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1. Introduction
In 53bis meeting, it is agreed that the chapter of “Coordinated multiple point transmission and reception” should be added into the skeleton of LTE-A. In 54，54bis and 55 meeting, a series of contributions [1]-[5] are proposed for CoMP.  In this contribution, we discussed the multi-antenna structure of CoMP based on Beamforming.
2. Downlink CoMP transmitting scheme based on beamforming
We can combine the multi-antenna mode of LTE R8 with beam-forming as the downlink transmit mode of CoMP. One typical method is transmitting different row of signal after multi-antenna processing within different cells. After weighted with different UE specific beam-forming vectors in different cells, each row of the signal is transmitted to the direction of UE. We define the antennas or cells which transmit the same row of the signal as transmission group port. 
Case 1: Open Loop Transmit Diversity Scheme in CoMP
When CoMP transmission scheme is open loop transmit diversity, OLTD can be combined with beam-forming, and different rows of transmit diversity signal are transmitted from different cells with weighted vectors based on each transmission group port. Assume CoMP transmission is based on m transmission ports, the total number of service cell and coordinate cells is n. If m<n, we can group the n cells into m group, and each group corresponding to a transmission port. If m >=n, we can group the antennas of service cell and coordinate cells into m group with beamforming at each transmission port. An example of m=2 transmission ports is given as follows. 
Two transmission group ports case: 
If two transmission group ports are used in CoMP with m=2, we set the service cell as transmission group port0, and other coordinate cells as transmission group port1. The data after SFBC processing with different row will transmit at different cells. Weighted with different beam-forming vectors at each cell, in order to reduce the overhead of control information, the service cell and coordinate cells transmit the different rows according to default mode. The signal format transmitted at service cell and different coordinate cell is shown as follows.
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In the above equations,
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 represent the signal transmitted at service cell and the ith coordinate cell. 
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 is the beam-forming vector used in service cell. 
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 is the beam-forming vector used in ith coordinate cell. 
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 represent the data will be transmitted at transmission group port0 and port1. 
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            Figure 1   the transmit diversity structure of CoMP when transmission port is 2
As shown in figure1, when the total number of service cell and coordinate cells is larger than m(m=2) ,one method is that we can group all the coordinate cells as the second transmission port( since this transmission port include multiple cells, we can call it transmission group port), in this way, the SFBC can be used in different total number of service cell and coordinate cell, and the flexibility is extended.
Case 2: Precoding scheme in CoMP
Assume the total channel information of all coordinate cells and service cells can be achieved at both the transmitter and receiver. The receive signal can be expressed as follows.
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In this equation, 
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 precoding matrices for nth cell. 
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 is the rank number. S is the transmit signal, n is the AWGN noise.   So 
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 precoding matrix.  
At this mode, if we want to get accuracy channel information， more reference signal overhead and much complicated channel estimation is needed. 
To reduce the overhead and complexity, the precoding can be combined with beamforming; it means the precoding is based on synthetic channel. At the same time, each transmission group port is endued with a direction. Assume the transmission group ports number is P, and synthetic channel rank number is L, so the precoding matrices can be expressed as:  
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When precoding is combined with beam-forming, the received signal can be expressed as: 
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In the above equation, 
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 is the synthetic channel of the pth transmission group port measured by UE with the dimension of 
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is the channel matrix between the mth cell and UE. 
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is the beamforming vector with the dimension of 
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means that each transmission group port  can correspond to several cells. 
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 is the precoding matrices of the nth cell with the dimension of 
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 can be semi-static configured according to the coordinate cell with the period larger than 1 second. The beam-forming vector weighting is applied to both data and reference signals. The structure of the described precoding method is shown as follows.
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      Figure 2   the precoding structure of CoMP when transmission group port is 2
Compared equation (2-5) with equation (2-3), the dimension of the precoding matrices in (2-5) is decreased sharply by combining with beam-forming. The channel matrix from different antenna in a transmission port becomes a synthetic channel. At the same time, the beam-forming gain can be achieved.

The Open Loop Transmit Diversity Scheme and the precoding scheme among different cells can also be used among different sites or radio heads in one cell or multiple cells.

3. Consider for Reference signal design
In current discussion, In the case of joint transmission there are mainly two alternatives: originating from a set of cell-specific antenna ports or from a UE-specific antenna port. 
From the impaction of R8 specification viewpoint, originating from a UE-specific antenna port is more preferable, and can be extended from the antenna port5 for spatial multiplexing. But the reference signal overhead may increase and the gain of spatial multiplexing may be limited to a low level.
An alternative scheme is that the CoMP originating from cell-specific antenna ports of service cell. And each antenna port of the service cell is regard as a newly defined antenna port5 (we rename to antenna port6) in coordinate cell. So in the point of UE, the reference signal for CoMP is just same as the cell-specific antenna ports of service cell.  But this may cause some impact for channel estimation for other UEs in service cell, even though this may takes some benefits for spatial multiplexing.
Both of the above alternatives may be possible.
4. Conclusion
In this contribution, we considered the CoMP multi-antenna transmission structure based on the consideration of the UE complexity and the effect on the air interface. And give the structure of transmit diversity and precoding combined with beam-forming. We suggested that when we design the transmission structure of the CoMP, the gain, reference signal overhead and the UE complexity need to be considered.
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