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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 signaling,

· Power control;

During study item phase, several interference mitigation schemes were studied and determined to have further study in work item [2], which are as following. 
· Scheme 1: Cell clustering interference mitigation (CCIM)

· Scheme 2: Scheduling dependent interference mitigation (SDIM)

· Scheme 3: Interference mitigation based on eICIC/FeICIC schemes

· Scheme 4: Interference suppressing interference mitigation (ISIM)
In [3], performance evaluation on cell clustering interference mitigation (CCIM) scheme has been provided. Based on the evaluation results, cell average packet throughput gain with cell clustering is observed in uplink and significant performance gain is observed for 5% and 50% tile of UE UL average packet throughput.
In this contribution, we focus on the cell clustering interference mitigation for dynamic TDD UL/DL reconfiguration.

2. UL-DL interference mitigation 
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.

When CCIM method is applied, 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.
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Figure 1: cell clustering 
On the other hand, the cell cluster isolation is dependent on the parameterization of applied cell clustering mechanism, e.g. on the configured threshold in the case of coupling loss based clustering. By properly setting the threshold, good isolation is obtained among cell clusters. If one cell cluster consists of only one small cell, then this cell can be seen as isolated cell and autonomously select its own TDD UL/DL configuration to match its own traffic fluctuation in downlink and uplink without reporting its traffic status to Macro eNB. Hence, autonomous determination of its own UL/DL configuration can be part of Pico eNB configuration without need to report the traffic status to other eNBs for CCIM purposes. In [3], an exemplary evaluation applying coupling loss based clustering, -90dB is used as the coupling loss threshold and the corresponding cell clustering status is shown in Figure 2. We can see more than 70% Pico cells can be seen as isolated cells and can use very fast TDD UL/DL reconfiguration to further increase the performance gain due to traffic adaptation. On the other hand, less than 30% Pico cells need to report its traffic situation for UL/DL configuration coordination. In that sense, the signalling overhead via X2 can be limited. 
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Figure 2: illustration of cell clustering status 
In this way, by forming the cell clusters, eNB-to-eNB and UE-to-UE interference between cells can be controlled and mitigated. 
3. 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:

Proposal: Cell clustering based UL-DL interference mitigation scheme with X2 signalling support is proposed for further study. 
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