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1 Introduction
In RAN1#72 meeting, it was agreed that the following four scenarios should be supported in Rel-12 LTE TDD eIMTA work item [1]:
· 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

Among these, Scenarios 3 and 4 are to be taken as first priority for further evaluation and design.
In this contribution, we discuss the interference mitigation schemes for Scenarios 3 and 4.
2 Discussion
For Scenarios 3 and 4, interference in TDD eIMTA can be managed by the combination of cell clustering, assignment of UL-DL configurations, and power control. Details of the implementation are described in the following three subsections.
2.1  Cell Clustering 
Cell Clustering Interference Mitigation (CCIM) is to divide cells into cell clusters according to some metric(s), such as the coupling loss, interference level, etc. between cells. eNB measurement is one way to determine the potential eNB-to-eNB interference level so as to properly form the cell clusters.
To support the eNB measurement, an additional UE receiver should be equipped in the eNB side. This UE receiver is supposed to measure the CRS and/or CSI-RS of neighbor eNBs to determine the eNB-to-eNB interference level. However, for Scenario #3 and Scenario #4, DL transmission is not possible when the eNB is performing measurement because the transmitted signal may leak into the receiver band, which creates interference saturating the radio front end stages. In addition, when an eNB is performing eNB-to-eNB measurement, the UL transmission should be suspended to avoid the collision of UL transmission and the DL reference signal from neighbor eNBs, which may deteriorates the measurement results. Although the UL data transmission can be controlled by the scheduler, SRS and PRACH cannot be prevented from UE UL transmission. 

Proposal 1: eNB to eNB measurement is one way to properly form the cell clusters. The operation of eNB measurement should consider the problems mentioned above and be further studied.  

2.2 Assignment of UL-DL configurations 

According to [2], the active transmissions of all cells in each cell cluster shall be either uplink or downlink in any subframe or a subset of all subframes, which implies some subframes of same-cluster cells may have opposite transmission directions. For subframes with the same direction, the interference condition is the same as that of a normal TDD system. For those not, eNB-to-eNB interference may occur, which severely deteriorates the UL performance. The reason for the different transmission directions may be due to the concern that the gain of dynamic TDD may diminish if cells with quite different traffic patterns are forced to have the same UL-DL configuration. However, based on the results of simulations conducted in the Study Item phase, the gain of dynamic TDD exists at low-to-medium traffic load. With light traffic load, the gain of dynamic TDD may decrease but would not diminish. 
Proposal 2: When cells in the same cluster have the same UL-DL configuration, interference is easier to manage. This constrain does not diminish the gain of dynamic TDD.

2.3 Power control

Although cells belonging to different clusters have the coupling loss larger than a certain threshold, it does not mean interference among clusters can be ignored. For instance, suppose a power allocation agent is responsible for determining the transmit powers of cells under its control. Generally, this agent solves an optimization problem by setting an objective function (e.g., minimizing the sum of transmit powers of cells under control) and several constraints (e.g., each cell has a target SINR, transmit power should fall within an allowable range). An example for the operation of the interference management is as follows. 
1. Each cluster indicates the preferred UL-DL configuration according to the traffic pattern. 
2. For each subframe that may have different transmission directions, the power allocation agent solves the power allocation optimization problem. 

3. If solutions exist under the UL-DL configurations indicated by clusters, the transmit power for each cell has been determined. If not, the UL-DL configurations of some clusters are changed and go back to Step 2. 

The above three-step example can be executed offline as well, where the power allocation agent pre-calculates the transmit powers of cells for all combinations of UL-DL configurations of clusters under its control. 

The above example demonstrates that interference in eIMTA Scenarios 3 and 4 can be managed by means of the combination of cell clustering and scheduling dependent methods, where the scheduling is based on the power allocation (DL) and control (UL) and the transmit directions of clusters. Other scheduling parameters can also be used, e.g., link adaptation, resource allocation, and so on.
The difference between Scenarios 3 and 4 is the presence of the adjacent-channel Macro cell in the latter scenario. The example shown above is applicable to both scenarios. In Scenario 4, since the pico and macro cells operate at adjacent carrier frequencies, the macro cell is treated as another single-cell cluster where the interference among other clusters need to take the adjacent channel leakage ratio (ACLR) into consideration.
Proposal 3: In Scenarios 3 and 4, interference can be managed by the combination of cell clustering and scheduling dependent methods, where the scheduling is based on the power allocation/control and the transmit directions of clusters. Other scheduling parameters can also be used.
3 Conclusion
In this paper, interference mitigation schemes for the scenario 3 and 4 are discussed, which can be done by the combination of cell clustering, assignment of UL-DL configurations, and power control. Proposals are summarized as follows.

Proposal 1: eNB to eNB measurement is one way to properly form the cell clusters. The operation of eNB measurement should consider the problems mentioned above and be further studied.  
Proposal 2: When cells in the same cluster have the same UL-DL configuration, interference is easier to manage. This constrain does not diminish the gain of dynamic TDD.
Proposal 3: In Scenarios 3 and 4, interference can be managed by the combination of cell clustering and scheduling dependent methods, where the scheduling is based on the power allocation/control and the transmit directions of clusters. Other scheduling parameters can also be used.
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