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1. Introduction

In RAN4 #63 meeting, it was agreed that eICIC RI test on non-MBSFN ABS would be discussed in TEI 11 and introduced in Rel-10 [1]. In this contribution, we share our views on RI test for eICIC.
2. RI test
For eICIC RI test, the following issues had been discussed [2]-[7]:
· Interference model 
· Test framework and test cases selection

· CQI mismatch

In the following subsection, we will further discuss above issues.
2.1 Interference model 
In CQI definition test, two interference models (Alternative 1 and Alternative 3 in [8]) have been mentioned:

· Alternative 1: (two levels with Es/Noc1=[10] dB and Es/Noc2=[6] dB) 

· Alternative 3: (single level with Es/Noc = [6, 8, 10] dB)
In [3], it had been analyzed that neither of above alternatives could be receiver agonistic. For Alternative 1, CRS-IC receiver may result in serious CQI mismatch. For Alternative 3, LMMSE and MMSE-IRC receiver could not report accurate CQI. Considering that Alternative 1 has been applied in demodulation test and CQI tests, it seems reasonable to reuse Alternative 1 for RI test. It is noted that RI test should not punish any type of receiver, and the requirement should be defined with the worst performance. 
Proposal 1: Reuse Alternative 1 as interference model for RI test.

Proposal 2: RI test should not punish advanced receiver, i.e., either advanced receiver or normal receiver should be evaluated and the worse performance should be used to define the requirements.
2.2 Test framework and test cases selection

In Rel-8/Rel-9, 3 tests were introduced to evaluate TM4 rank adaptive performance. Test 1 and Test 2 are used to check whether UE reports the appropriate RI in extreme SNRs under low correlation propagation conditions. Test 3 is used to preclude the poor UE which conduct RI prediction only based on SNR. With the introduction of rank 2 transmission in ABS for eICIC, RI tests seem to be essential to guarantee total capacity of the networks. 
The test purpose of eICIC RI test should be similar with Rel-8/Rel-9. Most companies agree that the framework can follow Rel-8/Rel-9 RI test as much as possible. Test 1 and Test 2 are necessary to check RI reporting accuracy. Regarding Test 3, some companies had concern that it might take long time to discuss the test metric, just as eDL-MIMO activities did. However, without Test 3, the poor UE may pass RI test easily through SNR value rather than RI selection, and this will jeopardize the eICIC RI test. So it seems necessary to introduce Test 3 in eICIC RI test too.
As for test metric, it is reasonable to reuse Rel-8/Rel-9 test metric for Test 1 and Test 2. For Test 3, in eDL-MIMO, it is proposed to use 1=follow RI/fixed RI=1 as test metric in order to avoid punishing the advanced receiver. In eICIC, it is anticipated that the advanced receiver issue is similar with that of eDL-MIMO. The main difference between them is the additional CRS interference from explicitly modelled Macro cell. Considering that follow-RI has a large possibility to select rank 1 for Test3, the CRS interference or CQI mismatch would has very similar impacts on the follow-RI and fixed rank-1 throughput. So we still expect the noticeable gain of 1 for Test3. As a result, 1 could be defined as test metric for Test 3.

Proposal 3: Test 1, Test 2 and Test 3 are suggested to be introduced into the eICIC RI test.
Proposal 4: Reuse Rel-8/Rel-9 test metric for Test 1 and Test 2, and use 1 as test metric for Test 3.
2.3 CQI mismatch
In CQI definition test, BLER criterion in ABS is not introduced since it is not a reliable test metric under all the SNR-s. Moreover, BLER criterion in ABS can not reach the goal of receiver agnostic. This may cause a problem that reported CQI in ABS can not reflect realistic SINR, and this CQI mismatch may affect the accuracy of reported RI. In [6], it is proposed to allow (non-adaptive) HARQ retransmissions to mitigate the impact of CQI mismatch in RI test. However, this opinion may introduce retransmission gain during the test.

Figure 1~Figure 2 depict the BLER performance of the first HARQ transmission for fixed rank 1 and rank 2. Simulation assumptions are shown in appendix. Alternative 1 interference model is used and both LMMSE and CRS-IC receiver are taken into consideration.
[image: image1.emf]-5 0 5 10 15 20 25

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Es/Noc2(dB)

BLER

BLER of 1st HARQ with fixed rank=1

 

 

LMMSE receiver

IC receiver


Figure 1 BLER performance of the first HARQ transmission for fixed rank 1
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Figure 2 BLER performance of the first HARQ transmission for fixed rank 2
Observation: In Figure 1, it can be seen that the BLER performance for LMMSE receiver is in the range of [0, 0.36] except 16dB test point. For CRS-IC receiver, BLER performance is limited in the range of [0, 0.11] except 16dB test point. In Figure 2, it can be observed that the BLER performance for LMMSE receiver is in the range of [0, 0.34] except 24dB test point. For CRS-IC receiver, BLER performance is limited in the range of [0, 0.23] except 24dB test point.

For Test 1, if we follow the same framework and the same test point of Rel-8/9, the test metric is the throughput ratio of follow RI and Fixed RI=2. Since follow-RI has large possibility to select rank 1 at lower SNR test point, the BLER performance of fixed rank 1 could reflect the BLER performance of following RI to some extent. From above simulation results, it is observed that the BLER performances of fixed rank 1 and fixed rank 2 for LMMSE receiver and CRS-IC receiver, for example at 0dB, are about [0.34, 0.16] and [0.06, 0.06] separately. We think the extent of CQI mismatch could be accepted although it may impact the final value of minimum requirement under the assumed interference levels (Alternative 1, 10dB and 6dB). The similar analysis can also be applied for Test 2. Regarding Test 3, the value of 1 might not be seriously impacted by CQI mismatch if 1 is set as test metric, since the mismatch affects the nominator and denominator simultaneously.
Observation: Under interference model of Alternative 1 with Es/Noc1=[10] dB and Es/Noc2=[6] dB, the extent of CQI mismatch could be accepted although it may impact the final value of minimum requirement.
For other interference combination, the performance of RI adaptation needs more study if needed.

3. Proposals
In this contribution, RI test is discussed, proposed proposals are summarized below:

Proposal 1: Reuse Alternative 1 as interference model for RI test.

Proposal 2: RI test should not punish advanced receiver, i.e., either advanced receiver or normal receiver should be evaluated and the worse performance should be used to define the requirements.
Proposal 3: Test 1, Test 2 and Test 3 are suggested to be introduced into the eICIC RI test.
Proposal 4: Reuse Rel-8/Rel-9 test metric for Test 1 and Test 2, and use 1 as test metric for Test 3.
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Appendix: Simulation assumptions for fixed rank1 and rank2

	Parameter
	　Value

	System bandwidth
	10 MHz

	Cyclic prefix
	Normal

	Transmission mode
	3

	Number of OFDM symbols for PDCCH
	3 symbols per subframe

	Antenna configuration
	2x2 

	Propagation channel
	Fixed rank1 : EPA5, low correlation for both operating cell and interfering cell;

Fixed rank 2: EPA5, low correlation for both operating cell and interfering cell;

	EVM error 
	6%

	ABS pattern 
	[01010101, 01010101, 01010101, 01010101, 01010101]

	Interference model
	Es/Noc1=10 dB, Es/Noc2=6 dB

	Interfering cell configuration
	Non-MBFSN ABS with non-colliding RS



