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1 Introduction
In Rel-10, the time domain ICIC scheme is used to help protect resources from suffering strong inter-cell interference for the heterogeneous network. In RAN #51 meeting, one further enhancement WI, entitled as Further Enhanced Non-CA Based ICIC for LTE was agreed on top of the time domain ICIC in Rel-10 [1]. As mentioned in this WID, before going to the detailed discussion about particular enhanced schemes, one objective should be fulfilled firstly: 
· Based on system performance gains, RAN1 to first identify the scenarios for which UE performance requirements in the following two bullets will be specified  in terms of, e.g., number of interferers and their relative levels with respect to the serving cell
Thus, in this contribution, the typical interference scenarios including the number of interferers and their relative levels with respect to the serving cell are discussed.
2 Interference scenarios
In this section, the typical interference scenarios are analyzed in detail with respect to both the Macro-Pico deployment and Macro-Femto deployment.
2.1 Macro-Pico deployment 
Taking the purpose of deploying Pico cells by operators into account, as shown in Fig 1, two scenarios are seen as typical deployments: one is the hot spot deployment for capacity enhancement and the other is coverage enhancement scenario.
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	Scenario 1: capacity enhancement 
(Red: DL interference; pink: UL interference)
	Scenario 2: coverage enhancement 
(Red: DL interference; pink: UL interference)


Fig. 1 Typical scenarios in Macro-Pico deployment
In this contribution, as in Rel-10 eICIC discussion, we still take the DL interference from Macro to Pico’s cell-edge UE (especially when cell range expansion (CRE) applied to Pico) as the focus of interference analysis. 
· The analysis of interference level 
For scenario 1, it was observed in [2] that the benefit of large CRE bias is not justified in both end-to-end throughput gain and the valid resource remaining in Macro and Pico cells, for low and high traffic load. Therefore it could be recommended that the large CRE bias (e.g., more than 6dB) would not be configured here. On the other side, for scenario 2, how much CRE bias could be configured would be FFS. However considering the purpose of this scenario for coverage enhancement, even with zero or small CRE bias, the range of Pico cell might be large enough since the signal from Macro cell was already degraded much by long distance. Therefore, it might also be unnecessary to apply large CRE bias in this case. 
Observation 1: Observation 1: for DL interference level in Macro-Pico case, large CRE bias might be unnecessary according to the system evaluation results and the purpose of the Pico cell deployment. Thus it would not result in the extreme severe interference in Macro-Pico deployment.
· The analysis and simulation on the number of interferers 

As for the interferers number, the system simulation results as shown in table 1 and table 2 were used to show some quantitative results to help make this analysis clear. The simulation assumptions are given in the appendix which is aligned with TR36.814. In addition, the deployment scheme of Pico cells for scenario 2 can refer to [3], by which we follow the relay node deployment case as a typical coverage enhancement scheme. These tables present the ratio of UEs in the CRE region who can see particular number of interferers which relative level is no smaller than a particular interference threshold. For example, in table 1, for 3dB CRE bias and 2dB interference threshold, it can be found that 31.57%/0.49%/0.10% UEs in the CRE region would see 1/2/3 interferes respectively with the interference level which is at least 2dB stronger than serving cell. Without the loss of generality, the cases with large CRE bias (9dB and 16dB) are also tested here. From these two tables, it can be observed most UEs in the CRE region only see one interfere regardless of the interference threshold and CRE bias for both scenarios. 
Observation 2: even with large CRE bias, up to 1 interfering cell is the most predominant case for both scenario 1 and 2. 
Table 1. The ratio of UEs in CRE region who can see particular number of interferes with different interference level for scenario 1
	CRE bias
	Interference threshold
	Ratio of UEs in CRE region

	
	
	Number of interferers

	
	
	0
	1
	2
	3
	Larger than 3

	3dB
	0dB
	0%
	94.18%
	5.05%
	0.67%
	0.10%

	
	1dB
	35.57%
	62.32%
	1.87%
	0.24%
	0%

	
	2dB
	67.84%
	31.57%
	0.49%
	0.10%
	0%

	
	3dB
	100%
	0%
	0%
	0%
	0%

	6dB
	0dB
	0%
	89.75%
	8.29%
	1.66%
	0.30%

	
	2dB
	35.82%
	60.12%
	3.25%
	0.72%
	0.09%

	
	4dB
	68.26%
	30.72%
	0.71%
	0.31%
	0%

	
	6dB
	100%
	0%
	0%
	0%
	0%

	9dB
	0dB
	0%
	86.07%
	10.58%
	2.85%
	0.50%

	
	3dB
	37.18%
	57.12%
	4.52%
	1.13%
	0.05%

	
	6dB
	70.50%
	27.87%
	1.25%
	0.38%
	0%

	
	9dB
	100%
	0%
	0%
	0%
	0%

	16dB
	0dB
	0%
	77.59%
	14.35%
	5.37%
	2.69%

	
	4dB
	32.26%
	56.46%
	7.72%
	2.85%
	0.71%

	
	6dB
	47.28%
	44.78%
	5.56%
	2.04%
	0.34%

	
	12dB
	82.81%
	15.89%
	0.97%
	0.33%
	0%

	
	16dB
	100%
	0%
	0%
	0%
	0%


Table 2. The ratio of UEs in CRE region who can see particular number of interferes with different interference level for scenario 2

	CRE bias
	Interference threshold
	Ratio of UEs in CRE region

	
	
	Number of interferers

	
	
