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1 Introduction

In the RAN4 #70 meeting, the contribution [1] had raised the issue that current FeICIC RI Test-1 may be not suitable as it would punish the advanced receiver. After online and offline discussion, a way forward [2] was approved, in which RAN4 has identified there is a receiver agnostic problem and agreed to solve it:

· It is identified that there is the receiver agnostic problem for FeICIC RI Test 1:

· For the advanced receiver, the achieved gamma_2 value would be smaller compared to that obtained by using MMSE receiver, which may punish the advanced receiver.
· The similar issue was discussed in Rel-10/11 for RI high correlation Test-3.
· RAN4 agrees to solve this issue and the candidate solutions include:

· Option 1: change the SNR level from 4 dB to X dB for Test 1.

· X may be 2dB or 0dB and other values are not precluded

· Option 2: Adopt the gamma_1 as the test metric for Test 1

· Option 3: Set the antenna correlation as high for test 1.
· Others options are not precluded

· Companies are encouraged to provide further evaluation and proposal on candidate solution with both advanced receiver and baseline receiver in the next meeting.

· Solution is not expected to introduce another receiver agnostic problem which would punish the baseline receiver.

In this contribution, based on analysis and link level simulation, we will discuss the candidate solutions which are suitable to solve this issue listed in [1], and then provide our proposals.
2 Background
In this section, we would like to evaluate this receiver agnostic problem.  The existed FeICIC rank tests 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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	4
	20
	20
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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


Based on the simulation assumptions in section 9.5.4.1 [3], the simulation results for test 1 with MMSE and (R)-ML receiver are provided in Table 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


It could be observed from the above results that:
Observation 1
· With R-ML receiver and existed FeICIC rank tests, 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.
3 Discussion
Based on the online/offline discussion in the last meeting, several candidate solutions and comments are collected in [1]. So in this section, we firstly give the analysis and evaluation to investigate the feasibility of each candidate solution, and then provide our proposals.

· Option 1: change the SNR level from 4 dB to X dB for Test 1.

· X may be 2dB or 0dB and other values are not precluded

· Option 2: Adopt the gamma_1 as the test metric for Test 1

· Option 3: Set the antenna correlation as high for test 1.
3.1 Options 1
Based on the simulation results in table 1, the gama-2 for MMSE and R-ML receive are about 1.12~1.23 within 0dB~2dB SNR region. So if the SNR level be changed from 4dB to 0dB/1dB/2dB, the gama-2 would be suitable for both baseline and advanced receiver. 

Meanwhile, with modified SNR level (0dB or 1dB or 2dB), the power imbalance between serving and strongest interference cell would increase from 8dB to 12dB/11dB/10dB respectively, which would exceed the requirement with FeICIC 9dB CRE. To avoid the issues of increased power imbalance, the interference level could be considered to be reduced simultaneity.
Observation 2
· With changing the SNR level from 4dB to <=2dB, the gama-1 in test 1 would be feasible for both MMSE and R-ML receiver. And meanwhile the power imbalance would be enlarged with lower SNR level.
·  A lower interference level could be considered to avoid the bigger power imbalance.
3.2 Options 2

Based on simulation results in Table 1, the values of gama-1 for MMSE and R-ML receiver are about 0.99 and 1.06. Considering the threshold of gama_1 for test 1 as 0.9, these values are sufficient enough to ensure that adopting the gamma_1 as test metric for test 1 is feasible. 
There are some concerns on option 2 that if the test metric for RANK test 1/2/3 are all gama-1, then the UE which always reports RANK 2 might pass the FeICIC rank test. To verify this issue, we evaluate the throughput ratio of RANK 2 over RANK 1 for FeICIC rank test 1/3. The results are provided in Table 2:

Table 2: Throughput of rank 2 over rank 1 vs. SNR for MMSE and R-ML receiver

	Receivers
	Test cases
	SNR
(dB)
	Throughput ratio of rank 2 over rank 1

	MMSE
	Test 1

4dB SNR, low
	3.00
	0.99 

	
	
	4.00
	0.88 

	
	
	5.00
	0.93 

	
	Test 3

20dB SNR, high
	19.00
	0.81 

	
	
	20.00
	0.81 

	
	
	21.00
	0.73 

	(R)-ML
	Test 1

4dB SNR, low
	3.00
	1.01 

	
	
	4.00
	1.04 

	
	
	5.00
	1.03 

	
	Test 3

20dB SNR, high
	19.00
	1.00 

	
	
	20.00
	1.01 

	
	
	21.00
	0.98 


It could be observed that: 

· With advanced receiver and gama_1=0.9 for test 1, The UE which always reporting rank 2 could pass the FeICIC rank test1/3. 
Observation 3
· With test metric as gamma_1 for test-1, it would be feasible for both baseline and advanced receiver to pass the Test 1. But there would be a risk that the UE which always report RANK 2 is able to pass all the Rank tests, which is not expected.
3.3 Options 3
Simulation results of gamma_2 for test 1 with high antenna correlation are provided in Table 3.
Table 3: Throughput vs. SNR for MMSE and R-ML receiver with high antenna correlation
	Receivers
	SNR
(dB)
	γ2

	
	
	

	MMSE
	3.00
	1.54 

	
	4.00
	1.43 

	
	5.00
	1.42 

	(R)-ML
	3.00
	1.51 

	
	4.00
	1.36 

	
	5.00
	1.32 


It could be observed that: 

· With high antenna correlation, the values of gama_2 for both baseline and advanced receiver would be bigger than 1.3, which means changing antenna correlation as high for test 1 is feasible to resolve this issue.

Observation 4
· With high antenna correlation, it become feasible for baseline and advanced receiver to pass the rank test 1
3.4 Summary
Based on the above observation and analysis, we would prefer option 3, as it could solve this receiver agnostic problem and not involve new issues. So we propose that:

Proposal 1
· RAN4 adopts the solution which change the antenna correlation as high for test 1 as the candidate scheme to solve the receiver agnostic problem
Besides proposed solution, the other solution which could not only resolve the existed receiver agnostic problem but also not introduce new issues is not precluded.
4 Conclusion
In this contribution, we discuss the candidate solutions to solve the proposed receiver agnostic problem in [1]. Based on the evaluation and analysis, the following observations could be got:

Observation 1
· With R-ML receiver and existed FeICIC rank tests, 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.

Observation 2
· With changing the SNR level from 4dB to <=2dB, the gama-1 in test 1 would be feasible for both MMSE and R-ML receiver. And meanwhile the power imbalance would be enlarged with lower SNR level.

·  A lower interference level could be considered to avoid the bigger power imbalance.
Observation 3
· With test metric as gamma_1 for test-1, it would be feasible for both baseline and advanced receiver to pass the Test 1. But there would be a risk that the UE which always report RANK 2 is able to pass all the Rank tests, which is not expected.
Observation 4
· With high antenna correlation, it become feasible for baseline and advanced receiver to pass the rank test 1

Based on the above observation, we propose that:

 Proposal 1
· RAN4 adopts the solution which change the antenna correlation as high for test 1 as the candidate scheme to solve the receiver agnostic problem
Of course, besides the proposed solution, the other solutions which could not only resolve the existed receiver agnostic problem but also not introduce new issues are also now precluded
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