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1. Introduction

A study item “Small Cell Enhancements – Physical-layer Aspects” was approved at RAN#58, and according to the SID the study shall include:
· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and, dynamic on/off switching of small cells
In RAN1#72, the discussion was started on the mechanism for small cell efficient operations, including interference management, efficient discovery of small cells, feasibility and benefits of radio-interface based synchronization mechanisms. Among them, the interference management was attracting much interest since interference condition is one of the main changes for small cell in Rel-12 compared to HetNet deployment in Rel-11 due to different scenarios for small cell defined. In this contribution, we firstly provide some preliminary comparison on interference condition between Rel-11 HetNet and some small cell scenarios for Rel-12, then based on the simulation results we present our views on interference avoidance and coordination for small cell enhancement in Rel-12.
2. Preliminary results and discussion
In this section, we provide some simulation results on the interference condition for small cell enhancement. Especially, the interference condition for some small cell scenarios for Rel-12 is compared to that of HetNet for Rel-11 to identify the potential difference for interference avoidance and coordination design needed.
2.1. Scenarios for comparison 
In this contribution, the interference conditions of three small cell scenarios are compared, including:
· HetNet in Rel-11. More specifically, the HetNet configuration 4b [4] is assumed. In this scenario, the outdoor low power nodes are deployed sparsely in macro cell layer, the same frequency band is used in macro cell and small cell layer, and outdoor UEs are served by outdoor small cells. 
· Small cell scenario 1 in Rel-12. In this scenario, a cluster based outdoor co-channel small cell deployment is assumed, and 20% outdoor UEs and 80% indoor UEs are served by outdoor small cells.
· Small cell scenario 2a in Rel-12. In this scenario, a cluster based outdoor small cell deployment with different frequency band to macro cell layer is assumed, and 20% outdoor UEs and 80% indoor UEs are served by outdoor small cells. 
The three scenarios are described as Fig. 1 below and the system-level simulation is performed based on agreed simulation assumptions as shown in Appendix. 
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Fig. 1 Scenarios for comparison
2.2. Preliminary results on interference condition
In this contribution, we use Ios to describe the interference condition for different scenarios with the comparison of power between desired signal and interference:
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are the received power of the desire signal and the inter-cell interference, respectively. 
The Fig. 2 and Fig. 3 show the CDF curves of Ios of four strongest interferences for each UE, and the UE ratio with N (N=1,2 and 3) dominant interference higher than certain level (-3dB, -2dB, and -1dB) for small cell deployment in Rel-11. From the simulation results, it can be seen that the 1st dominant interference is much stronger than the other three interferences, and the ratio of UEs who experience one dominant interference is much higher than that of UEs who experience more than one dominant interferences. For example, the ratio of UEs, who suffer from 1/2/3 dominant interference of -3dB are 14.2%/2.1%/0.2%, respectively. 
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Fig. 2 CDF of Ios in Rel-11 small cell
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Fig. 3 UE ratio with different number of dominant interference in Rel-11 small cell


The Fig. 4 and Fig. 5 show the CDF curves of Ios of four strongest interferences for each UE, and the UE ratio with N (N=1,2 and 3) dominant interference higher than certain level (-3dB, -2dB, and -1dB) for small cell scenario 1 in Rel-12. From simulation results, it can be seen that for most of UEs in scenario 1, they still have one dominant interference, and the medium value of Ios is about 7dB higher than that of the 2nd strongest interference. Also, the ratio of UEs, who suffer from 1/2/3 dominant interference of -3dB are 19.7%/3.%/0.4%, respectively.
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Fig. 4 CDF of Ios in Rel-11 small cell scenario 1
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Fig. 5 UE ratio with different number of dominant interference in Rel-12 small cell scenario 1
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Fig. 6 CDF of Ios in Rel-11 small cell scenario 2a
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Fig. 7 UE ratio with different number of dominant interference in Rel-12 small cell scenario 2a


The Fig. 6 and Fig. 7 show the CDF curves of Ios of four strongest interferences for each UE and the UE ratio with N (N=1,2 and 3) dominant interference higher than certain level (-3dB, -2dB, and -1dB) for small cell scenario 2a in Rel-12. From simulation results, it can be seen that the interference level in scenario 2a is lower than that in scenario 1 and Rel-11, and the medium value of Ios of the 1st dominant interference is still of 8dB higher than that of the 2nd strongest interference, and the ratio of UEs who suffer from 1/2/3 dominant interference of -3dB are 6.7%/0.1%/0.0%, respectively.
2.3. Discussion
Based on the simulation results in previous section, the comparison of interference condition for Rel-11 small cell, Rel-12 scenario 1 and 2a are summarized as Table I.
Table I  Comparison of interference condition
	
