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1 Introduction

Deciding on deployment scenarios and related interference mitigation schemes is one aspect of the new work item created for Rel-12 to enable TDD UL-DL reconfiguration for traffic adaptation in small cells [1]:

“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)”
This contribution discusses interference scenarios and schemes for interference mitigation through Macro UL subframe blanking for dynamic TDD UL-DL reconfiguration. 
2 Interference scenarios
During Rel-11 TDD IMTA SI, co-channel deployment scenarios have been discussed between Macro cell and Pico cell or between Pico cells. In case that Macro cell with static TDD UL-DL configuration and Small cells with dynamic TDD UL-DL configuration are mixed up, a Pico cell can suffer from interferences from both Macro cell and the other Pico cells. Those interferences may have an impact on data throughput of the victim Pico cell. Accordingly, they should be analyzed as scenarios for interference mitigation. First of all, interference from Macro cell is discussed because Macro cell is higher power node than Pico cell and then Macro cell may have a bigger impact than Pico cell. After that, interferences from Pico cells are discussed as a second step.
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Figure 1: Interference scenario from Macro UE to Pico UE.
Figure 1 shows interference situation for Pico UEs from Macro UEs. In Figure 1, UL signals by Macro UE can interfere with DL reception by Pico UE when Macro cell has UL subframe and Pico cell has DL subframe depending on dynamic TDD UL-DL reconfiguration. This paper mainly focuses on interference from UL signals by Macro UEs. It is noted that interference from DL signals including CRS by Macro eNBs is discussed in companion paper [2].
3 Interference mitigation schemes
To prevent interferences as above, the following two approaches are discussed for interference mitigation between Macro cell and Pico cell. 
· Scheduling dependent interference mitigation
· UL blank subframe configuration
Scheduling dependent interference mitigation
Scheduling dependent interference mitigation scheme is to blank UL signals from Macro UEs on a UL subframe based on scheduling by Macro eNB. For an example, to prevent interference from UL signals (e.g., PUCCH and PUSCH) by neighbor Macro UEs to DL reception by Pico UEs, Macro eNB may try to not transmit DL assignment and UL grant to the Macro UEs in previous corresponding DL subframes. And then the Macro UEs will not produce interferences by PUCCH and PUSCH on the UL subframe where the Pico eNB utilize as a DL subframe to transmit DL signal to Pico UEs depending on dynamic TDD UL-DL reconfiguration. Under that protection, Pico cell can work well without some interference from Macro cell. This scheme has an advantage of no impact on spec. because it does not need new signaling and procedure in RAN1 perspective. Also, there is no impact on legacy UEs because it depends on just scheduling by Macro eNB. On the other hand, additional interference by Macro UEs can be occurred due to false alarm of UL grant by Macro UEs. That is, even though Macro eNB have tried to not transmitt UL grant to the Macro UE on a previous corresponding DL subframe, Macro UEs can detect false UL grant on the DL subframe and then it can produce interference by false PUSCH. Further issues due to false alarm are discussed in companion paper [3]. In addition, this scheme may not be a perfect solution to mitigate interferences from other cells because each eNB has to control its scheduling for itself without any coordination between eNBs.
UL Blank subframe configuration
Blank subframe configuration is a method to blank signals in specific subframes based on subframe configuration by Macro eNB. As an example, when UL signals by Macro UEs on a UL subframe may interfere with DL reception by Pico UEs, Macro eNB can configure a previous DL subframe corresponding to the UL subframe as blank subframe (e.g., ABS in Rel-10) in order to block UL signals on the UL subframe. It is noted that the DL subframe cannot be blanked perfectly due to CRS transmission in legacy system. UL signals from Macro UE can be blocked by this solution and then Pico UE can receive DL data from Pico eNBs without severe interference. On the other hand, UL subframe where UL signals by Macro UEs can be transmitted can be blanked. When UL signals by Macro UEs may interfere with DL reception by Pico UEs, Macro eNB can configure the UL subframe where UL signals by Macro UEs can be transmitted as blank subframe and then Macro eNB will not transmit DL signals (e.g., UL grant and DL assignment) to Macro UEs on previous DL subframes corresponding to the UL subframe. So, UL signals from Macro UE are not occurred according to UL blank subframe configuration and then Pico UE can receive DL data from Pico eNB without severe interferences from Macro UEs. To introduce interference mitigation based on UL blank subframe configuration, new X2 message between Macro eNB and Pico eNBs is needed. In addition, comparing to scheduling dependent interference mitigation scheme, this scheme with new signaling indicating UL blank subframe configuration to Macro UEs does not cause false alarm problem due to detecting false UL grant by Macro UEs.
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Figure 2: Interference scenario from Macro UE and one Pico UE to the other Pico UE.
As a second step, in addition to interference from Macro UEs, interferences from Pico cells are further discussed in Figure 2. Figure 2 shows interference situation from both Macro UE and one Pico UE to the other Pico UE. In Figure 2, DL reception by Pico UE suffers from interferences from both UL signals by Macro UEs and the other Pico UEs. When there exist Pico cell 1(Pico eNB 1, Pico UE 1) who has a subframe with a same direction to Macro cell and Pico cell 2(Pico eNB 2, Pico UE 2) who has a subframe with a different direction to Macro cell, UL subframe where UL signals by both Macro UE and Pico UE 1 may be transmitted can be blanked according to either scheduling dependent interference mitigation or UL Blank subframe configuration. As an example depending on UL Blank subframe configuration, both Macro eNB and Pico eNB 1 will not transmit DL signals (e.g., UL grant and DL assignment) to their serving UEs on previous DL subframes corresponding to the UL subframe. So, UL signals from both Macro UE and Pico UE 1 are not occurred and then Pico UE 2 can receive DL data from Pico eNB 2 without severe interferences from Macro UE and Pico UE 1. Therefore, UL Blank subframe configuration can be utilized to prevent interferences from other cells without false alarm problems under both co-channel deployment scenarios between Macro cell and Pico cell or between Pico cells.
4 Conclusions
This contribution discussed interference scenarios and the methods to mitigate interferences in TDD eIMTA. The following two methods have been discussed for Rel-12 TDD eIMTA and should be further investigated in RAN1.
· Scheduling dependent interference mitigation

· UL blank subframe configuration
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