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1 Introduction

In the Study Item phase of eIMTA, concepts of interference mitigation (IM) schemes have been discussed to mitigate severe cross-interference (eNB-to-eNB and UE-to-UE interference). Finally, four categories of potential IM schemes, such as CCIM, SDIM and etc., have been identified in TR [1].
In this contribution, we will discuss the “Cell clustering interference mitigation (CCIM)” scheme in detail and provide some considerations to improve the system performance for CCIM scheme.
2 Discussion
In Cell Cluster IM scheme defined in [1], cells will been divided into cell clusters according to some metrics, such as coupling loss or interference level between cells, as shown in Fig 1. Each cell cluster comprises at least one cell. The active transmission direction of all cells in each cell cluster shall be same. Hence, cross-interference, that is, eNB-to-eNB and UE-to-UE interference, can be mitigated within the cell cluster. In order to achieve the benefits of dynamical TDD Transmission directions in cells belonging to different cell clusters can be different based on the traffic loading.
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Fig 1: Cell clustering interference mitigation scheme

2.1 Potential issues and defects
 As mentioned in the previous section, cell clustering is beneficial for cross-interference coordination and mitigation. The system throughput gain can be obtained through dynamic TDD UL-DL reconfiguration. However, some potential defects will limit adaptation flexibility for current CCIM scheme. That is, all the cells belonging to one cluster have to be deployed with the same TDD UL-DL configuration. For a dense deployment scenarios (e.g. dense urban, large shopping mall, etc.), the border cells between different clusters might be severely impacted. 
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Fig 2: Cell cluster grouping with poor efficiency
As an example shown in Fig 2, the “Cluster C” comprises seven cells. The best-match TDD configuration for each cell may be different, since the asymmetrical distribution of traffic loading throughout the coverage of cluster C. More specifically, in the ideal case (ignore the influence from cross-interference), only based on the traffic loading of single cell, the maximized traffic adaptation gain can be achieved, when the cell A to D use the TDD configuration with more UL subframe and cell E to G with more DL subframe. However, since the severe cross-interference, forcing all the cells belong to cluster C are configured with the same TDD configuration, reluctantly. The profits by dynamic reconfiguration from traffic adaptation  are reduced due to loss of flexibility. 
Certainly, relaxing the clustering criterion is a candidate solution. Nevertheless, the interference level will be significantly increased due to low clustering criterion. Such consequence is not what we expect to. 
2.2 Cluster splitting based CCIM
A more effective alternative is splitting cluster by establishing “interference isolation region”, named “cluster splitting based CCIM”, as shown in Fig 3. 
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Fig 3: Cluster splitting based CCIM
The “interference isolation region” may comprise at least one “key cells”, which is located in key position for splitting the cluster. The “interference isolation region”, establishing by certain methods, allows the original cluster to split into two or more smaller clusters with original criterion. Named as “interference isolation region”, in fact, are one or more cells, in which severe cross-interference is not observed (lower than the clustering criterion) or even no cross-interference. 
The “interference isolation region” can be realized by following methods, 

· Remove and shut down “key cell”;

· Shrink the “key cell” coverage;

· Limit the resource scheduling in the “key cell”. This solution means in the “key cell” only some of subframes, always fixed as DL or UL subframe in the totally seven supported TDD configurations as shown in Fig 4, can be scheduled. 
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Fig 4: “Always” DL subframe
According to the above-described method, as an example illustrated in Fig 3, “Cluster C” is subdivided into two small clusters, named Cluster C1 and C2. Accordingly, much more adaptation flexibility can be offered.  
“Cluster splitting based CCIM” helps to increase the flexibility of TDD dynamic configuration and improve the system performance. More importantly, it could reduce the system interference level caused by flexible DL-UL subframe configuration.

3 Conclusion

In this contribution, we discuss the “Cell clustering interference mitigation (CCIM)” scheme in detail and provide a potential solution, named “cluster splitting based CCIM”, to improve current CCIM scheme. 
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