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1 Introduction
In has been argued in [1] that enhanced interference management is required for the co-channel deployment of HetNets. It is necessary to enhance backhaul based Rel 8/9 mechanism in order to protect control channels and improve data interference management. In this contribution, high level overview of the extension of the Rel 8/9 procedure suitable for interference management in HetNets is provided.
2 Control and data interference management
It is relatively straightforward to enhance Rel 8/9 interference management procedure to make it suitable for the co-channel deployments of HetNets. We need to extend the High Interference Indicator (HII) message to include the control channel. 
The current control channel design is TDM based, and in order to provide interference protection and extend upon existing backhaul based messaging, a simple solution is to enhance High Interference Indicator (HII) message to include time component. For example, in a synchronized scenario, assuming 50-50 split, one cell can be assigned odd and the other cell can be assigned even subframes. Introduction of the time component not only provides interference protection for the control channels, but for the data channels as well.

The UE needs to be at least partially aware of the split of resources among cells in order to correctly perform radio link failure procedure. Resources assigned to high interfering cell could create significant interference to the UE. These resources must not be included in the radio link failure procedure; otherwise, UE would declare radio link failure, eventhough it would be able to reliably receive data on (assuming the example given above)  50% of subframes. 

An alternative design would be to define new control channel that is more suitable for planned reuse, and enhance High Interference Indicator (HII) message to coordinate resource partitioning for the control and data channels. 
In this contribution, we focus on the time domain split and legacy control channel design. Similar procedure would apply if new control channel more suitable for planned reuse (for example FDM or FDM-TDM based) is designed.  
2.1 Macro – femto scenario 
Figure 1 is illustrates resource partitioning example between a macro and a femto cell. Timeline for 4 consecutive radio frames is shown. Macro cell can use all available resources to scheduler traffic, while femto cell has to leave some resources open for macro UEs that may get into the coverage area of the femto cell. Synchronization of the femto and macro cells is desired in order to partition resources on subframe basis and to coordinate resource (subframe) utilization for all femto cells within macro coverage. 
For each assigned subframe on DL, there is a corresponding UL subframe. This is necessary in order to maintain reliable DL channel performance required for synchronous HARQ on UL. Note that macro eNB should not schedule UEs close to the femto eNB on resources used by femto cell in order to prevent excessive interference on the femto cell.
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Figure 1: Partitioning of resources (subframes) between macro and femto cells. Macro cell can use all subframes. Femto cell must not use all subframes in order to allow macro UE to get service in femto cell coverage. In this example, femto cell utilizes only half of resources. Synchronization between macro and femto cell is required (otherwise, femto cell must not utilize two consecutive subframes in order to allow at least one macro subframe to be protected).
2.2  Femto – femto scenario
Figure 2 shows resource partitioning example between two femto cells. Synchronization between the cells is required. Note that femto cells must leave at least 1/8th of subframes un-utilized in order to allow macro UEs that get into coverage area of both femto cells to receive service on the macro cell. 
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Figure 2: Partitioning of resources (subframes) between two femto cells. Femto cell j, utilizes only 3/8 of resources and femto cell I utilizes ½ of resources, leave 1/8 of resources for macro UEs that interfered with both femto cells to receive service. Synchronization between femto cells is required.
2.3 Macro – pico/RRH scenario 
Figure 3 illustrates a heterogeneous network, where picos/RRHs are placed into the macro network. This scenario creates DL/UL imbalance due to differences in transmit power between macro and pico/RRH eNBs. Range expansion is highly desirable to improve mobility performance and/or improve capacity using load balancing. In order to enable range expansion, network synchronization is desired. However, it order to obtain good part of the performance improvement due to range expansion, only synchronization between pico/RRH node and macro eNB that creates dominant interference is required.   
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Figure 3: Cell synchronization that facilitates resource partitioning required only between pico/RRH and macro eNB cells that creates dominant interference. In practice, interference from un synchronized macro cells partially impacts range expansion capability only for pico/RRH cells at the cell boundary between two macro eNBs.

For example, all Pico/RRH eNBs are deep inside coverage of macro eNB 1 and synchronization with that eNB is sufficient to fully exploit range expansion gains. Pico/RRH eNB 3-1, however, is located inside macro eNB 3coverage, but it is expected to receive significant interference from macro eNB 1. For that reason, Pico/RRH 3-1 range expansion area is reduced when compared to other Pico/RRHs that experience dominant interference from single macro eNB only. It is expected to cover the area towards the macro eNB it is synchronized with, and not towards the macro eNB that it is not. 
Figure 4 shows a split of resources that enables full range expansion for both macro and pico/RRHs cells, where resources are split 50-50. Figure 5 illustrates a scenario where pico/RRH nodes are assigned all the available resources, while macro cells only use ½ of resources. In this scenario, range expansion is feasible only for the pico/RRH nodes.
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Figure 4: Partitioning of resources (subframes) between macro and pico/RRH cells. Macro cell can use ½ of resources. Pico/RRH cell can use ½ of resources. Range expansion is allowed in both directions. 
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Figure 5: Partitioning of resources (subframes) between macro and pico/RRH cells. Macro cell can use ½ of resources. Pico/RRH cell can use all resources. Range expansion is allowed only for pico/RRH cells.
3 Conclusions
In this contribution we show how simple extension of the Rel 8/9 interference management techniques to the control channel makes Rel 8/9 procedure suitable for co-channel deployments of HetNets. We illustrate the technique by introducing time domain component into the High Interference Indicator(HII)  message. 
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