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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 , 55 and 55bis 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. 
2. 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. 
The data after SFBC processing with different row will transmit at different layers. And each layer weighted with different beam-forming vectors. Which can be realized by transmit each layer at different cells, in order to reduce the overhead of control information, the service cell and coordinate cells can 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.
2.2  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. If each transmission port have only one site， the equation (2-5) can be rewritten as equation(2 -6) , which means that each site will be seemed as one antenna port by UE. And the entire site actively transmitting PDSCH to UE in JP transmission combined a transmission matrix. And the pre-coding matrix will obtained by this transmission matrix. This method can adapt for the current DMRS design criteria very well.
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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.
2.3 link level Performance Evaluation 

In this section, we mainly simulated several non – coherent transmission schemes: CDD-CoMP, SFBC-CoMP, and SFBC+BF-CoMP, and the simulation results imply that the performance of SFBC-CoMP is better than CDD-CoMP but need orthogonal reference signals. SFBC+BF-CoMP can provide greatly improve additional performance gain. The simulation parameter and simulation result is illustrated in Table1 and Fig 1 and Fig 2.
Table1 simulation parameter

	Parameter
	Assumption

	Number of cooperating cells
	2

	Number of transmit antennas in one cell
	2 dual polarized antennas

	Number of receive antennas
	2

	Channel model
	LTE-SCM-C, 30km/h

	Bandwidth
	5 MHz

	Allocated resource
	2 contiguous RBs

	Channel estimation
	Perfect

	Number of layers
	1 lyaer for non-coherent transmission
2 codeword 2 layer for coherent transmission

	MCS
	QPSK, 1/3 

	Antenna space
	BS : 0.5  MS 0.5

	Receiver type
	ZF

	Beam-forming weight
	EBB(ideal)

	Precoding calculation
	SVD 

	Precoder Feedback delay
	3ms

	Feedback frequency granularity
	6RB
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Figure 1  performance evaluations of non- coherent transmission for BLER vs. SNR
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Figure 2  performance evaluations of coherent transmission for BLER vs. SNR
3. 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. The simulation result implies that the performance of SFBC-CoMP is better than CDD-CoMP, but need orthogonal reference signals. And SFBC +BF-CoMP can provide greatly performance gains compared with SFBC-CoMP. For coherent transmission，pre-coding + beam-forming can be used to reduce the feedback overhead and the complexity of codebook design for CoMP ,from the simulation result, we can see that pre-coding + beam-forming can achieve good performance. Further more, 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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