	Medium value of the strongest interference (Ios)
	Medium value of the 2nd strongest interference (Ios)
	UE ratio with one dominant interference (Ios>-3dB)

	Rel-11
	-10dB
	-17dB
	14.2%

	Scenario 1
	-7dB
	-14dB
	19.7%

	Scenario 2a
	-12dB
	-20dB
	6.7%


Basically, it can be seen from Table I that similar to Rel-11, there is a big gap existed between the level of the strongest inference and the 2nd strongest interference for small cell scenario 1 and 2a. In addition, it can be seen that the medium value of Ios of the 1st dominant interference in scenario 2a is about 2dB lower than that in Rel-11, and about 5dB lower than that in scenario 1 due to that different frequency are deployed for pico/macro layer. Anyway, the results may be changed with different parameters are assumed for small cell, e.g., number of picos in each cluster.
Observation: Similar to Rel-11, UE still suffers from one dominant interference in some scenarios for Rel-12 small cell enhancement.
In Rel-10 and Rel-11, the solutions targeting for one dominant interference have been investigated, e.g., eICIC and FeICIC. Therefore, one straightforward solution is to do further enhancement on eICIC and FeICIC based on the new small cell scenarios defined in Rel-12. Compared to Rel-11, some difference may need to be taken into account in Rel-12 small cell enhancement, for example:
· The dominant interference comes from co-channel small cell rather than macro cell in some Rel-12 small cell scenarios. In that sense, muting of macro as Rel-10 eICIC may be not sufficient, and some enhancement, e.g., muting of small cell, may be worth for further study.
· The backhaul condition is more complicated and diversified for Rel-12 small cell enhancement, e.g., with large range in transmission latency, and is different for different connections. Therefore, the interference coordination schemes with different requirement on backhaul need to be studied. 
Proposal: The interference coordination schemes targeting for one dominant interference, e.g., enhancement on Rel-11 (F)eICIC, can be studied for Rel-12 small cell enhancements.
3. Conclusion
In this contribution, we provided some preliminary investigations on interference conditions between Rel-11 HetNet and some small cell scenarios for Rel-12. Based on that, we have following observation and proposal:
Observation: Similar to Rel-11, UE still suffers from one dominant interference in some scenarios for Rel-12 small cell enhancement.
Proposal: The interference coordination schemes targeting for one dominant interference, e.g., enhancement on Rel-11 (F)eICIC, can be studied for Rel-12 small cell enhancements.
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Appendix
	Item
	Parameters/description

	Macro Carrier frequency
	2GHz

	Pico Carrier frequency
	For Rel-11, 2GHz;
For scenario 1, 2GHz;
For scenario 2a, 3.5GHz;

	System Bandwidth
	10MHz

	Total BS TX power (Macro)
	46dBm

	Total BS TX power (Pico)
	30dBm

	Macro channel model
	ITU UMa [referring to Table B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied

	Small cell channel model
	ITU Umi [referring to Table B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration (Macro/Pico)
	For outdoor UEs: 0dB

For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)

	Macro layout
	Hexagonal grid, 3 sectors per site, Macro radius:500m

	Small cell deployment for Rel-11
	Uncorrelated uniformly random within macro geographical area

Number of small cells per sector: 4
Minimum distance between Small cells: 40m

Minimum distance between UE and small cell: 10m

	Small cell deployment for scenario 1,2a
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area;
Radius for UE dropping in a cluster :70m;
Radius for small cell dropping in a cluster:50m
One small cell cluster per Macro-sector

Number of small cells per cluster: 4
Minimum distance between Small cells: 20m

Minimum distance between macro and small cell cluster center: 105m

Minimum distance between UE and small cell: 5m

Minimum distance between UE and macro cell: 35m

	Number of UEs 
	60 UEs per macro cell geographical area

	UE dropping for Rel-11
	2/3 UEs randomly and uniformly dropped within picos, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 100% UEs are outdoor.

	UE dropping for scenario 1, 2a
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.
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