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1 Introduction
One aspect of LTE-advanced is to employ low power base stations such as pico cells, relays, and Home eNBs to improve the overall system performance and reduce operator cost [1]. Home eNB is one area that has attracted much interest. In this contribution, we propose three simple network models to evaluate femto related DL performance for a co-channel deployment of femto and macro.
2 Network layout for femto cell evaluation
2.1 Scenario 1: Single femto cell in a Macro cell

To evaluate the impact of macrocell interference on femto, we consider the following simple network model. One femtocell is dropped in the center cell of the basic hexagon layout of 19 sites, each of 3 cells. One femto UE is randomly dropped within the femtocell. Multiple macro UEs are uniformly dropped in the center cell. Alternatively, a wrap around model can also be used. All the macrocell base stations transmit at full power. Full buffer traffic is applied. The throughput of femtocell under this network layout can be compared with that of an isolated femto without macro interference. To simplify the evaluation, a network layout of 7 sites can also be considered.
Within the femtocell, it is assumed that there is one Home eNB and one UE. The transmission between the Home eNB and femto UE is evaluated subject to the interference from all the eNBs for the downlink, and all UEs in the macro cell for the uplink. The distance between the Home eNB and femto UE is dependent on the typical femto cell size. Figure 1 shows the macro cell network layout with a single femto cell. Here, the femto cell model is that of the indoor hotspot model as described in IMT.EVAL [2].
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Figure 1

Scenario 1 with single femto cell in a macro cell network
2.2 Scenario 2: Single cluster of femto cells in a macro cell

To evaluate the femtocell performance subject to interference from adjacent femtocells and macro cells simultaneously, a cluster of femtocells modeling house and apartment scenarios can be considered. The network layout is similar to Scenario 1 except that we consider a cluster of femtocells now. The femto cluster consists of multiple rooms with a certain size. Each room has a Home eNB which is placed in the middle of the room. The femto UE experiences interference from both macrocell and neighboring femtocells. The throughput of a femtocell under this network layout can be compared with the performance of an isolated femto without macro interference, or that in Scenario 1. 
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Figure 2

Scenario 2 with a single cluster of femto cells in a macro cell network
2.3 Scenario 3: Clusters of femto cells

To consider a realistic femto deployment and evaluate the macro cell performance degradation due to femto cells, we consider the network layout similar to Scenario 2 except that we have multiple femto clusters randomly dropped in the center macrocell. We can also use this network model to evaluate the combined system performance of macrocell and femto. Both open access and closed subscriber group access modes can be considered. 
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Figure 3

Scenario 3 with clusters of Home eNodeB in the macro cell network
3 Conclusion
Three simple network layouts are proposed to evaluate Home eNB related DL performance. In contrast to the indoor hotspot scenario in IMT.EVAL, Scenario 1 is more applicable to LTE technology, i.e., Home eNodeB, as there is likely to be interference from the nearby macro cells in the actual deployment.
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