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1 Introduction

In RAN4 #57 meeting, a way forward on candidate TDM patterns for eICIC was proposed in [1]. Moreover, the agreed proposals in #56bis and the candidate patterns for eICIC evaluation were also described in [2]. Followed by [1] and [2], assume that 
· FDD patterns:
F1:  (1/8, 1, ABS),  [ 10000000, … ]
F2:  (2/8, 2, ABS),  [ 11000000, … ]
F3:  (3/20, 1, MBSF), [ 1000010000 1000000000 ]
F4:  (3/8, 1, ABS), [ 11100000, … ]
· TDD patterns:
T1: (1/10, 1), [ 0000000001, …]

T2: (2/10, 2), [ 0000011000, 0000011000]

T3: (2/10, 1, MBSF), [ 0000100001, 0000100001]
Due to the limited length of paper, only the candidate FDD ABS patterns F1/F2/F3/F4 impacts on RLM requirements are discussed and analyzed in detail by link simulation in this contribution. For the TDD ABS patterns T1/T2/T3, the similar conclusions are drawn according to our simulations and analysis.
2 Impacts on RLM Requirements
Based on our previous work in [3], we also take both non-colliding CRS and colliding CRS scenarios into account. The simulation assumptions will be discussed in the next subsection.
2.1  Simulation Assumptions
The simulation parameters are listed in Table 1 and Table 2, respectively. For the common simulation assumptions, the number of transmit antennas for both Macro cell and pico cell is set to be 2. The number of receive antennas for UE is also set to be 2,  each of which is with equal gain and has no correlation between them. Moreover, the maximum ratio combination (MRC) is assumed at the receiver. The ETU70 model is adopted as the propagation model according to the test case in A.7 of TS 36.133 [4]. 
In Macro-pico scenario, the edge pico UE will be impacted by the strong interference from Macro eNB. Therefore, assume 
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of Macro cell set to be -5, 5 and 15dB respectively [4], which simulates the extreme scenarios. 
Table 1  Common simulation assumptions

	Description
	Unit
	Value

	Number of transmit antennas
	
	2

	Number of receive antennas
	
	2

	Propagation model
	
	ETU70

	System bandwidth
	MHz
	10

	Measurement bandwidth
	MHz
	10


Table 2  Simulation assumptions for time varying interference pattern
	Description
	Unit
	Value

	Interfering cell 
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	dB
	-5, 5, 15

	Almost blank subframe pattern of the interfering cell (Macro cell)
	
	F1/F2/F3/F4

	Interfering cell CRS colliding with serving cell CRS
	
	No/Yes

	Timing difference between serving and interfering cell
	us
	3

	Fraction of subframes that are ABSF in measured subframes
	
	100%


According to [4], the UE shall monitor the downlink radio link quality based on the cell-specific reference signal, and estimate the downlink radio link quality and compare it to the thresholds: Qout and Qin. Qout is defined as the link quality corresponding to 10% BLER of a hypothetical PDCCH transmission errors with transmission parameters specified in Table 7.6.1-1 in [4]. The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-2 in [4]. 
2.2  RLM Performance with Non-colliding CRS 
For the RLM performance with non-colliding CRS, the resource-specific scheme is investigated and analyzed. The resource-specific scheme means that the BLER and reporting probability are obtained only by the measurements on ABS subframes with different ABS patterns over the last 200ms or 100ms period. 
Based on the non-colliding CRS assumptions, the BLER performance, Out-of-Sync reporting probability and In-Sync reporting probability under different ABS patterns are shown in Figures 1-6. 
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                   Figure 1. BLER performance on RLM               Figure 2. Out-of-Sync and In-Sync performance on RLM
(ABS patterns: F1/F2/F3/F4, Es/Noc of Macro cell: -5dB, non-colliding CRS)
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                  Figure 3. BLER performance on RLM               Figure 4. Out-of-Sync and In-Sync performance on RLM

