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1 Introduction

In RAN4 #57 meeting, a way forward on candidate TDM patterns for eICIC was proposed in [1], and both RRM and RLM requirements should be investigated under the different ABS patterns. In the latest RAN4 #57AH meeting, a lot of contributions focused on the RRM and RLM requirements with normal ABS patterns and MBSFN/ABS pattern. Based on the online and offline discussion in the last meeting, some agreements were achieved in [2]. For the RLM aspect, the following important agreements were yielded

· Generic requirements are same for non-MBSFN-ABS and MBSFN-ABS
· For link level performance
· Colliding CRS is precluded for non-MBSFN-ABS
· Colliding CRS in ABS+MBSFN is to be investigated
· RLM thresholds for Qin and Qout should be maintained (10% and 2%)
· Working assumptions for link level performance evaluation:
· Serving cell SNR between -14 to 0 dB as in Rel-9
· Interfering cell SNR = 0 to 10 (5) dB
· Above side conditions can be revisited depending on further system/link level simulations.
Furthermore, the RLM simulation assumptions for eICIC in the next step were also achieved in [3], which was recommended to check whether or not simulator could provide simulation results comparable to the R8 baseline performance for single cell scenario. Actually, these simulation assumptions were nearly the same as our previous contributions on RLM requirements in [4] and [5]. Therefore, based on [2]-[5], in this contribution, we give our further researches on RLM requirements following the agreements in RAN4 #57AH strictly, and we want to check which way is available from RLM perspective, i.e., 

· Reuse existing RLM measurement requirements
· Define new RLM measurement requirements

2 RLM Simulations and Discussion
Based on simulation assumptions in [3], we take all the simulation cases into account, i.e., from RLM1-1 to RLM4-4. 
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. Both AWGN and ETU70 model are adopted as the propagation model according to [3]. 
In Macro-pico scenario, the edge pico UE will be impacted by the strong interference from Macro eNB. Based on [2] and [3], assume 
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of Macro cell set to be 0, 5 and 10dB. 
Table 1  Common simulation assumptions

	Description
	Unit
	Value

	Number of transmit antennas
	
	2

	Number of receive antennas
	
	2

	Propagation model
	
	AWGN/

ETU70

	System bandwidth
	MHz
	10

	Measurement bandwidth
	MHz
	10

	Serving cell SNR
	dB
	[-14, 0]


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

	Interfering cell 
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	dB
	0, 5, 10

	Almost blank subframe pattern of the interfering cell 
	
	Note1

	Interfering cell CRS colliding with serving cell CRS
	
	No/Yes (Note2)

	Timing difference between serving and interfering cell
	us
	3

	Fraction of subframes that are ABSF in measured subframes
	
	100%

	Note 1: In previous contribution [5], when interference level is smaller than some threshold, the impacts of different ABS patterns F1/F2/F3/F4 (1/8, 2/8, 3/20, 3/8) on RLM performance are very small when the resource-specific scheme is adopted, which can be ignored based on non-colliding CRS case. Herein, in this contribution, only the F2 (2/8) ABS pattern is simulated for simplification. But this does not indicate the ABS pattern choice.
Note 2: For non CRS colliding case, the 2/8 ABS pattern is utilized. For CRS colliding case, the 3/20 MBSFN/ABS pattern is utilized.


According to [6], 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 [6]. 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 with transmission parameters specified in Table 7.6.1-2 in [6]. 
For the other simulation assumptions and parameters, they can be referred from [3] in detail. In the next subsections, we discuss and analyze the RLM requirements on BLER performances and Out-of-Sync (OOS) and In-Sync (INS) rate under four cases, i.e., 
Case 1: ABS (non CRS colliding) w/ PCFICH decoding, contains RLM1-1, RLM2-1, RLM3-1, RLM4-1 in [3].

Case 2: ABS (non CRS colliding) w/o PCFICH decoding, contains RLM1-2, RLM2-2, RLM3-2, RLM4-2 in [3].

