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1 Introduction

In RAN1#72, deployment scenarios for Rel-12 LTE TDD eIMTA were agreed [1]:

· At least the multi-cell scenarios that show feasibility during study item phase should be supported in Rel-12 LTE TDD eIMTA work item, as the following

· Scenario 1: Multiple Femto cells deployed on the same carrier frequency

· Scenario 2: Multiple Femto cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and Femto cells can adjust UL-DL configuration

· Scenario 3: Multiple outdoor Pico cells deployed on the same carrier frequency

· Scenario 4: Multiple outdoor Pico cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration

· Take scenarios 3-4 with the first priority for further evaluation and design
· FFS if other scenarios shall be considered in this work item, e.g. multiple operators deploying small cells with eIMTA operations on adjacent channels, co-channel macro-pico case (scenario 6 as in TR)

As noted above, it was agreed to take scenarios 3~4 as first priority for evaluation and design for the support of eIMTA. This contribution discusses the interference situations and interference mitigation schemes for dynamics TDD UL-DL reconfiguration with focus on scenarios 3~4. 
2 Interference situations
As mentioned above, scenarios 3 and 4 were taken as the high priority scenarios for evaluation of eIMTA. Scenario 3 is for evaluating networks with multiple outdoor Pico cells deployed on the same carrier frequency. On the other hand, scenario 4 is for evaluating networks with multiple outdoor Pico cells deployed on one carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency. Additionally, in scenario 4, all Macro cells have a common UL-DL configuration while outdoor Pico cells can individually adjust UL-DL configuration. Figure 1 shows the deployment and interference situations where only Pico cells with dynamic TDD UL-DL configuration exist for scenario 3 while Figure 2 shows the deployment and interference situations where a Macro cell with static TDD UL-DL configuration and Pico cells with dynamic TDD UL-DL configuration coexist for scenario 4.
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Figure 1: Interference situations for scenario 3
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Figure 2: Interference situations for scenario 4.
In Figure 1, due to the dynamic TDD UL-DL reconfiguration of Pico cells, a number of interference situations can happen. More specifically, mismatch of the UL-DL configurations of the Pico cells can result in the following:
1.  UL signal by a Pico UE causing interference on the DL reception of other Pico UEs
2.  DL signal by a Pico eNB causing interference on the UL reception of other Pico eNBs
In Figure 2, due to the dynamic TDD UL-DL reconfiguration in the Pico cell layer, the following interference situation can happen in addition to the situations mentioned for Figure 1.
3.  UL signal (on f1) by a Macro UE causing interference on the DL reception (on f2) of Pico UEs

4.  DL signal (on f1) by a Macro eNB causing interference on the UL reception (on f2) of Pico eNBs

Note that the interference between the Macro cell layer and the Pico cell layer for Figure 2 is between the signals of two different carrier frequencies. Although the impact of such interference is relatively less adverse comparing with that of co-channel situations, it might not be insignificant considering the fact that higher transmission power is used in the Macro cell layer. Considering this aspect, an interference mitigation scheme that takes into account the interference in the Macro/Pico cell layer as well as the Pico cell layer is discussed in the following section.
3 Interference mitigation schemes
The following two approaches are discussed for interference mitigation within a Pico cell layer for scenario 3 and between a Macro/Pico cell layers for scenario 4: 
· Cell clustering interference mitigation scheme
· Scheduling dependent interference mitigation scheme
Cell clustering interference mitigation scheme
Cell clustering interference mitigation (CCIM) scheme groups cells into multiple cell clusters depending on long-term channel information such as coupling loss to mitigate interferences between cells in a cluster. A cluster utilizes a common TDD UL-DL configuration that can be reconfigured simultaneously for all the cells in the cluster based on data loading. As a result, with CCIM, eNB-to-eNB interference and UE-to-UE interference between cells within a cluster can be avoided. Therefore, CCIM can be applied for interference mitigation for scenario 3. Figure 3 shows how CCIM scheme operates in scenario 3. In Figure 3, each cluster consists of 3 cells where the cells in the cluster have a common TDD UL-DL configuration according to the data loading. Since the cells in the cluster have a common TDD UL-DL configuration, a cell in a cluster can operate without eNB-to-eNB interference and UE-to-UE interference from other cells in the same cluster. 
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Figure 3: Cell clustering interference mitigation for scenario 3

