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1. Introduction
One key feature in LTE Advanced is to support heterogeneous network deployment to improve system capacity. It was agreed in RAN#44 [2] and various heterogeneous deployments are described in [1]. In recent RAN#58bis meeting, an issue regarding to interference coordination in heterogeneous network was discussed. In heterogeneous network, as different types of nodes with relatively low transmit power such as femto, pico and relay nodes are located in the coverage of macro eNB, inter-cell interference (ICI) becomes more serious. As we studied a SIC-based CoMP scheme in [3, 4], to handle interference among the heterogeneous cells, this contribution discusses successive interference cancellation (SIC) based interference mitigation.
______________________________________________________________________
2. SIC-based ICIC in heterogeneous network
As micro eNB such as remote radio head (RRH), femto, pico and relay node has low transmit power compared to macro eNB, some of macro UEs nearby micro cell edge have even shorter distance to micro eNB than distance to macro serving eNB. As a result, ICI in both uplink and downlink channel becomes worse in heterogeneous network. In the case of uplink channel, obviously, the macro UE nearby micro cell causes high interference to the micro cell due to small path loss. Besides, if the micro cell provides service to closed subscribed group (CSG) the interference may become more serious since UE who does not belong to CSG communicates with the macro eNB even though it is located in the micro cell center.
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In information theory, the capacity of Gaussian interference channel is still open problem except for a strong interference case. Figure 1 shows simple two-user interference channel where Txi sends message mi to Rxi and the received signal at each receiver is described as follows:
It is known that a SIC-based ICIC scheme achieves capacity in the case of strong interference that satisfies the following condition;
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 are transmit signal power and noise power, respectively [6]. In the perspective of Tx1, it has an interference channel to Rx2 and a desired channel to Rx1 which is degraded in terms of channel gain. It means Rx2 can decode Rx1’s data denoted by m1 without error if Rx1 can do it, and therefore each pair of transceiver communicates without ICI by exploiting SIC receiver. It gives reasonable motivation to introduce SIC-based ICIC in heterogeneous network in which severe ICI occurs as described above. Under the assumption that Tx1 and Tx2 are macro edge UE and micro UE, respectively, the macro UE has degraded channel, i.e., 
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 and so micro cell becomes interference free by using SIC.
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Figure 1. Two-user interference channel

In order to mitigate ICI in heterogeneous network, we propose to reduce ICI at the receiver side by exploiting well-known SIC technique. Figure 2 illustrates the overall operation of SIC-based ICIC in uplink. First, SIC capable micro eNB decodes the interference data coming from the macro UE. If the data is decoded without error, it subtracts the re-encoded interference data from received signal so that the micro cell decodes desired data without the interference from the macro UE. In the case where the macro UE transmits multiple codewords, these may be decoded in a successive manner or a part of the codewords may be decoded at the micro eNB for the implementation simplicity. The micro eNB decodes the interference data successfully with a high probability, since MCS level of the macro UE is determined based on relatively large path loss to the macro eNB and it is probably low level in the perspective of micro cell. 
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Figure 2. Overall illustration of SIC-based ICIC in heterogeneous uplink

Additionally, to guarantee decoding without error at the micro cell, the micro eNB can report MCS level of the interference data to the macro eNB by backhaul link in advance. In this case the micro cell can estimate uplink interference channel by measuring SRS of the macro UE and determine MCS level of the macro UE’s data by regarding the micro UE’s data as interference. Finally, the macro eNB determines MCS level of the macro UE by taking the minimum between MCS at micro eNB side and MCS at macro eNB side. 
The micro eNB needs control information to decode the macro UE’s data such as MCS level, resource region, RNTI of macro UE, SRS information, etc. If low backhaul latency is guaranteed, this control information can be delivered from the macro to the micro eNB through backhaul link. For example, it is possible in the case of RRH cell which has several 
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 latency to macro. Otherwise, the macro UE may transmit the control information to the micro eNB such as femto through air channel; we need further study to support this case. 
Similarly, in the case of downlink, macro UEs nearby the micro cell receive strong interference and the macro UEs may conduct SIC to eliminate interference from the micro eNB. Although the micro UE also receives interference, it can overcome the ICI by means of high received desired signal power and enough resource allocation. As described above, for SIC, the macro UE needs control information of the micro UE’s data and it may be signalled by the macro cell or the micro cell.
3. Conclusion
In this contribution, we discuss an SIC-based interference mitigation scheme in heterogeneous network. It may fully cancel the interference from macro UE to micro cell in uplink without loss of macro cell performance due to degraded channel property which means the channel gain to the micro interfered eNB is stronger than that to the macro serving eNB. Thus, the SIC-based scheme may achieve higher data rate than that of fractional frequency reuse (FFR) scheme which turns off or reduces the macro UE transmit power. 
However, in order to decode the data coming from interfering cell, SIC capable receiver requires control information for that such as MCS level, resource region, RNTI, SRS information, etc. In the case where backhaul latency between heterogeneous cells is negligible, for example RRH, the control information is delivered in time through backhaul link. Otherwise, a new air interface channel from the interfering macro UE to the interfered micro eNB may need to be defined which requires further study.
In downlink heterogeneous network, we can apply the same concept as described in uplink; macro UEs may need to be equipped with SIC to cancel downlink interference from micro cell.
______________________________________________________________________
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