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1. Introduction

The work item proposal for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation was approved in RAN #58. One objective of this WI is to agree on the deployment scenarios [1]
The objective of this work item is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells, including:

· Agree on the deployment scenarios for TDD UL-DL reconfigurations
· Aim to support the scenarios that contain at least pico or femto cells from the study item,

· Identify and agree on other scenarios (if any) to be supported; 

In this contribution, we discuss the deployment scenarios in small cells where dynamic TDD could be beneficial and share our initial thinking on the need of interference mitigation in different scenarios.
2. Deployment scenarios
During the study item phase, a number of deployment scenarios were evaluated for feasibility study and performance evaluation. In principle, whether dynamic TDD can be beneficial is dependent on the isolation of the concerned node to the closest active nodes. If sufficient isolation cannot be provided, some coordination is needed to mitigate the eNB-to-eNB or UE-to-UE interference. As concluded in [2], the potential of dynamic TDD are different in different scenarios and has a dependency on system load and interference mitigation techniques. 
In the following, we give an overview of deployment scenarios for dynamic TDD and also address the need of interference mitigation in these scenarios. More detailed interference mitigation techniques can be found in our companion contribution [3].
Same frequency (co-channel) macro-pico deployment

· Indoor pico: When an indoor pico layer is deployed on the same frequency with a macro layer, there is a probability that there will be walls, floors and/or windows between the macro layer and pico layer, hence some isolation can be provided by the penetration loss. However, there is still co-channel interference if the radio link between macro and pico or between two pico nodes is strong. Both the macro and the pico may suffer UL performance degradation from severe eNB-to-eNB interference. Some coordination is required to mitigate the interference to protect pico and/or macro UL. 
· Outdoor pico: When an outdoor pico layer is deployed on the same frequency with a macro layer, the probability of LOS between the macro node and pico node is higher compared to an indoor deployment; hence the interference between the two layers becomes high. The potential of dynamic TDD in this scenario is reduced due to the higher interference between the two layers. More sophisticated interference control is needed if dynamic TDD is targeted to be applied.
Adjacent frequency (adjacent-channel) macro-pico deployment

· Indoor pico: When an indoor pico layer is deployed on an adjacent frequency band with a macro layer, the pico UL performance may be degraded by the adjacent channel interference from the macro. The interference will become more severe when the macro and the pico belong to two different operators since the synchronization assumption cannot be made. Moreover, the interference from macro UE to pico UE will become severe due to “near-far” impact, i.e. a macro UE at cell-edge from one operator may generate strong adjacent channel interference to a UE near the pico node from another operator.
· Outdoor pico: When an outdoor pico layer is deployed on an adjacent frequency band with a macro layer, the increased LOS probability compared to the indoor deployment may results in insufficient isolation so that the eNB-to-eNB interference needs to be coordinated if dynamic TDD is applied.
Separate frequency macro-pico deployment

· Indoor pico: When an indoor pico layer is deployed on a separate frequency with a macro layer, there is good isolation between the macro layer and the pico layer due to the inter-band deployment. With sufficient isolation between the two layers, significant user throughput benefits can be achieved with dynamic TDD even without complicated interference coordination schemes. In case of multiple indoor picos deployment, as long as there is no strong LOS propagation among multiple pico nodes, dynamic TDD could still be beneficial. 
· Outdoor pico: When an outdoor pico layer deployed on a separate frequency without an in-band macro layer, although good isolation can be provided between the macro layer and the pico layer, the radio link between multiple outdoor pico nodes needs to be considered. In a given scenario in [2] where a larger fraction of cells, around half, the isolation is very good, and the other half very bad, but only to a limited number of cells. For this scenario dynamic TDD provides benefits similar to the isolated cell in low load but for higher loads some degradation in gains should be seen. 

According to discussions above, we have the following observations
Observation 1: Isolation in space or spectrum is required for dynamic TDD and the benefits of dynamic TDD is significant if sufficient isolation to the closest active node can be provided. 
Observation 2: When significant isolation cannot be provided, some coordination is needed to mitigate the eNB-to-eNB and/or UE-to-UE interference.
Observation 3: The complexity of the interference mitigation schemes needed for dynamic TDD is dependent on the deployment scenarios.
Based on the observation, we have the following proposals
Proposal 1: RAN1 should prioritize deployment scenarios most likely requiring no or simple interference coordination requirement, e.g., indoor picos on separated frequencies.
Proposal 2: RAN1 should as a second step focus on scenarios requiring more complicated interference mitigation to expand the range of applicability of dynamic TDD. 
3. Conclusion

Based on the discussion, we had the following observations 
Observation 1: Isolation in space or spectrum is required for dynamic TDD and the benefits of dynamic TDD is significant if sufficient isolation to the closest active node can be provided. 

Observation 2: When significant in sufficient isolation cannot be provided, some coordination is needed to mitigate the eNB-to-eNB and/or UE-to-UE interference if dynamic TDD is targeted to be applied.
Observation 3: The complexity of the interference mitigation schemes needed for dynamic TDD is dependent on the deployment scenarios.

Based on the observations, we have the following proposal
Proposal 1: RAN1 should prioritize deployment scenarios most likely requiring no or simple interference coordination schemes, e.g., indoor picos on separated frequencies.

Proposal 2: RAN1 should as a second step focus on deployment scenarios requiring more complicated interference mitigation techniques to expand the range of applicability of dynamic TDD. 
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