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Discussion and decision 
1. Introduction

Rel-12 Work item, Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation (LTE_TDD_eIMTA), has been approved in RAN#58 meeting [1]. In the work item phase, the objective is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells, including:
Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.
· E-UTRAN/UE measurements, backhaul coordination, and signalling,

· Power control;

The backhaul signalling aspects were extensively discussed in previous RAN1 meetings, such as eNB measurement on eNB-to-eNB measurement and information on eNB –to-eNB interference exchanging were discussed in RAN1#72bis meeting;  also in RAN1#73 meeting, the followings were further discussed.

· Information reflecting eNB-to-eNB interference level between a pair of eNBs is exchanged on the backhaul

· FFS on the detailed contents

· Information reflecting the UL/DL traffic conditions in the cell is exchanged on the backhaul

· FFS on the detailed contents, e.g. the information on DL/UL traffic ratio

· Information on UL-DL configuration (relating to dynamic flexible subframe designation)  is exchanged on the backhaul, in addition to the existing backhaul signaling on the SIB1 UL-DL configuration

These discussions are related to cell clustering, however, the cell clustering procedure is less considered. In this contribution we provide our views on cell clustering/declustering process and the backhaul signaling needed to be exchanged.
2. Information exchange for cell cluster forming
In cell clustering interference mitigation method, one cluster can comprise one or more small cells based on the pathloss, coupling loss or mutual interference between the neighbouring eNBs after real deployment. E.g., if the coupling loss between neighboring cells is lower than a threshold applied in the network, then the neighboring cells can form a cluster and adopt the TDD UL/DL configurations with less conflicting subframes among each other, or even the same TDD UL/DL configuration. So, one cluster may contain one Pico cell or several Pico cells. One example is shown in Figure 1.
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Figure 1: cell clustering 
When CCIM method is applied, then cell cluster need to be activated and de-activated. For cell clustering activation/de-activation management, it could be better choice that OAM set as the centre node to control the relevant processes, because the activation/de-activation process will not happen frequently, and the OAM has full knowledge of the network. 
For cell cluster activation, the related information shall be delivered to the cells in the cluster, which is helpful for interference mitigation. This information could include Cell Cluster ID, cells ID, coupling loss threshold and the activation timing. 

Coupling loss threshold can determine the size of the cluster, i.e. how many cells in the cluster. Based on the network planning and the knowledge of the network topology, the threshold need to be carefully chosen, as the simulation results shown in [3], the threshold can be in the range of 60-120dB. Then the threshold selection is the compromise between the flexibility and cluster performance. With the coupling loss information, the cell can estimate the interference from its neighboring cells in the cluster.

Cell cluster ID is required for better network management, this is because there are possible several clusters in one macro cell coverage area, and then cluster related backhaul signalling could be exchanged among the cells in one cluster, such as traffic load information, recommended UL/DL configuration. In this way the overhead of signalling could be avoided.
The Cell ID of eNB in the cluster also need to be informed, with this information the cell can send the required backhaul signalling to the relevant cells in the cluster.

Cell cluster activation timing is for cells to start clustering with same timing, the activation timing can be SFN. With this absolute timing, each cell in the cluster will work in cluster mode at the same time, and then cross link interference can be avoided.

If new eNB is introduced in the cell cluster or eNB within cluster are powered off, re-clustering process could be triggered. And if the eIMTA function is disabled by the network, then cell cluster de-activation could be required. After de-activation all cluster related information are released at the same timing, then the cells in the cluster could operate as isolated cell or get back to legacy work mode ( i.e. the UL/DL configuration will follow SIB1 indicated UL/DL configuration).

Based on above analysis, we have following observation,

Observation: to enable cell clustering interference mitigation scheme in eIMTA, cell cluster activation and de-activation may need to be done via OAM.

3. Backhaul signalling support for cell clustering
With the cell clustering interference mitigation scheme, the information exchange of the recommended UL/DL configuration for reconfiguration and the UL and DL traffic status of cells in cluster is essential for CCIM. The UL/DL reconfiguration in a cluster can be selected in distributed or centralized manner. In distributed way, eNB collect the above information via X2 interface, and decide the optimized UL/DL configuration according to the interference and UL/DL traffic status. In centralized way, one of the eNBs may be configured to coordinate the TDD UL/DL configurations for traffic adaptation in a set of Pico cells. Considering the wide coverage of Macro cell, this may be e.g. Macro eNB. In that sense, each Pico cell within the cluster needs to report the traffic status in DL and UL, i.e., DL/UL traffic ratio, to Macro eNB periodically or with triggering via X2 interface. Then Macro eNB can determine the recommendation or preference for TDD UL/DL configuration according to the traffic situation of whole cluster or the clustered Pico cells. After the TDD UL/DL configuration for Pico cell is determined, Macro eNB sends it to the Pico cell via X2 interface then Pico cell could change its TDD UL/DL configuration complying with Macro eNB’s preference. In this way, eNB-to-eNB and UE-to-UE interference between cells can be controlled and mitigated.  
Proposal: the information exchange of the recommended UL/DL configuration and the UL and DL traffic status of cells in cluster are necessary, detailed contents are to be decided by RAN3.
4. Conclusion

In this contribution, we focus on the cell clustering interference mitigation for dynamic TDD UL/DL reconfiguration.
Based on above analysis, we have following proposal:

Observation: to enable cell clustering interference mitigation scheme in eIMTA, cell cluster activation and de-activation may need to be done via OAM.

Proposal: the information exchange of the recommended UL/DL configuration and the UL and DL traffic status of cells in cluster are necessary, detailed contents are to be decided by RAN3.
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