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1. Introduction and Background
In Rel-11, studies on “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” were completed. The evaluation results show that flexible TDD UL-DL configuration is beneficial by matching the instantaneous traffic situation, as provided in [1]. In the following, a Rel-12 work item was approved in RAN#58 [2]. In this contribution, we provide our considerations on the application of flexible TDD UL-DL reconfiguration.
2. Consideration on flexible TDD UL-DL configuration

If flexible TDD UL-DL configuration is to be introduced in Rel-12, several questions should be considered in the first place:
· What is the interested application scenario: outdoor or indoor ? pico or femto? legacy carrier or NCT?
· Whether the interference mitigation scheme (IM) is mandatory for eNB? If so, how to implement it?

· Which TDD UL-DL reconfiguration time scale/method should be used?
· What is the other potential impact on specification, e.g., HARQ, RRM/CSI measurements, etc.?
In the following, we provide our observations on each topic in detail:

2.1. Application scenarios 
In [1], the potential and practical application scenario where flexible TDD UL-DL configuration is practical and beneficial is listed:
Scenario 1: multiple femto cells only
Scenario 2: multiple femto cells with Macro cells deployed on an adjacent carrier

Scenario 3: multiple outdoor pico cells only
Scenario 4: multiple outdoor pico cells with multiple Macro cells deployed on an adjacent carrier
For Scenario 1, femto-cell and macro-cell use different bands, e.g., femto-cell occupies band 40 (2320 – 2370MHz) for indoor deployment, while macro-cell uses band 38 (2570 – 2620MHz) for outdoor coverage. Thus it can be assumed that there is no interference between macro and femto. However, for Scenario 2, when femto-cell and macro-cell are deployed on adjacent carriers, the interference due to leakage between femto-cell and macro-cell must be taken into account. 
In Scenario 3 and Scenario 4, outdoor pico-cell is studied, which is more challenging than femo-cell, however, since isolation of building penetration loss cannot be provided between outdoor pico-cell and macro-cell. As a result, sophisticated interference mitigation scheme must be designed for the two scenarios. 
These Scenario 1 -4 are all possibly to be deployed in the future network, hence, from our perspective, at least scenario 1~4 should be supported in eIMTA WI. Nevertheless, among the 4 scenarios, regarding indoor femto-cells, one the one hand, in Rel-12, small cell enhancement with optimization for indoor hotspot is considered, which  may require flexible TDD UL-DL configuration to further enhance the performance of indoor cells; on the other hand, the coverage and the user number of femto-cell is usually small, so the traffic variation is possibly more obvious for femto than that of pico, which means flexible TDD UL-DL configuration is beneficial for this dynamic traffic scenario. Therefore, it seems harmless if the scenarios with femto-cell (Scenario 1 and Scenario 2) are identified as the starting point for application of flexible TDD UL-DL configuration. 
Proposal 1: at least scenario 1~4 are proposed to be supported in eIMTA WI.
2.2. Backward compatibility
Regarding the application of flexible TDD UL-DL configuration, except for the potential application scenarios, the backward compatibility should also be clarified. In general, there are 3 alternatives considering the support for legacy UE:
· Alt 1: Legacy UE and new UE  (i.e., UE supporting flexible TDD UL-DL configuration)  have the same understanding of TDD UL/DL configuration on the same carrier
· For Alt. 1, legacy UE can also benefit from the flexible TDD UL/DL reconfiguration with new UE on the same carrier, but it is quit challenging since only current system information signalling can be employed to notify legacy UE about TDD UL/DL reconfiguration.
· Alt 2: Legacy UE and new UE have different understanding of the TDD UL/DL configuration on the same carrier
· For Alt. 2, legacy UE and new UE operates on the same carrier, but have different explanations of the current TDD UL-DL configuration, e.g., legacy UE follows the TDD UL/DL configuration signalled in SIB1, while new UE is indicated by high-layer or physical signalling. Alt. 2 ensures that flexible TDD UL-DL can be used on legacy carrier, but the impact of flexible TDD UL/DL configuration to legacy UE, e.g., RRM measurement and HARQ timeline, should be investigated.
· Alt 3: Legacy UE cannot access the carrier supporting flexible TDD UL/DL configuration
· For Alt. 3, it means flexible TDD UL/DL configuration is mainly employed on NCT without the support for legacy UE. The design for flexible TDD can be simplified/optimized, but the scope of its application is restricted as well.

