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Discussion
1 Introduction

Cell Clustering interfering mitigation (CCIM) has been proposed [1] as one of the interference mitigation schemes that is to be evaluated during the work item [2]. 
Cell cluster can be categorized as centralized or distributed, characterized by:

· In the centralized cluster, procedures and X2 signalling would be needed to:

· Enable a cell to request a change of UL-DL configuration due to a change in UL-DL traffic ratio and enabling the master eNB to instruct other cells which UL-DL configuration to use. 

· In the distributed cluster, procedures and X2 signalling would be needed to:

· Enable a cell to inform other cells in the cluster about its traffic pattern and selected UL-DL configuration. 

In this contribution, we analyze the implementation of a distributed cell cluster and provide our views on its specifications impact. A companion contribution for centralized cell cluster can be found in [3].
2 Cell clustering
As described in [1], a cluster contains cells with the same transmission direction in all subframes or in a subset of subframes. Thus this definition would require strict enforcement of the uplink/downlink alignment between cells. However, since no new TDD subframe configurations are to be defined (as agreed in RAN1#72bis), it could be noted that according to this definition all cells are actually always in a cluster, since subframes {0,1,2,5} always have the same UL/DL direction. 

The main objective of a cluster is to group cells which would cause severe interference between each other. Therefore, as a general principle, as long as this objective is met, the decision as to which cells should be included in a cluster, and the decisions that a cell should join or leave a cluster, should be left to network implementation, since interference severity is an eNB implementation optimization matter. It should be simply ensured that sufficient coordination and/or measurement tools are available to enable these decisions to be made.  Moreover, there may be cases when strict enforcement of the uplink/downlink directions between cells in at least one of the not-necessarily-aligned subframes is not feasible and/or desirable, yet it is still desirable to share information between cells to enable cells to take into account the uplink/downlink directions of potentially interfering cells when selecting their own UL/DL configurations. This may, for example, be the case when there is a combination of macro and small cells, and possibly from cells of different vendors.
Therefore a cluster could be further characterized as follows:

“A cluster is a set of cells that need to be informed about changes or potential changes to the UL/DL configuration of a cell.”
3 Cluster Coordination 
In this section, we discuss the coordination needed between cells to assist the formation and operation of a cell cluster. As a result, coordination between cells in the cluster is needed and some possible coordination is provided below.

Specific procedures for joining and leaving a cluster would not be needed and a cell cluster can be formed in a distributed manner between two neighboring cells.

· A cell cluster could provide the following support:

· Sharing of TDD subframe configuration among different cells in the cluster. Current X2 signaling TDD Subframe Assignment (Section 9.2.8 of TS36.423) can be used to inform the cells in the cluster of the subframe configuration used in the sending eNB;

· An indication of whether or not severe interference is experienced at the receiving eNB could be provided to the sending eNB. This indication implicitly establishes a cluster between these two eNBs in a distributed manner. The decision or ‘trigger’ on the threshold that constitutes ‘severe’ is left to eNB implementation and optimization. 

· Being part of a cluster would mean that:

· An eNB would inform eNBs in the cluster when it decides to reconfigure its TDD subframe configuration. 

· An eNB in a cluster upon receiving a new TDD Subframe Assignment could decide (based on its own implementation) to align itself with the new subframe configuration (if it detects possible severe interference) or to request other interference mitigation techniques. 

· An eNB that decides to acknowledge the received TDD Subframe Assignment should still be able to configure a different subframe configuration for itself as long as interference is managed. This decision would be left to network implementation. 

4 Other Interference Mitigation techniques 
Whether an eNB is part of a cluster or not does not preclude it from utilizing other interference mitigation techniques that are available such as backhaul coordination to inform other cells of severe eNB-eNB interference. The use or adaptation of existing X2 interference coordination IEs should be studied prior to defining new IEs.

· An eNB experiencing high interference, based on existing or possibly new measurements, should be able to inform the eNB(s) that are the source of interference to enable and initiate interference mitigation techniques. 

· Interference mitigation techniques can be implemented regardless of whether an eNB is part of a Cell cluster or not. 

5 Conclusion

In this contribution, we have outlined our views on the use and operation of cell clustering to address interference that results from dynamic TDD subframe reconfiguration. 
We observe that existing specifications provide most of the support that is needed for clustering even though further studies to carefully evaluate the effectiveness are still needed.  

We observe that:

· The decision as to which cells should be included in a cluster, and the decisions that a cell should join or leave a cluster, should be left to network implementation.

· A cluster can be defined as a set of cells that need to be informed about changes or potential changes to the UL/DL configuration of a cell.

· An eNB provides its TDD subframe configuration to its neighboring cells using the existing TDD Subframe Assignment IE over X2. Actions upon receiving TDD Subframe Assignment are left to network implementation as in current Release 10 specifications. Alignment of UL/DL configurations can be enforced by implementation means.  
· Whether new eNB measurements used to trigger an eNB to join or leave a cluster needs further study. 
· Interference mitigation techniques can be implemented regardless of whether an eNB is part of a cluster or not.
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