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Discussion 
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]. 
During the phase of study item, dynamic TDD UL/DL reconfiguration based on traffic adaptation in small cells has revealed significant performance benefits by dynamically selecting the most appropriate TDD UL/DL configuration to match the traffic fluctuation in uplink and downlink.

Therefore, in the work item phase, the objective is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells, including:
· Agree on the deployment scenarios for TDD UL-DL reconfigurations

· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s)
· 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)
· Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item
In this contribution, possible UL-DL interference mitigation schemes are listed for discussion when considering the introduction of dynamic TDD UL/DL reconfiguration to small cells. 

2. UL-DL interference mitigation 
Dynamic TDD UL/DL reconfiguration may cause severe UL-DL interference, such as eNB-to-eNB interference and UE-to-UE interference in the conflicting subframes due to independently selecting different TDD UL/DL configurations in neighboring cells. According to the coexistence study of RAN4, this kind of UL-DL interference has a significant impact on UL SINR when the eNBs have LOS or located close to each other. Especially in case of Macro-Pico co-channel scenarios without appropriate interference mitigation significantly decreased UL packet throughput for both Macro and Pico cells were observed in the study item phase. But there is also an impact on DL SINR when the UEs are located in cell edge and suffer the interference from uplink transmission of neighboring cell UEs. As a result, such UL-DL interference will degrade the system performance and reduce the overall benefits from dynamic TDD UL/DL reconfiguration for traffic adaptation. Hence, it is necessary to have proper interference coordination methods between neighboring cells.

One example of interference coordination is to adjust the transmit power of eNBs such that the inter-cell interference can be kept at a tolerable level for the neighboring cells. This coordination seems important in mitigating eNB-to-eNB interference because the high eNB transmission power might be experienced much stronger than the UE’s low power UL signal of the neighboring cells. So the eNB downlink transmission power or UE uplink transmission power in conflicting subframes should be adjusted at a suitable level to avoid severe interference to UL reception in neighboring cells or overcome the interference from DL transmission in neighboring cells. However, if downlink power control is adopted to mitigate the interference to neighboring cells’ uplink transmission, it may have an impact on cell coverage; if uplink power control is adopted to compensate both the interference from neighboring cells’ downlink transmission and pathloss to serving eNB, it may lead to high UE energy consumption. 

Another example is to mitigate the UL-DL interference via neighboring cell coordination taking the pathloss, coupling loss or mutual interference between neighboring cells into account. For example, by UE and/or eNB measurements or after deployment of each cell, the coupling loss information between two neighboring cells may be calculated or collected directly by practical field test. If the coupling loss between two cells is lower than a predefined threshold, then the two cells should not adopt different TDD configurations independently. This requires an exchange of the TDD UL/DL configuration between two neighboring eNBs e.g. via X2 interface. If the coupling loss between two cells is large enough, then the two cells can be seen as isolated cell and autonomously select the TDD UL/DL configuration to match its own traffic fluctuation in downlink and uplink without the requirement of configuration selection coordination. This interference coordination method has been evaluated in Study Item phase and it can bring performance gain compared dynamic TDD UL/DL without any UL-DL interference mitigation scheme.

Based on above analysis, we have following proposal:

Proposal: Interference coordination between neighbouring cells is proposed including the necessary information exchange between eNBs for TDD UL/DL configuration selection. 

3. Conclusion

In this contribution, we list some possible solutions to mitigate the UL-DL interference when dynamic TDD UL/DL reconfiguration is introduced to LTE TDD system for traffic adaptation in uplink and downlink. We also provide some high level discussions about the interference coordination schemes. Based on above analysis, we have following proposal:

Proposal: Interference coordination between neighbouring cells is proposed including the necessary information exchange between eNBs for TDD UL/DL configuration selection. 
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