2.3. Interference mitigation (IM) schemes
If flexible TDD UL-DL configuration is employed, the cross interference between DL and UL exists, especially, the interference from DL transmission to UL reception can seriously degrade the UL performance,  unless sufficient space isolation can be provided between different cells. But it cannot be confidently assumed in the practical network, especially between outdoor pico-cell and macro-cell due to lack of building penetration loss. . Therefore, from the perspective of UL performance of neighbor cells and the whole network, the capability to perform interference mitigation may be mandatory for eNB, if flexible TDD UL-DL configuration is adopted. In [1], several interference mitigation schemes are discussed, such as cell clustering interference mitigation, scheduling dependent interference mitigation, interference mitigation based on eICIC/FeICIC, interference suppressing interference mitigation. However, to employ the interference mitigation scheme, several questions must be investigated and clarified: 
· Do we need to specify the eNB behavior s for IM purpose, e.g., how to perform inter-eNB measurement, or interference mitigation?

· For cell clustering scheme, do operators need to have ideal backhaul in a cluster, or just over-the-air communication among cell cluster is sufficient?
· If inter-eNB measurement is necessary for eNB to support flexible TDD UL-DL configuration, what is the measurement periodicity/gap, and how to keep communication with UEs when eNB are operating measurement? 

Proposal 2: Interference mitigation schemes are necessary for flexible TDD UL-DL configuration. Otherwise, sufficient space isolation must be provided between different cells, which however cannot always be guaranteed in realistic deployment.
2.4. TDD UL-DL reconfiguration methods
Considering different adaptation time scales, different TDD UL-DL reconfiguration methods are provided in [1]: 

Alt. 1: System information, e.g., SIBx or new common control channel
· For Alt. 1, the current SIB signaling can be reused to indicate the TDD UL/DL configuration, so accordingly, the reconfiguration periodicity is 640ms or more. 

· Alternatively, a new common control channel broadcasted to all UEs can be defined to signal TDD UL/DL configuration. Besides UL/DL configuration information, this new channel can also include other common control information, such as carrier index, CSI-RS configuration, transmission power, etc. The reconfiguration time scale with the new common control channel can be smaller than 640ms, e.g., with periodicity of 40ms or 80ms.
Alt. 2: PHY-layer signaling
· For Alt. 2, explicit or implicit PHY-layer signaling can be utilized with time scale of adaptation on the order of 10ms. Such signaling method can gain the most benefit as a result of the smallest reconfiguration periodicity of 10ms. But since no HARQ or error recovery procedure process is provided for physical-layer signaling, the reliability should be studied. In addition, the impact of interference fluctuation should also be considered.
Alt. 3: MAC control element signaling

· For Alt. 3, the time scale of adaption is on the order of a few tens of ms. However, the transmission reliability and the ambiguity issue of MAC CE should be investigated.

Alt. 4: Dedicated RRC signaling

· For Alt. 4, the time scale of adaption is on the order of 200ms. The impact of Alt.4, e.g., the signaling overhead and reliability, ambiguity issue, etc., should also be fully evaluated.
Proposal 3: The selection of TDD UL-DL reconfiguration method should be considered from many different perspectives, e.g., reconfiguration time scale, signaling overhead and reliability, ambiguity issue, impact to specification, etc.
2.5. Other impact with flexible TDD UL-DL configuration

There are huge distinction between flexible TDD UL-DL configuration and current TDD system with static/almost-static TDD UL-DL configuration, consequently, if flexible TDD UL-DL configuration is employed, the impact on the current TDD system should be fully investigated, e.g.:
· How to design HARQ timeline during reconfiguration boundary for new UE? There are several principles can be considered, e.g.:

· Keep the same HARQ timeline operation, i.e., the same HARQ timing table for new UE and legacy UE

· Minimize the ACK/NACK blocking during UL/DL reconfiguration

· Whether to restrict reconfiguration flexibility, e.g., to simplify HARQ or measurement procedure?
· Potential issues on the PHY/high-layer procedures with flexible TDD UL-DL configuration:

· RRM measurements/CSI reporting

· paging and handover procedure
· CA with flexible TDD UL-DL configuration

Proposal 4: If flexible TDD UL-DL configuration is introduced, the impact on the current TDD system should be fully investigated, e.g., HARQ/scheduling timeline during reconfiguration period, RRM/CSI measurements and feedback, paging and handover procedure, CA with flexible TDD UL-DL configuration, etc.
3. Conclusion
In this contribution, our considerations on flexible TDD UL-DL configurations are provided. Based on the above discussions, we have the following observations:
Proposal 1: at least scenario 1~4 are proposed to be supported in eIMTA WI.
Proposal 2: Interference mitigation schemes are necessary for flexible TDD UL-DL configuration. Otherwise, sufficient space isolation must be provided between different cells, which however cannot always be guaranteed in realistic deployment.

Proposal 3: The selection of TDD UL-DL reconfiguration method should be considered from many different perspectives, e.g., reconfiguration time scale, signaling overhead and reliability, ambiguity issue, impact to specification, etc.

Proposal 4: If flexible TDD UL-DL configuration is introduced, the impact on the current TDD system should be fully investigated, e.g., HARQ/scheduling timeline during reconfiguration period, RRM/CSI measurements and feedback, paging and handover procedure, CA with flexible TDD UL-DL configuration, etc.
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