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Introduction
In 3GPP TSG RAN #58 meeting, the study item of “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” was approved for Release 12 study [1]. In particular, it specifies the following objective:
· 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.
· Mechanisms for efficient discovery of small cells and their configuration. 
In this contribution, we share our views on the consideration of efficient small cell operations.
Interference Coordination Mechanism
Among the scenarios discussed in [2], there are scenarios with dense deployment (e.g., dense urban, large shopping mall, etc.) in which a lot of small cell nodes are densely deployed to support huge traffic over a relatively wide area covered by the small cell nodes. In the perspective of interference management, it is desirable to consider those cases that have not been studied as part of eICIC or CoMP in Release 10/11. In the following, we share our views on interference coordination mechanism for these cases.
More Coordination and Collaboration within Small Cells
Dense small cell deployments, where a large number of small cell nodes are deployed in a certain geographical area are envisioned to further improve the system performance. Large number of small cells in relatively small area is likely to create mobility and interference issues and may also negatively impact UE power consumption. 


Figure 1: Illustration of dense small cell deployment

Having many small cells will increase the number of handovers in the network. This could results in burden for both the network and UE as
· The user experience may be compromised because of more radio link failures
· The network may see more signalling load and there would be an increase in the backhaul load for frequent forwarding of the user data.

It is expected that several strong interferers without apparently dominant ones are present in this scenario. This could be the main differentiator with Rel-10/11 (F)eICIC study in which the macro(s) is (are) the dominant interferer(s) and mainly one or two dominant interferers were considered. Clearly, different types of interference avoidance and coordination mechanisms should be used for this type of interference conditions. 

For dense small cell scenarios, muting or removing one or two interferers does not significantly reduce the interference. Moreover, there will be significant interference fluctuation, as small cell deployment is likely to have traffic fluctuation and user distribution fluctuation in spatial/temporal domains [2].

In a dense small cell scenario, UEs may consume more power as they will detect larger number of cells since they could see more interferers without apparent dominant ones. UEs may end up performing measurements more frequently rather than being in sleep mode. 

Release 12 small cell interference mitigation methods should include more advanced network-oriented features to manage the interference. These features should utilize two types of collaborations: 
(i) transmitter to transmitter collaboration and 
(ii) transmitter to receiver collaboration. 

According to [2], each hotspot area can be covered by a group of small cells, i.e. a small cell cluster. Clusters of small cells can be formed by considering different metrics such as geographical position or interference level. Within a small cell cluster, the nodes can be connected with either ideal backhaul (i.e., very high throughput and very low latency backhaul such as dedicated point-to-point connection using optical fiber) or non-ideal backhaul (i.e., typical backhaul widely used in the market such as xDSL, microwave, and other backhauls like relaying). Therefore, advanced collaboration and coordination mechanism can be used to provide a better user experience and less frequent radio link failures. 

The small cells within the same cluster with ideal backhaul may collaborate in their scheduling and may optimize their transmission schemes for interference coordination within the cluster. Such coordination could be in the form of scheduling optimization or transmission schemes like joint linear precoding. In addition to transmission scheme, within the same cluster, resource allocation, transmit power, or any other network parameter can be coordinated. This coordination and collaboration allows the UEs to receive the information with reduced interference for a maximum performance improvement. For non-ideal backhaul, we can still look into these coordination techniques with limitation on information exchange within the cluster. 

In addition, as time synchronized deployments of small cell clusters are prioritized in the study [2] and new means to achieve such synchronization should be considered for interference coordination, providing aforementioned coordination and collaboration within small cell cluster is manageable. 

Proposal 1 - Evaluation on mechanisms for interference management in small cell deployment should include network-oriented features for enabling collaboration and coordination for interference management within small cell cluster.
Extension of eICIC Techniques with Network Parameter Optimization
For both dense and sparse deployment of small cells, we can extend eICIC based schemes to support more dominant interferers. 

The current ABS framework in eICIC or reduced power ABS in FeICIC can be extended to enable an interference coordination (IC) time or frequency zone which can be coordinated within the small cell cluster. The existing signaling of the ABS framework can be extended to enable, disable, and schedule the IC time/frequency zone, coordinate transmission parameters for the IC time/frequency zone, and signal the IC time/frequency zone to the UE. The coordination includes controlled transmission by small cells (rather than ABS) to optimize interference reduction among different nodes. This may include power setting, parameter optimization, joint scheduling, and etc. The coordination can be enabled by efficient interference listening among small cells or by feedback from users.

[bookmark: _GoBack]Proposal 2 - Evaluation on mechanisms for interference management in small cell deployment should include collaboration and coordination for extending eICIC based interference management solutions within the small cell cluster.
Conclusion
Proposal 1 - Evaluation on mechanisms for interference management in small cell deployment should include network-oriented features for enabling collaboration and coordination for interference management within small cell cluster.
Proposal 2 - Evaluation on mechanisms for interference management in small cell deployment should include collaboration and coordination for extending eICIC based interference management solutions within the small cell cluster.
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