 (ABS patterns: F1/F2/F3/F4, Es/Noc of Macro cell: 5dB, non-colliding CRS)
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                  Figure 5. BLER performance on RLM                Figure 6. Out-of-Sync and In-Sync performance on RLM

(ABS patterns: F1/F2/F3/F4, Es/Noc of Macro cell: 15dB, non-colliding CRS)

It can be seen that the investigated performances, including BLER performance, Out-of-Sync (OOS) rate and In-Sync (INS) rate, are not impacted seriously with different ABS patterns when the resource-specific scheme is adopted. For example, in the case of 5dB interference, the 10% OOS threshold occurs at around -8.7dB geometry for F1 pattern while that occurs at around -8.6dB geometry for F2 pattern. Moreover, the 2% in sync threshold occurs at around -5dB geometry for F1 pattern while that occurs at around -4.8dB geometry for F2 pattern. It is also obvious that the 15dB interference case achieves the worst performances, in which all the patterns can not fulfill the INS rate requirements. The simulation results can be summarized in Table 3. 
Table 3.  RLM performance on restricted subframes with non-colliding CRS 
	Research Item
	ABS pattern
	Interference Level (dB)
	ABS pattern
	Interference Level (dB)

	
	
	-5
	5
	15
	
	-5
	5
	15

	Qout
	F1
	-10.4
	-8.7
	-2.2
	F2
	-10.4
	-8.6
	-2.2

	OOS at -12.2dB
	
	>90%
	>90%
	>90%
	
	>90%
	>90%
	>90%

	Qin
	
	-5.8
	-5.0
	1.2
	
	-5.9
	-4.8
	1.3

	INS  at -2.3dB
	
	>90%
	>90%
	0%
	
	>90%
	>90%
	0%

	Qout
	F3
	-10.4
	-8.6
	-2.2
	F4
	-10.4
	-8.7
	-2.2

	OOS at -12.2dB
	
	>90%
	>90%
	>90%
	
	>90%
	>90%
	>90%

	Qin
	
	-6.0
	-4.5
	0.9
	
	-6.0
	-4.8
	1.3

	INS  at -2.3dB
	
	>90%
	>90%
	0%
	
	>90%
	>90%
	0%


Seen from Table 3, we can obtain the following trends based on non-colliding CRS case: 
1. When interference level is smaller than some threshold (for instance 5dB), the impacts of different ABS patterns F1/F2/F3/F4 on RLM performance are very small when the resource-specific scheme is adopted, which can be ignored based on non-colliding CRS case. 
2. When the interference level is larger than 15dB, all the candidate ABS patterns F1/F2/F3/F4 can not fulfill the existing RLM requirements anymore even if the eICIC scheme is adopted.

3. The maximum sufferable interference for the side condition on RLM performances needs to be further studied for non-colliding CRS case.
2.3  RLM Performance with Colliding CRS
The RLM performance under different ABS patterns with colliding CRS on are shown in Figures 7-12.
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Figure 7. BLER performance on RLM               Figure 8. Out-of-Sync and In-Sync performance on RLM

(ABS patterns: F1/F2/F3/F4, Es/Noc of Macro cell: -5dB, colliding CRS)
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Figure 9. BLER performance on RLM               Figure 10. Out-of-Sync and In-Sync performance on RLM

(ABS patterns: F1/F2/F3/F4, Es/Noc of Macro cell: 5dB, colliding CRS)
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Figure 11. BLER performance on RLM               Figure 12. Out-of-Sync and In-Sync performance on RLM

(ABS patterns: F1/F2/F3/F4, Es/Noc of Macro cell: 15dB, colliding CRS)

The simulation results for colliding CRS case under can be summarized in Table 4.
Table 4. RLM performance on restricted subframes with colliding CRS
	Research Item
	ABS pattern
	Interference Level (dB)
	ABS pattern
	Interference Level (dB)

	
	
