dB. This is because under ABS interference model and level the channel is more suitable for rank-2 transmission in most of time. In figure 4, the ratio that is always more than 1 in all simulation SNR illustrates the reported RI is not underestimated. The throughput gain via follow RI can be reflected, especially in lower SNR e.g. 2 dB. 

Observation 2: The ratio of the throughput of follow RI and fixed RI is always more than 1 in SNR [0~20] dB for both fixed RI=1 and fixed RI=2.The reported RI matches the rank of the channel.
As above, the simulation results for evaluating RI tests on ABS can fulfil Rel-8/9 criterion. Therefore, Rel-8/9 criterion should be re-used for ABS. According to the simulation results, the test point may be set to 2dB for Test 1 and 20 dB for Test 2.
Proposal 1: Re-used Rel-8/9 methodology and criterion for eICIC RI tests on ABS.
Proposal 2: The test point may be set to 2dB for Test 1 and 20 dB for Test 2 on ABS.
In ABS subframes, interference can’t be recognized on the site of CRS RE and the noise power on the OFDM symbols with CRS is higher than other OFDM symbols. So the SINR evaluated on CRS REs is not reliable. Under interference level (EI/Noc1 = 10 dB, EI/Noc2 = 6 dB), RI reporting is able to meet the existing criterion. However, in other interference scenarios, this criterion may not be met. Hence, the results for ABS RI reporting are not stable. In non-ABS subframes, all the REs suffer the consistent level of interference and noise. The interference signals that are generated through TM3 OCNG are white for EPA5 propagation condition. Then, interference can be recognized and the SINR is evaluated correctly by receiver on CRS REs. Hence, RI reporting for non-ABS is significant. We propose to test RI reporting for non-ABS in eICIC.
Proposal 3: Test RI reporting for non-ABS in eICIC.
3. Conclusions
In this contribution, we provide the simulation results for evaluating eICIC RI tests on ABS. According to these results, we give some relevant conclusions:
Observation 1: The BLER for CQI reporting is between 0 and 15% when either rank-1 or rank-2 is transmitted. So RI reporting is not masked by CQI reporting.

Observation 2: The ratio of the throughput of follow RI and fixed RI is always more than 1 in SNR [0~20] dB for both fixed RI=1 and fixed RI=2.The reported RI matches the rank of the channel.

Proposal 1: Re-used Rel-8/9 methodology and criterion for eICIC RI tests on ABS.
Proposal 2: The test point may be set to 2dB for Test 1 and 20 dB for Test 2 on ABS.

Proposal 3: Test RI reporting for non-ABS in eICIC.
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Annex A: Simulation assumptions

The simulation parameters are shown in Table A.1 based on document [1].

Table A.1 simulation assumptions for evaluating eICIC RI tests

	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
	
	a) Low as baseline

	CodeBookSubsetRestriction bitmap
	
	[01 for fixed RI = 1

10 for fixed RI = 2

11 for UE reported RI]

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

	RLM/RRM measurement subframe pattern (serving cell)
	
	[10000000 10000000 10000000 10000000 10000000]

	CSI Subframe Sets (serving cell)
	CCSI,0
	
	Option 1: [11000100 11000000 11000000 11000000 11000000]

	
	CCSI,1
	
	Option 1: [00111011 00111011 00111011 00111011 00111011]

Option 2: [01111111 01111111 01111111 01111111 01111111]

	ABS pattern (interfering cell)
	
	Option 1: [11000100 11000000 11000000 11000000 11000000]

	Maximum number of HARQ transmissions
	
	a) 1 HARQ Tx as baseline

	MCS selection
	
	a) Based on reported CQI as baseline

	Reporting mode
	
	[PUCCH 1-0]

	PUCCH Report Type for wideband CQI
	
	[4]

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	[Npd= 10]

	CQI delay
	ms
	[8]

	Serving cell SNR measured at CRS (ES/Noc2)
	dB
	To be simulated from 0 dB to 20dB in 2 dB steps by interested companies

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