On the other hand, interferences generated between clusters in scenario 3 and between Pico/Macro layers in scenario 4 cannot be controlled by CCIM. Therefore, additional interference mitigation schemes such as scheduling dependent interference mitigation (SDIM) scheme would be needed to mitigate such interferences. Additionally, the benefits of dynamic UL-DL reconfiguration is limited since the cells within a cluster are determined based on long-term channel status and a common TDD UL-DL configuration is applied for all cells in a cluster. 

To support additional flexibility for each cell, clustering and de-clustering depending on dynamic ON/OFF switching of cells and traffic situation of each cell should be considered. In addition, to introduce interference mitigation schemes based on CCIM, network architectures or operations that take into account the situations in individual cells and then make determination on TDD UL-DL re-configuration should be further considered. 
Scheduling dependent interference mitigation scheme
Scheduling dependent interference mitigation (SDIM) scheme can be utilized for blanking UL signals from Macro UEs on a UL subframe and DL signals from Macro eNB on a DL subframe based on the scheduler operations in a Macro eNB for scenario 4. It is noted that SDIM can be used to mitigate interferences between inter-clusters in scenario 3 (e.g., interferences from Pico UEs and Pico eNBs of neighbor clusters with different TDD UL-DL configurations). For example, to prevent interference from UL signals (e.g., PUCCH and PUSCH) of neighbor Macro UEs to DL reception by Pico UEs, Macro eNB may determine to not transmit DL assignments and UL grants to the Macro UEs in corresponding DL subframes. As a result, the Macro UEs will not transmit PUCCH and PUSCH on the UL subframe where the neighboring Pico eNBs utilize as a DL subframe depending on dynamic TDD UL-DL reconfiguration. Additionally, Macro eNBs may opt not to transmit DL assignments to the Macro UEs in DL subframes so that interference from DL signals (e.g., PDCCH and PDSCH) of Macro eNB to neighbor Pico eNBs can be avoided. The advantage of this scheme is that it does not require additional specification support since all the operations can be done using the existing signalings and procedures. Another benefit is that there is no impact on legacy UEs because it depends solely on Macro eNB scheduling. On the other hand, additional interference by Macro UEs can occur in the event of a false alarm on UL grant by Macro UEs. That is, even though Macro eNB opted not to transmit UL grant to the Macro UEs, Macro UEs may falsely detect UL grants on the DL subframe and generate PUSCH interference.
SDIM scheme may not be a full solution to mitigate interferences from other cells because each eNB has to control its scheduling for itself without any coordination between eNBs. Therefore, if SDIM scheme is not enough to mitigate interferences from Macro cell or Pico eNBs of neighbor clusters, additional methods such as UL blank subframe configuration (e.g., X2 signaling between Macro eNB and Pico eNBs which is similar to ABS in Rel-10), power control and/or FDM-ICIC [2]  can be considered.
4 Conclusions
This contribution discussed interference for scenarios 3~4 and the methods to mitigate interferences for these scenarios in TDD eIMTA. Based on the discussion, cell clustering interference mitigation (CCIM) and scheduling dependent interference mitigation (SDIM) schemes can be used in a mutually complementary manner to mitigate interferences in both scenario 3 and 4. However, CCIM and SDIM may provide only partial solutions for interference mitigation in eIMTA. Therefore, additional methods, such as UL blank subframe configuration, power control and/or FDM-ICIC, should be considered in conjunction to CCIM and SDIM to provide complementary functionalities for effective interference mitigation in eIMTA and preserve throughput gains for eIMTA.
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