	0
	1
	2
	3
	Larger than 3

	3dB
	0dB
	0%
	93.15%
	6.32%
	0.53%
	0%

	
	1dB
	35.21%
	60.87%
	3.56%
	0.36%
	0%

	
	2dB
	63.62%
	34.84%
	1.18%
	0.36%
	0%

	
	3dB
	100%
	0%
	0%
	0%
	0%

	6dB
	0dB
	0%
	87.42%
	11.48%
	1.10%
	0%

	
	2dB
	32.46%
	61.80%
	5.22%
	0.52%
	0%

	
	4dB
	68.05%
	30.33%
	1.45%
	0.17%
	0%

	
	6dB
	100%
	0%
	0%
	0%
	0%

	9dB
	0dB
	0%
	81.72%
	15.67%
	1.83%
	0.78%

	
	3dB
	36.01%
	56.27%
	7.36%
	0.23%
	0.13%

	
	6dB
	70.60%
	27.89%
	1.45%
	0.06%
	0%

	
	9dB
	100%
	0%
	0%
	0%
	0%

	16dB
	0dB
	0%
	72.51%
	20.58%
	4.23%
	2.68%

	
	4dB
	30.94%
	56.17%
	10.66%
	1.63%
	0.60%

	
	6dB
	45.42%
	45.92%
	7.26%
	1.09%
	0.31%

	
	12dB
	79.38%
	19.51%
	0.96%
	0.15%
	0%

	
	16dB
	100%
	0%
	0%
	0%
	0%


In addition, two other kinds of interference might exist for Macro-Pico deployment, e.g. UL interference from UEs served by Macro (MUEs) to Pico and possible interference between Pico cells. For the former case, power control might be feasible to solve this interference and could achieve an impressive system performance as shown in [4] regardless of the value of CRE bias. For the latter case, Rel-8 ICIC for the homogeneous network might be enough.

2.2 Macro-Femto deployment 
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Fig.2.One example for Macro-Femto deployment (green: signal; red: interference)

In this section, the case of closed subscriber group (CSG) Femto cells deployed in the Macro coverage is considered. One example is illustrated as Fig. 2.
For this scenario, the following interference could be considered:

· DL interference from Femto to MUEs in the proximity of Femto.

· UL interference from MUEs to the proximate Femto cell.

· Interference between Femtos due to the un-planned deployment of Femtos.

Since the Femto cells are normally deployed by consumer, the interference scenario would be complex compared to the Macro-Pico deployment. For example, the MUEs might be interfered by multiple Femto cells and the DL interference strength might be much larger. Considering the limitation on the backhaul support for Femto cells and the complexity of interference scenarios, some non-co-channel and self-sensing-and-configuring schemes (for example, carrier-based solution or power setting solution) might be easier and feasible ways to solve the interference for this deployment case. 
Observation 3: the interference scenario might be complex in Macro-Femto deployment due to the loss of planning in Femto deployment. Thus the carrier-based solution or power setting solution might be more feasible to apply.
3 Conclusions
In this contribution, the interference scenario including the number of interferers and their relative levels with respect to the serving cell were discussed and identified with the assistance of system simulation especially for the Macro-Pico deployment. It was observed that:
· Interference scenario in Macro-Pico deployment and corresponding interference mitigation scheme should be the focus of this WI
· Large CRE bias might be unnecessary according to the system evaluation results and the purpose of the Pico cell deployment.
· Even with large CRE bias, up to 1 interfering cell is the most predominant case in this deployment.
· Carrier-based solution or power setting solution might be more feasible to apply in Macro-Femto case due to the un-planned deployment of Femtos.
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Appendix: simulation assumption

Table A1 Simulation Assumptions for Scenario 1 and Scenario 2

	Parameters
	Assumption

	Scenario
	Case1, 2GHz carrier frequency, 500m ISD, 10MHz BW, speed 3km/h

	Deployment 
	Scenario 1:  capacity enhancement
	Macro Cell:

46dBm TX power, 19 X 3 homogeneous network, 10MHz bandwidth.

Pico:

30dBm TX power, 4 Picos per Macro Cell. Min distance between Pico and Macro is 75m; Min distance between Picos is 40m
UE:

Configuration 4b: 1/3 UEs per macro cell, randomly and uniformly dropped in Macro area, 2/3 UEs dropped around Pico cell. 60 for clustered user dropping.

	
	Scenario 2:  coverage enhancement
	Macro Cell:

46dBm TX power, 19 X 3 homogeneous network, 10MHz bandwidth.

Pico:

30dBm TX power, 4 Picos per Macro Cell. Min distance between Pico and Macro is 75m; Min distance between Picos is 40m
UE:

Configuration 1: 25 UEs randomly and uniformly dropped in Macro area

	Bandwidth (MHz)
	Macro 10MHz, Pico 10MHz, the bandwidth overlapped with each other.

	Path-loss model
	Model 2 ( Referring to the Table A.2.1.1.2-3 in TR36.814)

	Antenna configuration
	Macro Cell:

2TX, Directional (3-sector), 14dBi antenna gain
Pico:

2TX, Omni-directional, 5dBi antenna gain

UE:

2RX, Omni-directional, 0dBi antenna gain

	Cell selection
	RSRP (for no CRE cases), or RSRP with cell-common RE bias (for CRE cases)


[image: image4.emf]0

.5

6

 i

s

d

0

.

4

9  

i

s

d

6°

14°

Sector #1

Sector #2

Sector #0


Fig. A1. Pico cells deployment for coverage enhancement [R1-105549]















































































































































































































