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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]. In this contribution, we outline some issues regarding downlink CoMP and describe two potential approaches.
2 Issues regarding downlink CoMP
Reference signal
The reference signal for measurement and demodulation are considered separately. For purpose of demodulation, UE-specific reference signal is preferred due to the following benefits:

1. Weighting of reference signal can help improve the quality of channel estimation.
2. Operation at network side is transparent to UE. From UE’s point of view, whether the signal is emitted from a single point or multiple points is irrelevant, and hence downlink signaling indicating the coordinating points and transmission parameters are saved.
To support spatial multiplexing, extension of current UE-specific reference signal is needed. 
For purpose of measurement, it is better to utilize current cell-specific reference signal structure than to introduce new cell-specific antenna ports for the sake of backward compatibility.
Number of coordinating points

Taking into account the reasons listed below, too many coordinating points is unnecessary.
1. The complexity increases dramatically with the number of coordinating points, involving scheduling algorithm and transmission processing. Furthermore, backhaul overhead is also a limiting factor.
2. The gain of coordination may saturate when the number of coordinating points goes beyond some threshold value, the exact threshold value needs further study.

3. If the transmission delay from two points to a UE bears significant difference, e.g., exceeds the CP length, the interference will counteract the gain obtained by CoMP. Therefore, a point too far from a UE is unnecessary for CoMP.
CoMP for cell edge UE 

We suggest that CoMP for cell edge UE only is sufficient.
1. It have been shown that CoMP for cell centric UE gets little gain if CoMP serves a single UE[5].
2. Confining CoMP to cell edge UE results in a saving of complexity in scheduling, transmission processing.
3. Obviously, a cell centric UE is far from transmission points of other cells, and again time delay becomes a problem.
Coordination between eNBs
Although it is widely recognized that whether the coordination is intra-eNB or inter-eNB has no impact on radio link specification, the actual transmission scheme depends largely on whether it is intra-eNB or inter-eNB and so does the UE measurements and reporting. Coordination between eNBs is limited by the capacity and latency of X2 interface, and hence the possibility of enhancing X2 interface should be included. The benefits and costs of such enhancement should be carefully justified.
Channel reciprocity
Channel reciprocity will play an important role in CoMP, since it is effective to reduce the feedback overhead. For FDD, the information obtained through reciprocity is limited to path loss, long-term fading and DOA. In case of TDD, additional information related to short-term fading could potentially also be acquired. How to fully exploit the potential of channel reciprocity should be studied thoroughly for both FDD and TDD.
3 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. Due to channel reciprocity, DOA information can be obtained through unlink Sounding Reference Signal (SRS). By sharing DOA and schduling information of cell-edge UEs, we propose an interference avoiding approach based on beamforming. 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 forbad while forming beams. Taking into account this forbidding set, time, frequency and space resources are 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 (For TDD system, short term channel state information can be utilized) and the forbidding 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. 
4 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
In this contribution, we discuss some issues related to downlink CoMP and present 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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