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1 Introduction
The problem of intra-cell interference is addressed in LTE by employing Orthogonal Frequency Division Multiple Access (OFDMA) technique. Therefore, in LTE, inter-cell interference (ICI) is the main issue in interference management. ICI management approaches in LTE are divided into three main categories: interference co-ordination/avoidance, interference cancellation, and interference randomization [1]. Sectorization, use of antenna arrays, power control, and different frequency reuse schemes, e.g., fractional frequency reuse (FFR), are interference co-ordination/avoidance approaches. Interference cancellation approaches in downlink require UEs with multiple antennas, as well as reliable channel state information from the interfering eNBs. Different multi-user detection schemes, e.g., BLAST, may be used at the UE to cancel the interference. Interference rejection combining or MMSE combining may be used as well to mitigate the interference. Finally, interference randomization approaches spread the UEs transmission over a distributed set of subcarriers in order to randomize the interference scenario and achieve frequency diversity gain.

In LTE-A, throughputs as high as 2-3 times as LTE R8 are targeted. Therefore, more advanced ICI management techniques are required to meet the performance requirements set forth for LTE-A. It is well known that cooperation among eNBs can significantly increase the throughput in wireless cellular networks [2]. Full cooperation among eNBs turns an interference channel into a multi-user MIMO scenario where a larger eNB (comprised of all cooperating eNBs) communicates together with many UEs. Hence, the interference signals are turned into useful signals through joint processing at the cooperating eNBs. Cooperation among multiple eNBs, often called as “multi-site MIMO”, is a strong candidate to address the ICI problem in LTE-A. Full cooperation among eNBs, however, requires that data and the channel state information (CSI) for all UEs are shared among all the eNBs, which is very complex to implement. To reduce the complexity, cooperation among a limited number of eNBs for communicating with a particular UE may be considered. Furthermore, cooperation among eNBs can be limited to some of the UEs in the network, e.g., cell-edge users.

In this contribution, we discuss the need for revising the traditional interference management schemes in multi-site MIMO scenarios. Furthermore, we study the effect of cooperation between two eNBs in the downlink on the users’ SINR distribution in a cellular system. 
2 ICI Considerations

Traditional interference management schemes have been designed based on the assumption that there is no collaboration among eNBs. Since in a multi-site MIMO scenario, interference signals are turned into useful signal, the current ICI management approaches need to be revisited. In fact, in a perfect multi-site MIMO scenario, where all eNBs in the network collaborate for transmission/reception to/from every UE in the network, ICI will not be an issue and throughput/fairness for UEs will depend on the scheduling among eNBs.
However, collaboration among all eNBs in the network is not feasible. The eNBs may be grouped into clusters where only the eNBs within a cluster collaborate for transmission/reception. It should be noted that in a user-centric cluster scenario, where eNBs within a cluster are chosen based on the path losses between the eNBs and the UE, the clusters of eNBs for different UEs may intersect and this requires collaboration among different clusters and eventually, collaboration among all eNB (at least at a scheduling level) will be necessary.

In order to reduce the implementation complexity of multi-site MIMO, collaboration among eNBs for transmission/reception to/from only a fraction of UEs, e.g., cell-edge users may be considered.
3 Simulation Results

We consider the downlink of a cellular network with 19 hexagonal cells and three sectors per cell. The UEs are randomly distributed in the network such that they are served by the eNBs in cell one (the centre cell), i.e., they receive the strongest signal from one of the eNBs of cell one. The channels are modelled based on distance-dependent attenuation and shadowing. The eNB in cell one cooperates with the eNB causing the strongest interference. Fig. 1 shows the SINR geometry for the no-cooperation and cooperation scenarios.
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Fig.1. SINR geometry with and without cooperation among eNB 1 and the eNB causing the strongest interference.
In order to reduce the load on the backhaul, we may consider cooperation only for users with SINR smaller than a given threshold. Fig. 2 shows the SINR geometry for the case which only users with SINR < 5 dB cooperate. According to no-cooperation CDF, 66% of UEs have SINR smaller than 5dB. With cooperation, 43% of UEs have SINR smaller than 5 dB. For further performance enhancement, cooperation with the two strongest interferers may be considered.
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Fig. 2. SINR geometry, cooperation only for users with SINR < 5 dB.

4 Summary
Collaboration among eNBs can significantly increase the throughput in wireless cellular networks. In particular, we demonstrated the SINR enhancement, as a measure of ICI mitigation, by collaboration between two eNBs. Collaboration among eNBs, however, introduces new challenges in the design of interference management schemes. Traditional interference mitigation schemes such as power control and FFR should be considered together with the collaboration among eNBs.   
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