Case 3: MBSFN/ABS (CRS colliding) w/ PCFICH decoding, contains RLM1-3, RLM2-3, RLM3-3, RLM4-3 in [3].

Case 4: MBSFN/ABS (CRS colliding) w/o PCFICH decoding, contains RLM 1-4, RLM2-4, RLM3-4, RLM4-4 in [3].
2.1   Case 1: ABS (non CRS colliding) w/ PCFICH decoding
In this case, assume that there is no CRS collision between the interference cell and the serving cell, and the radio link monitoring is measured on the ABSs. Moreover, the CFI is set to be 2, which needs PCFICH decoding according to the simulation assumptions in [3]. The BLER performances and Out-of-Sync (OOS) and In-Sync (INS) rate of Case 1 are shown in Figures 1-4.
· AWGN channel:
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Figure 1.  BLER performance of RLM1-1/2-1
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Figure 2. OOS and INS performance of RLM1-1/2-1
· ETU70 channel:
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Figure 3. BLER performance of RLM3-1/4-1
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Figure 4. OOS and INS performance of RLM3-1/4-1

2.2   Case 2: ABS (non CRS colliding) w/o PCFICH decoding
Similar with Case 1, assume that there is no CRS collision between the interference cell and the serving cell in Case 2, and the radio link monitoring is measured on the ABSs. The difference is that the CFI is set to be 3, which does not need PCFICH decoding according to the simulation assumptions in [3]. The BLER performances and Out-of-Sync (OOS) and In-Sync (INS) rate of Case 2 are shown in Figures 5-8.
· AWGN channel:
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Figure 5. BLER performance of RLM1-2/2-2
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Figure 6. OOS and INS performance of RLM1-2/2-2
· ETU70 channel:
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Figure 7.  BLER performance of RLM3-2/4-2
[image: image10.emf]-14 -12 -10 -8 -6 -4 -2 0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Serving Cell Geometry

Probability

RLM Performance on Normal ABS, ETU70, CFI: 3

 

 

OOS rate(0dB)

INS rate(0dB)

OOS rate(5dB)

INS rate(5dB)

OOS rate(10dB)

INS rate(10dB)


Figure 8. OOS and INS performance of RLM3-2/4-2
2.3   Case 3: MBSFN/ABS (CRS colliding) w/ PCFICH decoding
Assume that there is CRS collision between the interference cell and the serving cell, and only the MBSFN/ABS pattern should be considered in Case 3. Moreover, the difference is that the CFI is set to be 2. The BLER performances and Out-of-Sync (OOS) and In-Sync (INS) rate of Case 3 are shown in Figures 9-12.
· AWGN channel:
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Figure 9.  BLER performance of RLM1-3/2-3
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Figure 10. OOS and INS performance of RLM1-3/2-3
· ETU70 channel:
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Figure 11.  BLER performance of RLM3-3/4-3
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Figure 12. OOS and INS performance of RLM3-3/4-3
2.4   Case 4: MBSFN/ABS (CRS colliding) w/o PCFICH decoding
Similar with Case 3, assume that there is CRS collision between the interference cell and the serving cell in Case 4, and only the MBSFN/ABS pattern should be considered in this case. Moreover, the CFI is set to be 3. The BLER performances and Out-of-Sync (OOS) and In-Sync (INS) rate of Case 3 are shown in Figures 13-16.
· AWGN channel:
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Figure 13. BLER performance of RLM1-4/2-4
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Figure 14. OOS and INS performance of RLM1-4/2-4
· ETU70 channel:
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Figure 15. BLER performance of RLM3-4/4-4
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Figure 16. OOS and INS performance of RLM3-4/4-4
Based on all the figures of different cases, the simulation results can be summarized in Table 3 and Table 4. 
Table 3   RLM performance under AWGN channel for different cases
	Research Item
	RLM Cases
	Interference Level (dB)
	RLM Cases
	Interference Level (dB)

	
	
