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A novel network structure based on multi cell coordinated relay
Martin Liu, Xin Chang, Yi Lu, Hongjie Si
Huawei
Backgrounds
Traditional cellular network structure can provide much convenience for network planning, radio resource management, mobility management, and so on. For broadband wireless access system, same carrier frequency is assigned for all cells in order to improve spectrum efficiency. However, inter-cell interference becomes a bottleneck for further improving system performance for such network structure. In UTRAN, eUTRAN and UMB systems, various inter-cell interference mitigation and cancellation technologies have been discussed and employed, such as Power Control, FFR (Fractional Frequency Reuse), Interference Randomization, and so on. Power control technology can reducing interference greatly, nevertheless it can not get rid of interference completely. FFR is a very promising technology; however, it reduces spectrum efficiency at the edge of cell and can’t lessen path-loss. Interference randomization can mitigate interference, but can not cancel the impact of interference.
Recently, academic community and wireless industry pay more and more attentions on relay technology. Relay technology can obviously extend cell coverage and mitigate inter-cell interference due to less transmit power. However, most relay solutions only adopt one or two Tx antennas at relay station, and one relay station can only forwarding data in one cell. An illustrated example is given as following figure.
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Figure 1: an illustrated example of relay assisted network structure
MIMO technology can resolve several data streams at the same frequency-time resource by spatial multiplexing. Therefore, MIMO technology can be employed for inter-cell interference cancellation. Currently, main proposals focus on complicated cooperative MIMO technologies to mitigate inter-cell interference. For such solution, multiple antenna processing capability is mandatory for terminals, which means cost and complexity for terminals. 
Description of proposed network structure
We propose a novel network structure based on multi cell coordinated relay. In such network, a special kind of relay station can be associated with multiple base stations at the same time. The relay station can transmit and receive data to and from multiple base stations on the same frequency-time resource, and forwarding these data to multiple terminals associated to different base station. An illustrated example of such network structure is given as following figure.
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Figure 2: an illustrated example of proposed network structure

The relay station can be employed at the top of roof or pole keeping LOS to serving base stations. Due to fixed position of relay station and existence of LOS to serving base station, the fading of channel between relay station and base station is very slow. Moreover, there is very weak correlation among channels between relay station and serving base station since all serving base stations are distributed around relay station in far enough distance. Such channel characteristics can facilitate multiple antenna processing. It means that multi cell interference for transmission between relay station and serving base station can be resolved completely by spatial multiplexing.
The resource of transmission between relay station and terminals can be managed by relay station. It can easily fulfill coordination among transmission between relay station and terminals and terminals don’t need to support the capability of advanced multiple antenna processing. It means the cost of terminal can be reduced in order to achieve inter-cell interference cancellation. An illustrated example of transmission scheme is given as following figure.
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Figure 3: an illustrated example of transmission scheme
For such network structure, joint receiving and transmitting with multiple base stations can be achieved with very lower signaling overhead and complexity, especially compared with cooperative MIMO among multiple base stations.
Conclusion
We propose a novel network structure based on multi-cell coordinated relay. For this network structure, relay station can employ more antennas and joint receive and transmit with multiple base stations. Moreover, relay station can also manage resource for transmission between relay station and multiple terminals associated with different cells. Such network structure can reduce signal overhead and complexity for inter-cell interference cancellation. Meantime, it can also reduce the cost of terminals and improve the performance at the cell edge greatly.

  