	-5
	5
	15
	
	-5
	5
	15

	Qout
	F1
	-10.5
	-9.1
	-4.3
	F2
	-10.5
	-9.1
	-4.4

	OOS at -12.2dB
	
	>90%
	>90%
	>90%
	
	>90%
	>90%
	>90%

	Qin
	
	-5.8
	-5.1
	-1.0
	
	-6.0
	-5.1
	-1.2

	INS  at -2.3dB
	
	>90%
	>90%
	0%
	
	>90%
	>90%
	0%

	Qout
	F3
	-10.5
	-10.1
	-7.5
	F4
	-10.5
	-9.1
	-4.4

	OOS at -12.2dB
	
	>90%
	>90%
	>90%
	
	>90%
	>90%
	>90%

	Qin
	
	-6.0
	-5.5
	-3.9
	
	-6.0
	-5.1
	-1.2

	INS  at -2.3dB
	
	>90%
	>90%
	>90%
	
	>90%
	>90%
	0%


Seen from Table 4, we can obtain the other following trends based on colliding CRS case: 

1. The F3 pattern can achieve better RLM performances when the resource-specific scheme is adopted based on colliding CRS case. 
2. When the interference level is larger than 15dB, the candidate ABS patterns F1/F2/F4 can not fulfill the existing RLM requirements anymore even if the eICIC scheme is adopted.

3. The maximum sufferable interference for the side condition on RLM performances needs to be further studied based on colliding CRS case.

According to the conclusions for FDD ABS patterns, the similar trends can be found for the TDD candidate ABS patterns T1/T2/T3 based on the same simulation assumptions. Due to the limited length of paper, we only give the final results for TDD candidate ABS patterns: 

1. When interference level is smaller than some threshold (for instance 5dB), the impacts of different ABS patterns T1/T2/T3 on RLM performance are also very small when the resource-specific scheme is adopted, which can be ignored based on non-colliding CRS case. 
2. When the interference level is larger than 15dB, all the candidate ABS patterns T1/T2/T3 can not fulfill the existing RLM requirements anymore even if the eICIC scheme is adopted based on non-colliding CRS case .

3. The T3 pattern can achieve better RLM performances when the resource-specific scheme is adopted based on colliding CRS case. 
4. When the interference level is larger than 15dB, the candidate ABS patterns T1/T2 can not fulfill the existing RLM requirements anymore even if the eICIC scheme is adopted.

5. The maximum sufferable interference for the side condition on RLM performances needs to be further studied for both non-colliding CRS case and colliding CRS case.

Therefore, taking both the FDD candidate ABS patterns and TDD candidate ABS patterns into account, the following important conclusions can be achieved:
· For non-colliding CRS case:

Proposal 1: The impacts of different ABS patterns F1/F2/F3/F4 and T1/T2/T3 on RLM performance are very small when the resource-specific scheme is adopted based on non-colliding CRS case.
· For colliding CRS case:

Proposal 2: The preferable ABS patterns are F3 and T3, which can achieve better RLM performances when the resource-specific scheme is adopted based on colliding CRS case.
· For RLM requirements:

Proposal 3: Under the case of eICIC, the side condition for RLM needs to be added and further studied taking the RLM requirements into account.
3 Conclusion
In this contribution, we estimated the impacts of different candidate ABS patterns on RLM requirements. Combined with the non-colliding CRS results and colliding CRS results, the following proposals can be achieved:
· For non-colliding CRS case:

Proposal 1: The impacts of different ABS patterns F1/F2/F3/F4 and T1/T2/T3 on RLM performance are very small when the resource-specific scheme is adopted based on non-colliding CRS case.
· For colliding CRS case:

Proposal 2: The preferable ABS patterns are F3/T3, which can achieve better RLM performances when the resource-specific scheme is adopted based on colliding CRS case.
· For RLM requirements:

Proposal 3: Under the case of eICIC, the side conditions for RLM need to be added and further studied taking the RLM requirements into account.
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