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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 and 54bis 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
The downlink transmit mode of CoMP can be combined the multi-antenna mode of LTE R8 with beam-forming. One simple method is to transmit different row of signal after multi-antenna processing in different cells. Weighted with different cell specific beam-forming vector, each row of the signal is transmitted to the direction of MS. We define the antennas or cells which transmit the same row of the signal as transmission 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 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 4 transmission port and 2 transmission ports are given as follows.
Four transmission ports case:  if 4 transmission ports are used in CoMP, the service cell and coordinate cell will transmit different row according to the indication of control information.
If the total number of service cell and coordinate cells is more than the CoMP transmission ports used in CoMP. The service cell and coordinate cells can be grouped into 4, and the different row of the multi-antenna processing signal will be transmitted in different group. The CoMP transmitting diversity structure for 4 antenna ports is shown as follows. First the data will be processed by SFBC+FSTD, then transmit in transmission port.


[image: image1.wmf]ser

(0)

sr

*

srsr112

(p-1)

sr

w

yWsss00

w

éù

êú

éù

==-

êú

ëû

êú

ëû

ML

sr

P

                                                           (2-1)


[image: image2.wmf]co#1

(i_0)

co#1

iii*

co#1co#1co#1221

(i_p-1)

co#1

w

yWsss00 

w

éù

êú

éù

==

êú

ëû

êú

ëû

ML

P

                                                  (2-2)


[image: image3.wmf]co#2

(i_0)

co#2

iii*

co#2co#2co#2334

(i_p-1)

co#2

w

yWx00ss

w

éù

êú

éù

==-

êú

ëû

êú

ëû

ML

P

                                          (2-3)


[image: image4.wmf]co#3

(i_0)

co#3

iii*

co#3co#3co#3443

(i_p-1)

co#3

w

yWx00ss

w

éù

êú

éù

==

êú

ëû

êú

ëû

ML

P

                                               (2-4)

[image: image5.emf]Transmition 

port3

Transmition 

port2

Transmition 

port1

Transmition 

port 0

transmission point

group0

UE

transmission 

point group1

Space frequency 

block coding

Beamforming 

*

12

ss00

 



*

21

ss00





*

34

00ss







*

43

00ss





transmission 

point group2

transmission 

point group3


Figure 1   An example of the transmit diversity structure of CoMP when transmission port is 4 and the total number of service cell and coordinate cell is more than transmission ports.
If the total number of service cell and coordinate cells is less than the CoMP transmission port number. The antennas of different cell can be grouped into 4. And the different row of the multi-antenna processing signal will be transmitted in different group. For example, the total serving cell and coordinate cell’s number is 2, we can group the antennas of service cell into 2 groups and assume them as transmission port0 and transmission port1 separately to transmit the first two row of SFBC+FSTD signals. Coordinate cell #1 is defined as the transmission port2 and transmit the third row, Coordinate cell #2 is defined as the transmission port3 and transmit the last row, and beamforming on each transmission port using the specific vector as shown in following figure.
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Figure 2   An example the transmit diversity structure of CoMP when transmission port is 4, and the total number of service cell and coordinate cell is less than transmission ports.

Two transmission ports case: if two transmission ports are used in CoMP. Take the service cell as transmission port0, and other coordinate cells as transmission 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 can transmit different row 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 port0 and port1. At this mode, X2 interface doesn’t need to transfer which row will be transmitted at each cell.  
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            Figure 3   the transmit diversity structure of CoMP when transmission port is 2

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.

But at this mode, more reference signal overhead and deep 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 synthetically channel. At the same time, each transmission port is endued with a direction. Assume the transmission ports number is P, and 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 channel matrices of the nth cell measured by UE with the dimension of 
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 is the precoding matrices of the nth cell with the dimension of 
[image: image29.wmf]1

L

´

.  The beam-forming vector 
[image: image30.wmf]n

B

 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.

Compared equation (2-9) with equation (2-7), the dimension of the precoding matrices in (2-9) is decreased sharply by combining with beam-forming. The channel matrix from different antenna in a transmission port becomes a synthetically 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. 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. Further more, we think the compatibility for LTE R8 should be considered in the CoMP structure.
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