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1 Introduction

In RAN4 #68bis and #69 meeting, the CRs for FeICIC rank reporting tests were agreed in [1] and [2]. The corresponding requirements are specified in section 9.5.4 [3], shown as follows.
Table 9.5.4.1-2 Minimum requirement (FDD)

	
	Test 1
	Test 2
	Test 3
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for Cell 1 (dB)
	4
	20
	20

	
[image: image2.wmf])

(

ˆ

j

or

I

for Cell 1 (dB[mW/15kHz])
	-94
	-78
	-78

	Antenna correlation
	Low for Cell 1, Cell 2 and Cell 3
	Low for Cell 1, Cell 2 and Cell 3
	High for Cell 1, low for Cell 2 and Cell 3

	1
	N/A
	1.05
	0.9

	2
	1
	N/A
	N/A

	UE Category
	2-8
	2-8
	2-8


But after further checking, we found that Test 1at 4dB SNR with test metric of gamma_2 equal to or larger than 1 may punish the advanced receiver. Under the low correlation channel and at 4dB SNR, the performance with rank-2 may be greatly improved by the advanced receivers (e.g., R-ML) compared to MMSE receiver, and UE may report rank=2 more frequently than rank=1. In that way, the gain of following RI over fixed RI=1 will increase, while the gain of following RI over fixed RI=2 will decrease and become marginal.
Therefore, gamma_2 would not be suitable as the test metric to Test 1, because when the advanced receiver was used the gamma_2 value would be smaller compared to the value obtained by using MMSE receiver, which would not benefit to the verification of the good UE implementation. Moreover, by using gamma_2, the available margin for the advanced receiver would be limited.
And the similar issue was discussed in Rel-10/11 for high correlation Test-3. As a result the test metric was changed from gamma_2 to gamma_1.

Based on the above reasons, in this contribution we firstly evaluate the performance with advanced receivers, and then provide our analysis and proposals on this issue.
2 Discussion
Based on the assumptions of FeICIC rank test defined in section 9.5.4.1 [3], we provide the evaluation results for Test 1 with MMSE and (R)-ML receiver.  The simulation results are shown in Table 1 and Figure 1.
Table 1: Throughput and BLER vs. SNR for MMSE and R-ML receiver

	Receivers
	SNR
(dB)
	γ1
	γ2

	
	
	
	

	MMSE
	-1.00
	1.03
	1.18

	
	0.00
	1.00
	1.20

	
	1.00
	1.02
	1.15

	
	2.00
	1.10
	1.12

	
	3.00
	1.01
	1.02

	
	4.00
	0.99
	1.12

	
	5.00
	0.93
	1.00

	(R)-ML
	-1.00
	1.02
	1.22

	
	0.00
	1.00
	1.23

	
	1.00
	1.00
	1.13

	
	2.00
	1.10
	1.12

	
	3.00
	1.03
	1.02

	
	4.00
	1.06
	1.01

	
	5.00
	1.01
	0.98
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Figure 1 the values of Gama-1 and Gama-2 for FeICIC RANK test 1
Based on the above simulation results, it is observed that:
· It is easy for MMSE receiver to pass Test 1, since its gamma_2 for Test 1 is 1.12; 
· The available margin for R-ML receiver in Test 1 is small (gamma_2=1.01) such that there is a risk that R-ML receiver would fail the Test 1 although the rank-2 performance was significantly improved when the uncertainty existed during the test.
· On the other hand, the performance of gamma_1 by using R-ML receiver improves compared to MMSE receiver.
There would be two reasons for this issue:
· Compared to Rel-8/9/10 rank requirements, the SNR test point for Test 1 increase from 0dB to 4dB. It is observed from Figure 1 that at 0dB there is no issue.

· Compared to eICIC where 4dB is used for Test1 (because 0dB will lead to very large SINR considering explicitly modelled strong interference), CRS-IC will be required which improves the rank-2 demodulation performance greatly.
Therefore we have two alternative proposals to perfect the Test 1:
· Proposal: two alternative options are proposed to solve the issue that Test 1 may punish the advanced receiver

· Option 1: Set the SNR level as 0dB for test 1.
· Option 2: Adopt the gamma-1 as the test metric for test 1, i.e., gamma_1 ≥ 0.95.

We prefer Option 2, since using Option 1 the SIR of the serving cell will become very large.

3 Conclusion
In this paper, we provide the evaluation and analysis on the “advanced receiver punishment” issue for Test 1 of the FeICIC rank tests.
To solve this issue, we propose that:
· Proposal: two alternative options are proposed to solve the issue that Test 1 may punish the advanced receiver

· Option 1: Set the SNR level as 0dB for test 1.

· Option 2: Adopt the gamma-1 as the test metric for test 1, i.e., gamma_1 ≥ 0.95.

We prefer Option 2, since using Option 1 the SIR of the serving cell will become very large.
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