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1 Introduction

In RAN4 #65 meeting, the WF on RLM/RRM measurement of FeICIC was agreed in [1]. For the RLM part, the following items were agreed:

· The PCI of first strongest interfering cell: Colliding CRS with victim cell
· The PCI of second strongest interfering cell: Non-colliding CRS with victim cell
· The SNR deriving methodology in FeICIC RLM shall be similar with what we used in Rel-8 and Rel-10. Extra margin is FFS.
Moreover, some companies provided the initial simulation results for RLM in last meeting [2]-[7]. In this contribution, we continue to give the simulation results for RLM in order to check the Qin and Qout performances. Based on the results of the different companies, we summarize these simulation results and propose the Qin and Qout value for RLM in FeICIC. Based on our previous contribution [2], the additional margin issue for the RLM test case is further discussed. Finally, the SNR values setting for the victim cell in FeICIC RLM test case are proposed according to the simulation results and analysis in this contribution.
2 Discussions
In this section, we mainly focus on the following items:

· Simulation results of DCI-1A and DCI-1C 

· Propose the Qin and Qout value based on the different companies’ simulation results

· Discussion on the additional margin issue and propose SNR values in FeICIC RLM test case
2.1 Simulation Results and Analysis
Based on the agreed WF in [1], only the simulation scenario I was final chosen, i.e., the PCI of the first strongest aggressor cell is collided with the victim cell, and the PCI of the second strongest aggressor cell is not collided with the victim cell. Moreover, based on our previous analysis in [2], it is reasonable to reuse the ABS subframes modelling methodology in R10. Therefore, the simulation scenario can be shown in Figure 1. The key simulation parameters and assumptions can be listed in Table 1 and Table 2.
Table 1  Common simulation assumptions

	Description
	Unit
	Value

	Number of transmit antennas
	
	2

	Number of receive antennas
	
	2

	Propagation model
	
	ETU 30

	System bandwidth 
	MHz
	10

	Measurement bandwidth
	MHz
	10

	Serving cell SNR
	dB
	[-14, 0]
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Figure 1.  The simulation scenario for 2 aggressor cells in RLM of FeICIC
Table 2  Simulation assumptions for time varying interference pattern
	Description
	Unit
	Value

	1st aggressor cell 
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	dB
	4

	2nd aggressor cell 
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	dB
	2

	ABS pattern of 1st aggressor cell
	
	10000000

	ABS pattern of 2nd aggressor cell
	
	10000000

	PCI Colliding of 1st aggressor cell
	
	Colliding:

PCIs mod3 =PCIaggressor 1 mod 3

	PCI Colliding of 2nd aggressor cell
	
	Non-colliding:

PCIs mod3 !=PCIaggressor 2 mod 3

	Timing difference between serving and 1st aggressor cell
	us
	3

	Timing difference between serving and 2nd aggressor cell
	us
	3


For the simulation, the CRS IC algorithm is assumed in the R11 UE. In order to compare the in-sync and out-of-sync performance of Rel-10, the RLM simulation results of eICIC and FeICIC are shown in this section. The comparisons are benefit for the RLM core requirement definition and test cases SNR settings. Figure 1 shows the Rel-10 in-sync (1C) and out-of-sync (1A) performances with 1 dominant interferer without CRS collision. Figure 2 shows the FeICIC in-sync (1C) and out-of-sync (1A) performances under the two options. The simulation results can be summarized in Table 3. 
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Figure 2.  The Rel-10 simulation results on ETU30 (1 interferer, without CRS colliding, no IC)
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Figure 3.  The Rel-11 simulation results on ETU30 (2 interferer, with CRS colliding/non-colliding, with IC)
Table 3  Simulation assumptions for RLM in FeICIC
	Verification point
	Rel-10 eICIC RLM
	R11 FeICIC RLM (1st colliding, 2nd non-colliding)

	Qout (10%)
	-9.1
	-8.3

	Qin (2%)
	-4.3
	-4.3


Based on the table 3, it is obvious to obtain the following observations:

Observation 1: For FeICIC RLM with CRS IC, the Qin value is quite similar with Rel-10 proposed value.
Observation 2: For FeICIC RLM with CRS IC, the Qout value is about 0.8dB higher than Rel-10, i.e., -8.3dB.
Observation 3: The SNR difference between Qout and Qin is approaching 4dB for RLM in FeICIC.

