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1. Introduction 
Precoder used for multi-cell joint transmission can be achieved through two ways. One way is the joint precoder design, which needs the eNB of the CoMP set to share or exchange their channel CSI. This method need more system overhead and long latency endurance of the data exchanging and processing, and this joint transmission belong to coherent transmission [1]. The second way is the distributed precoder design at each eNB independently. This method is promising due to there is no need to exchange the CSI and then can significantly reduce the system overhead while with some performance loss. This joint transmission mode belongs to non-coherent transmission.

In distributed precoding mode, each eNB design its transmission precoding matrix only according to the channel information between its self and the serving UE. At user side, it will receive the data from two eNBs. If we assume in macro diversity mode, those two eNB transmit the same data to this UE. How to improve the equivalent channel quality or equivalent channel’s gains is an interesting topic to be discussed for multi-cell joint transmission. Some company has proposed some idea for one layer streams joint transmission, such as [2][3]. In those proposals, they use a limited feedback to perform the channel phase adjustment to enhance the equivalent channel’s gain. To deal with the multi-layers streams transmission and further improve equivalent channel’s gain, we propose one distributed precoder design method based channel QR decomposition, combining with a simple local phase adjustment. In this method, it does not need any extra overhead.

2. System Model of Multi-cell Joint Transmission
For simple analysis, we assume that there are two CoMP eNB serve one cell edge user. In Figure1, UE-A belong to eNB-A, and UE A belong to the cell-edge user and send the CoMP request. Then the serving eNB-A send a copy of UE’s data to CoMP eNB-B, and then two eNBs transmit the same data to UE-A. We assume that each eNB have
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Figure 1 System Model of DL CoMP SU-MIMO

antennas, UE has
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antenna. Each eNB exploit the spatial multiplex (SM) mode and the stream number is
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, total transmit power at each eNB is
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. The transmit precoder at eNB-A and eNB-B are denoted as
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, respectively. Then at UE-A side, the received signals can be written as
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where
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is user’s data, and
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is a noise vector. Then user’s equivalent channel
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. Extend one lalyer’s transmission proposal [2] to multi-layers transmission, and denote the SVD decomposition of 
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. Then
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can take the value
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. However, after using this extends method precoder, the equivalent channel at UE side is
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, which can achieve some macro-diversity gains. 
3. Precoder Design based QR Decomposition
In order to extract higher gains from macro combing, we propose a distributed precoder design method based on channel matrix QR decomposition, and exploiting the structure of QR decomposition to perform a channel phase adjustment. First, we denote the QR decomposition of channel
[image: image21.wmf]1

H

 and 
[image: image22.wmf]1

H

as  


[image: image23.wmf]11111

21212

=

=

HRQ

HRQ


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (5)

where the matrix
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is an unitary matrix or semi-unitary matrix. And
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is a low triangle matrix, such as
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the absolute value of diagonal entries of 
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concentrate the channel gains, but those diagonal entries cannot be guaranteed to positive value after QR decomposition, so it is necessary to make a local phase adjustment to those diagonal entries. The phase adjustment for
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can be denoted as a diagonal matrix
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Combined the two steps, the precoder at each eNB can be written as
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And the equivalent system model based QR precoder is illustrated in fiugre2.
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Figure2. Equivalent system model based QR precoder
Use the precoder in(8)

, the equivalent channel can be achieved as:  
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(9)

 shows at UE side, the equivalent channel achieve a coherent combining, and channel gains are significantly increased. Due to this equivalent channel has a special structure, at UE side prior to select SIC receiver. Using MMSE receiver at UE side can also improve the UE’s performance.
4. Simulation results

Link level simulations are performed to initially evaluate the performance of the proposed precoder design, with the simulation assumptions are listed in the following table. The purpose of his link simulation is to discover the potential benefits of the proposed method. The evaluations and simulations with more practical assumptions will be performed in the future. 

Table 1: Assumptions for numeric simulation
	Number of cells and Tx antennas
	2, each with 4 Tx antennas

	Number of MS and Rx antennas
	1, 2 Rx antennas

	Number of data stream per MS
	2

	Path loss and shadow fading
	large-scale fading is assumed to be the same from multiple cells

	Channel model
	Independent Rayleigh channel

	Bandwidth
	One subcarrier assumed

	Channel estimation
	Ideal in TDD scenario

	Receiver Type
	MMSE


In figure3, SC curve denote single cell without CoMP, SVD curve denote two coordination eNB design their self transmit precoder used SVD method independently, QR curve denote our proposed method which performed at two coordination eNB individually.Simulation result shows our proposed method can achieve a higher performance gains than SVD method (benchmark is SC curve). If the size of CoMP eNB is increasing, the gains gap between QR and SVD is enlarged.
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Figure3. Throughput vs. SNR
5. Conclusions
This contribution proposed a new distributed precoder design method based on QR decomposition for TDD DL CoMP joint transmission to support multi-stream’s transmission. Due to this method exploiting the special structure of QR decomposition and easily perform channel gains phase adjustment at each eNB independently, At user side, realize channel gains coherent combing although implement the non-coherent transmission. Compared with the existing solutions, our method can achieve a better performance. Moreover, QR precoder design is performed at each eNB locally and without information exchange between the coordinated eNBs for precoder design, and this method can apply to larger size CoMP set to extract higher performance gain than existing methods. However, due to QR method need accurate CSI, this method is more suitable for TDD downlink CoMP.
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