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1 Introduction
In previous RAN plenary meeting, the study item on the physical layer aspects of small cell enhancement was approved [1]. In [1], the study should be focused on the following areas:

· Define the channel characteristics of the small cell deployments and the UE mobility scenarios identified in TR36.932, as well as the corresponding evaluation methodology and metrics.
· Study potential enhancements to improve the spectrum efficiency.
· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters.
· Physical layer study and evaluation for small cell enhancement higher-layer aspects.
Especially regarding the efficient operation of a small cell layer shown above, interference management is one of the major topics in supporting small cell enhancement. In this contribution, we discuss the potential scenarios for the enhancement of the interference management in small cell environments and propose the corresponding evaluation assumptions and methodologies.
2 Potential scenarios for enhancement of interference management in small cell environments
In TR 36.932 [2], there are target deployment scenarios for small cell enhancement in the following aspects:
· With and without macro coverage
· Outdoor and indoor

· Ideal and non-ideal backhaul

· Sparse and dense

· Synchronization

· Spectrum

· Traffic

· Backward compatibility

Especially for the evaluation of interference management, we consider the following points (while our view on more general aspects for the small cell evaluation is shown in [3]):
· Sparse and dense

· With and without macro coverage

· Backward compatibility

2.1 
Sparse or dense small cell deployment

In the aspect of sparse or dense small cell deployment, the following scenarios are possible:

(1) Sparse small cell deployment in a separate carrier frequency from macro cell layer

(2) Sparse small cell deployment in a same carrier frequency with macro cell layer

(3) Sparse small cell deployment without macro cell coverage

(4) Dense small cell deployment in a separate carrier frequency from macro cell layer

(5) Dense small cell deployment in a same carrier frequency with macro cell layer

(6) Dense small cell deployment without macro cell coverage

In the above, scenarios (1)~(3) may not bring significant motivation for introducing a new scheme for interference management since scenario (1) and (3) are equivalent/similar with isolated single small cell case and scenario (2) is equivalent/similar with HetNet scenario which has been intensively investigated during the ICIC work items in previous releases. Therefore, we may focus on scenarios (4)~(6) where dense small cell deployment is assumed.
2.2 
With or without macro coverage

Existence/absence of macro coverage can be considered in the two aspects. That is, one is existence/absence of assistance from the macro layer and the other is existence/absence of co-channel interference from the macro cell layer in the same carrier frequency.
Regarding existence/absence of assistance from the macro layer, we think assistance from the macro layer can be assumed in the evaluation of an interference management scheme since macro coverage would be guaranteed in many practical deployment scenarios.
Regarding existence/absence of co-channel interference from the macro cell, we think separate carrier frequency for the macro cell layer (hence no co-channel interference from the macro cell) can be prioritized first in developing interference management scheme since we mainly assume high frequency bands for the small cell deployment.

2.3 
Backward compatibility

As claimed in TR 36.932, it should be targeted first legacy UEs can operate in the small cell layer unless small cell is new carrier type. That is,

· The interference management scheme should not prevent a legacy UE from being served by a small cell.
· It is desirable introducing an interference management scheme doesn’t affect legacy UE’s ability of detection/measurement of the small cells significantly

3 Evaluation assumptions and methodologies
Potential schemes for the interference management in the small cell environments can include the followings

· Small cell on/off switching depending on the UE traffic

· Time/frequency/spatial domain interference coordination between small cells

· Especially, enhancements for EPDCCH should be investigated as well as other channels. Such enhancements can include the backhaul signalling enhancement to assist the ICIC for EPDCCH, the wideband precoding of EPDCCH to mitigate the frequency selective interference, the CSI enhancement to facilitate more accurate EPDCCH link adaptation under high interference, and so on.
· Cooperative transmission among small cells

System-level simulation is necessary for the evaluation of those schemes to properly evaluate the interference environments from multiple cells. Considering the discussion above, we propose the evaluation assumptions and methodologies as follows.
	Proposed evaluation assumptions and methodologies for the evaluation of interference management scheme in small cell environments:

· Small cells are densely deployed in a cluster on a frequency band (e.g. 3.4 GHz) where single or multiple clusters are deployed in each macro cell in the macro cell layer overlaid on a separate frequency band (e.g. 2 GHz) as details are introduced in the evaluation assumptions in [3].

· Performance in the macro cell layer on a separate frequency band doesn’t need to be evaluated unless deemed necessary for a specific reason.

· For the reduced simulation workload, multi-cell evaluation within a single cluster (without macro cell layer layout) is possible as well as multiple cluster evaluation (over macro cell layer layout).

· For the evaluation of traffic-adaptive schemes such as, e.g. cell on/off switching, different number of UEs per different small cells may have to be assumed. For example, a portion of the small cells within a cluster can be assumed having no serving UEs. In this case, assumption for the UE allocation should be clarified in each evaluation.

· As for the performance metric, user throughput (including 5% user throughput and/or fairness) is used.

· Backward compatibility should be also an important factor in assessing a scheme for interference management


4 Conclusions
In this contribution, we discussed potential scenarios for the enhancement of interference management in small cell environments. As the following-up, we propose evaluation assumptions and methodologies specific for the interference management schemes. The detail proposals of this contribution can be found in section 3.
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