Based on the simulation results of different companies, the Table 4 summarize the different simulation results of different companies, and the average Qin/Qout and the proposed Qin/Qout are also listed in the table.
Table 4  Simulation Results Comparisons with Different Companies
	Company
	Verification point (dB)

	
	Qout (10%)
	Qin (2%)

	Ericsson (Results in [3])
	-7.80
	-3.40

	Qualcomm (Results in [5])
	-7.90
	-3.80

	Renesas (Results in [4])
	-8.79
	-4.61

	LG Electronics (Results in [6])
	-8.56
	-4.24

	ZTE (Results in [7])
	-8.07
	-4.11

	Huawei
	-8.30
	-4.30

	Average Values
	-8.24
	-4.08

	Proposed Values for FeICIC RLM
	[-8.2]
	[-4.1]


Proposal 1: The Qout verification point is proposed to be [-8.2]dB in RLM test of FeICIC.
Proposal 2: The Qin verification point is proposed to be [-4.1]dB in RLM test of FeICIC.
2.2 SNR deriving issue for FeICIC RLM test

Based on proposal 1 and proposal 2, the SNR deriving issue for FeICIC RLM test is discussed in this section. According to the agreed WF in [1]:
· The SNR deriving methodology in FeICIC RLM shall be similar with what we used in Rel-8 and Rel-10. Extra margin is FFS.
For Rel-8, the SNR deriving methodology in RLM is proposed as follows according to [8]:
1. SNR2 = 
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3. SNR4 = 
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4. SNR5 = 
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5. And finally, SNR1 = SNR5.

In the above, 
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 are the averages of verification points from simulation results of different companies for out-of-sync and in-sync PDCCH formats respectively. 
In Rel-10, the eICIC RLM test case utilized the same methodology compared with Rel-8. However, the difference is that, the Rel-8 test is the generic test for both low speed UEs and high speed UEs. Thus, the channel model ETU70 is adopted in Rel-8. In Rel-10, eICIC feature is mainly focus on the UEs with low mobility, then the channel model is changed into ETU30. Since the test environment is changed, the different margins shall be considered in order to guarantee the robustness of the radio link monitoring tests, thus, that extra 0.5 dB margin was proposed in Rel-10. 

For the Rel-11, it is implementation issue for UE that how to do the CRS IC algorithms. Some UEs may cancel 1 dominant interferer, and some UEs may cancel 2 or more dominant interferers. Some UEs are able to cancel the interference based on the CRS assistance information, and some UEs are able to cancel the interference based on blinding detection without CRS assistance information. Therefore, it seems difficult to define the margin here because the different algorithm can lead to the different verification points for Qin and Qout. Therefore, we propose to consider another additional extra X margin here compared with Rel-10, X is within 0~[0.5]dB range. The main target here is trying to make the RLM test case robust for the different UEs. Our preference is that, the X is [0.5]dB, and the Table 5 listed the different margins for the SNR deriving from Rel-8 to Rel-11.

Table 5  The different margin values for deriving SNR values in RLM test
	Scenarios
	Single/Multi-cell
	Interfer Number
	Channel Model
	Margin 1
	Margin 2

	RLM in Rel-8/9
	Single cell
	0
	ETU70
	3
	2.5

	eICIC RLM in Rel-10 
	Two cells
	1
	ETU30
	3.5
	3

	FeICIC RLM in Rel-11
	Three cells
	2
	ETU30
	4 (3.5+X, X=0.5)
	3.5 (3+X, X=0.5)


Proposal 3: The additional margin shall be considered in Rel-11 FeICIC RLM test compared with the Rel-10 RLM margin, the additional margin is proposed to be 0.5dB. 

Proposal 4: The total margin 1 and margin 2 of FeICIC RLM tests are proposed to be 4dB and 3.5dB, respectively.

Based on proposal 3 and proposal 4, the SNR1-SNR5 in FeICIC RLM tests can be obtained in Table 6.
Table 6  The different SNR values for the RLM test cases
	Scenarios
	SNR1(dB)
	SNR2(dB)
	SNR3(dB)
	SNR4(dB)
	SNR5(dB)

	RLM in Rel-8/Rel-9
	-2.3
	-6.2
	-12.2
	-7.3
	-2.3

	eICIC RLM in Rel-10
	-1.3
	-5.4
	-12.4
	-7.3
	-1.3

	FeICIC RLM in Rel-11
	[-0.6]
	[-4.2]
	[-12.2]
	[-7.6]
	[-0.6]


Proposal 5: The SNR1-SNR5 values of FeICIC RLM tests are proposed to be [0.6]dB, [-4.2]dB, [-12.2]dB, [-7.6]dB, [-0.6]dB, respectively.

3 Conclusion

In this contribution, we give the simulation results and summary of the different companies. Moreover, we give some further discussion on the additional margin and SNR deriving issues in FeICIC RLM issues. Based on the simulations and analysis in this paper, we can obtain the following proposals:

Proposal 1: The Qout verification point is proposed to be [-8.2]dB in RLM test of FeICIC.
Proposal 2: The Qin verification point is proposed to be [-4.1]dB in RLM test of FeICIC.
Proposal 3: The additional margin shall be considered in Rel-11 FeICIC RLM test compared with the Rel-10 RLM margin, the additional margin is proposed to be 0.5dB. 

Proposal 4: The total margin 1 and margin 2 of FeICIC RLM tests are proposed to be 4dB and 3.5dB, respectively.

Proposal 5: The SNR1-SNR5 values of FeICIC RLM tests are proposed to be [0.6]dB, [-4.2]dB, [-12.2]dB, [-7.6]dB, [-0.6]dB, respectively.

It is hopeful that we can make some agreements or WF in this meeting in order to continue the test case related work in future RAN4 meetings.
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