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1 Introduction
Coordinated multi-point transmission/reception is considered as a promising technique to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput [1-4]. The nature of TDD system provides a convenient way to implement the coordination. In this contribution, we describe two potential approaches that make use of the reciprocity of UL/DL channel.
2 Interference avoiding via beamforming
Inter-cell interference is a limiting factor in system performance, especially for cell-edge UEs. In current LTE system, beamforming is supported and can be employed to enhance the signal quality of cell-edge UE. If a UE locates out of a beam which is formed toward other UE, it suffers little interference. However, the beams formed at neighbouring cells collide randomly, since the schedule information of neighbouring cells is not taken into account while scheduling. 
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Fig.1 Interference avoiding beamforming
In order to meet the challenging requirements of cell-edge throughput in LTE-A system, beams should be carefully designed to avoid interference among neighbouring cells. For TDD system, it is relatively easy to obtain downlink channel state information through unlink Sounding Reference Signal (SRS). Therefore, we propose an interference avoiding approach based on beamforming for TDD system. The key features of the proposed approach are summarized below.
· UE measures the signal strength(long term average) of the neighbouring cells and reports to network, the network determines whether the UE is at cell edge or not (The following operations are applicable for cell-edge UEs) .
· The SRS shall be jointly scheduled so that the neighbouring cells are able to obtain the DOA and channel state information of the cell edge UE. 
· Each cell constructs a set of directions that should be avoided while forming beams. Taking into account this avoiding set, time, frequency and space resources are jointly scheduled to maximize the cell throughput. Scheduling information need to be shared among coordinating cells.
· The downlink beamforming weight is obtained based on the available channel state information and the avoiding direction. Fig.1 illustrates the beams formed in 3 coordinating cells on two frequency resources.
· The network sends control signaling to specify the time-frequency resource. The UE’s data together with UE-specific reference signal is weighted by the beamforming weight and sent through the antennas of serving cell. UE receives the transmitted data according to control signaling and UE-specific reference signal. 
3 Signal strengthening via beamforming
Besides interference avoiding, beamforming coordination between multiple cells can also be used to enhance the signal quality of cell-edge UE. This approach requires the coordinated cells to share data that will be sent to the target UE. Fig.2 shows an example of the proposed approach with single-stream transmission. Both cell 1 and cell 2 forms a beam simultaneously toward UE 1 on RB2. This implies that joint scheduling among coordinated cells is necessary. Data sent from coordinated cells are the same, but weighted differently. The demodulation reference signal is weighted by the same beamforming weight as data. That is, UE-specific reference signal is used. It is worthy noting that multiple-stream transmission can be incorporated by extending UE-specific reference signal. The UE is unaware of the network operation. The features are summarized in the following.
· UE measures the signal strength(long term average) of the neighbouring cells and reports to network, the network determines whether the UE is at cell edge or not (The following operations are applicable for cell-edge UEs). A set 
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containing candidate coordination cells is associated with each cell-edge UE.

· The SRS shall be jointly scheduled so that the cells in 
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 are able to obtain the DOA and channel state information of the cell-edge UE.
· Network selects coordination cells from 
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 according to the obtained channel state information and all coordination cells allocate same frequency resources for the target UE. The exact allocation depends on scheduling algorithm.
· The downlink beamforming weight is obtained based on the available channel state information. Coordinated cells can form beams jointly toward target UE or each of the cell form beams toward the target UE individually.
· The network sends control signaling to specify the time-frequency resource. The UE’s data together with UE-specific reference signal is weighted by the beamforming weight and sent through the antennas of coordinating cells. UE receives the transmitted data according to control signaling and UE-specific reference signal.
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Fig.2 Coordinate beamforming to strengthen the UE received signal
4. Conclusion
This contribution presents two coordinated multi-point transmission approaches taking into account the UL/DL reciprocal property of the channel. By designing beams in coordinating cells carefully, the interference among cells is mitigated and/or the signal quality of cell-edge UE is strengthened.
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