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Discussion 
1. Introduction

The 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 deployment scenarios are listed and analyzed for discussion when we consider the introduction of dynamic TDD UL/DL reconfiguration to small cells. 

2. Possible deployment scenarios for dynamic TDD UL/DL reconfiguration
It is known that cross link interference will be caused in the conflicting subframes if the neighboring cells are configured with different TDD UL/DL configurations, such as eNB-to-eNB interference and UE-to-UE interference. When high transmission power is used in eNB’s downlink transmission and LOS between neighboring eNBs, severe eNB-to-eNB interference will prevent obtaining performance gain of dynamic TDD UL-DL reconfiguration. So Macro cell is not appropriate to adopt this feature. Compared with Macro cell, it is more promising to use dynamic TDD UL-DL reconfiguration in small cells (Pico or Femto) because low transmission power and high channel attenuation between small cells. 
In study item phase, several kinds of scenarios have been evaluated in RAN1, such as isolated outdoor Pico cell scenario, multiple outdoor Pico cell scenario and Macro-multiple outdoor Pico with co-channel interference scenario. The evaluation results and observations have been captured in the corresponding TR36.828, which was approved in RAN#56 meeting [2]. Besides this, the coexistence study has also been evaluated in RAN4 to identify the appropriate scenarios to deploy dynamic TDD reconfiguration feature. Based on those study results, the analysis is given in the following sections.

2.1 Scenario 1: isolated small cell
In study item phase, the first scenario evaluated in RAN1 is isolated outdoor Pico cell scenario. In this scenario, there is no inter-cell interference. Base station can dynamically adjust the TDD UL/DL configuration to match the traffic fluctuation in downlink and uplink. So the performance in this isolated scenario can be a benchmark or upper bound. According to the e-mail discussion in [3] and the evaluation results in [4], dynamic TDD UL/DL reconfiguration can provide up to 39.9% throughput gain in low traffic load case compared with fixed TDD UL/DL configuration in isolated cell scenario and faster TDD UL-DL reconfiguration provides larger benefits than slower TDD UL-DL reconfiguration. In this sense, isolated small cell is appropriate to apply the feature of dynamic TDD UL-DL reconfiguration.

2.2 Scenario 2: Multiple small cells without Macro coverage or operated on different bands with Macro
This scenario refers to the deployment of multiple small cells with the dedicated frequency band and such small cells may be neighbour to each other, but without the coverage of Macro-cells or small cells are operated on  different frequency bands. Considering the fragmentation of spectrum resource, this scenario may be beneficial to operators that have a fragmented frequency spectrum and some of this spectrum is at high frequency band and not suitable for wide area coverage. Such frequency band can be efficiently utilized for small cell  capacity boosting purpose. 

In this scenario, UL-DL interference may be caused if each small cell independently selects its own favoured TDD UL/DL configuration without coordination between neighboring small cells. However, the severe cross-link interference between Macro eNB and Pico eNB can be avoided. 

2.3 Scenario 3: small cells within Macro coverage and operated on adjacent channel
For scenario 3, macro cells and small cells are operating in same band but with different carriers, macro cell could provide the wide area coverage and small cells provide the capacity boost in the hotspot region. In study item phase, this scenario has been evaluated in RAN1. The evaluation results show that performance gain is obtained in pico cell downlink and in pico cell uplink for low traffic load case compared with fixed TDD UL-DL configuration. 

Besides this, since small cells are deployed within Macro coverage, Macro eNB can be seen as a centric node and coordinate the UL-DL interference between neighboring small cells. In that sense, dynamic TDD UL-DL reconfiguration is likely to obtain performance gain and avoid high interference between two base stations.

2.4 Scenario 4: small cells within Macro coverage and operated on co-channel
This scenario may be the most challenging scenario considering the interference from Macro cell’s downlink transmission to small cells’ uplink receiving especially when Macro cell and small cell are operated on the same carrier. For the purpose of wide area coverage, Macro eNB uses high transmission power in downlink which causes severe interference to small cells’ uplink transmission when Macro cell and small cell have opposite transmission directions. On the other hand, since small cells have a high probability to select DL-heavy configuration due to the asymmetric feature of traffic in downlink and uplink, small cells’ downlink transmission will also cause severe interference to Macro cell’s uplink transmission. In addition, Macro UE-to-Small cell UE interference will also have impact on small cell UE’s downlink receiving especially when Macro UE is located near to small cell and uses high transmission power to compensate the large-scale loss to Macro eNB. 

In study item phase, this scenario has been evaluated in RAN1. According to the observations, we can see significantly decreased UL packet throughput for both Macro and Pico cells if no interference mitigation scheme is adopted.
Therefore, in such a deployment case, proper interference mitigation is necessary such that dynamic TDD UL/DL reconfiguration in small cells is not prohibited due to severe eNB-to-eNB interference.
Based on above analysis, we have following proposal,

Proposal: The scenarios with multiple small cells, without Macro coverage or operated on different bands with Macro, shall have the highest priority for further study in work item phase. Isolated small cell scenario shall also be supported with secondary priority.
3. Conclusion
In this contribution, we list some possible scenarios and analyze the benefits and challenges when dynamic TDD UL/DL reconfiguration is introduced to LTE TDD system for traffic adaptation in uplink and downlink. In general considering the performance gain, workload and standard impacts, careful selection on the deployment scenarios for the study in the work-item phase is required. Based on the discussions in this document we propose: 
Proposal: The scenarios with multiple small cells, without Macro coverage or operated on different bands with Macro, shall have the highest priority for further study in work item phase. Isolated small cell scenario shall also be supported with the secondary priority. 
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