	0
	5
	10
	
	0
	5
	10

	Qout
	RLM1-1
RLM2-1
	-11.1
	-9.1
	-5.8
	RLM1-2

RLM2-2
	-11.2
	-9.3
	-6.1

	OOS at -13.5dB
	
	>90%
	>90%
	>90%
	
	>90%
	>90%
	>90%

	Qin
	
	-6.4
	-5.1
	-2.4
	
	-6.4
	-5.1
	-2.4

	INS  at -4.7dB
	
	>90%
	>90%
	0%
	
	>90%
	>90%
	0%

	Qout
	RLM1-3

RLM2-3
	-12.3
	-12.1
	-11.3
	RLM1-4

RLM2-4
	-12.3
	-12.1
	-11.4

	OOS at -13.5dB
	
	>90%
	>90%
	>90%
	
	>90%
	>90%
	>90%

	Qin
	
	-7.2
	-7.1
	-7.0
	
	-7.3
	-7.2
	-7.0

	INS  at -4.7dB
	
	>90%
	>90%
	>90%
	
	>90%
	>90%
	>90%


Table 4  RLM performance under ETU70 channel for different cases
	Research Item
	RLM Cases
	Interference Level (dB)
	RLM Cases
	Interference Level (dB)

	
	
	0
	5
	10
	
	0
	5
	10

	Qout
	RLM3-1

RLM4-1
	-10.0
	-8.7
	-6.1
	RLM3-2

RLM4-2
	-10.0
	-9.1
	-6.9

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

	Qin
	
	-5.4
	-4.6
	-2.6
	
	-5.4
	-4.7
	-2.9

	INS  at -2.3dB
	
	>90%
	>90%
	70%
	
	>90%
	>90%
	70%

	Qout
	RLM3-3

RLM4-3
	-10.5
	-10.1
	-9.2
	RLM3-4

RLM4-4
	-10.6
	-10.2
	-9.3

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

	Qin
	
	-6.0
	-5.6
	-5.1
	
	-6.0
	-5.8
	-5.1

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


Based on the simulations, we can obtain the following trends:

1. It is obvious that the system can achieve better RLM performances under AWGN channel model than that under ETU70 channel model. 

2. The number of CFI has little impacts on the RLM performance based on the simulation assumptions. The case with PCFICH decoding when CFI is 2, obtains nearly the same performance compared with the case without PCFICH decoding when CFI is 3.
3. For the generic requirements, the MBSFN/ABS pattern can achieve the good performance even if it is under the CRS colliding case, which can fulfill the existing RLM requirement. Therefore, the generic side condition for both non-MBSFN-ABS and MBSFN-ABS cases can be defined according to the simulations results from non-MBSFN-ABS under non-CRS colliding scenario.
4. When the interference level is 10dB, the non-MBSFN-ABS can not satisfy the existing RLM requirements according to R8 and R9, although the INS rate is approaching 90%. Therefore, the available generic side condition for interference level can be set as 5dB taking some implementation margin into account. 

According to these results, we think that, if the existing Rel-8/9 RLM measurement requirement can be reused, the interference level for the aggressor cell should be defined and limited. However, we do not exclude the other way, i.e., to define new RLM requirement, e.g., extend the measurement period for RLM with or without interference level constrains. Therefore, according to the simulation results and our analysis, we can provide the following options:
Option 1:
· Reuse existing Rel-8/9 RLM measurement requirements
· The interference level for aggressor cell should be defined and limited.

· Taking implementation margin into account, the sufferable interference level can be set as 5dB for eICIC from RLM perspective.
Option 2:
· Define new RLM measurement requirements

· If the new RLM requirements are defined, whether the interference level needs to be constrained, should be further studied.

3 Conclusion
In this contribution, we estimated the impacts of different cases on RLM requirements according to the agreements in RAN4 #57AH meeting. The following proposal can be achieved:
Proposal:
Option 1:
· Reuse existing Rel-8/9 RLM measurement requirements
· The interference level for aggressor cell should be defined and limited.

· Taking implementation margin into account, the sufferable interference level can be set as 5dB for eICIC from RLM perspective.

Option 2:
· Define new RLM measurement requirements

· If the new RLM requirements are defined, whether the interference level needs to be constrained, should be further studied.
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