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1. Introduction
Coordinated Multi-Point transmission/reception (CoMP) is one of the promising techniques for LTE-Advanced systems to increase not only the cell average but also the cell edge user throughput in both uplinks and downlinks.  To be specific, the coordinated multipoint reception can be mainly characterized into two classes: (1) Coordinated scheduling and/or beamforming (CoMP-CS) (2) Joint processing/reception (CoMP-JP) [1]. However, CoMP-JP will cause high backhauling cost and computation complexity. 
Therefore, this contribution proposes a new progressive multi-cell MIMO for downlink transmission, which is a type of CoMP-JP scheme. It can reduce half of the backhaul cost for multi-eNB information exchange, and coordinate the multi-cell with the proposed sequential precoding design at a low complexity. This proposed CoMP-JP scheme makes the multi-cell MIMO a more promising technique for its application in real LTE-advanced systems.
2. Scheme description
This proposal proposed a progressive multi-cell MIMO with sequential linear precoding design for downlinks. The progressive multi-cell MIMO provides a flexible implementation manner such that the cooperation region is dynamically and incrementally determined. The optimal processing for a newly involved cell, including the user selection and the corresponding precoding design, is based on the existent optimal results.  It is unnecessary to pass the precoded data signal from the processed cells to the newly involved cell and no further precoding/scheduling operation for the processed cells, thus the backhauling cost is decreased and the computational complexity for optimal MIMO processing is effectively reduced. It is noted that the data signal transmitted via backhaul through this proposal is specified as precoded signal. Additionally, it can significantly reduce the multi-cell scheduling complexity in a greedy manner, while the performance loss can be compensated by the introduction of multi-cell multi-user diversity gain with the sequential precoding design. 

This contribution provides a tradeoff between the performance improved by the joint processing MIMO and the information exchange/computational complexity among them, and it can be easily realized in distributed manner. The cross-cell channel information is necessary for this scheme. Our scheme targets TDD systems, therefore the channel information could be achieved by utilizes UL measurements (plus exchange of measurement result between eNB over the backhaul) to determine the DL correlation matrix. The main solution is described as following:
(1) Progressive multi-cell MIMO

For simple illustration, we assume one single stream is pending for each UE. As shown in Fig. 1 (a), UE1 is selected with the best performance by eNB1 independently. To enhance the edge/centre throughput, we permit any neighbor cells could be progressively combined to build a multi-cell cooperation system if the cooperation is proved to be valuable. In subfigure (b), when the second cell is involved to build a two-cell MIMO system, with the cross-cell channel detection and the exchanged signal 
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(from eNB2 to eNB1), UE2 at Cell2 is finally selected with its sequentially optimized precoding vector. In this progressive multi-cell MIMO system, the basic approach is to keep the previously optimized transmission (i.e., both the user selection and precoding in Cell1) unchanged, while optimizing the Cell2’s transmission (both user selection and precoding matrix etc.) with joint consideration of Cell1 and Cell2’s cooperation. Similarly, as shown in subfigure (c), when the third cell is involved, the signal s3 is required to pass to eNB1 and eNB2.  The transmission of Cell3 will be optimized based on assumption that Cell1, Cell2 and Cell3 are cooperated with each other while the previous results in Cell1 and Cell2 are unchanged, that means the Cell1 and Cell2’s transmissions are independently from the process of Cell3. More cells can be included similarly. 
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Fig. 1. Illustration of progressive multi-cell MIMO

(2) Sequential precoding design

To support the progressive multi-cell MIMO, the optimal user selection for each newly involved cell is tightly connected with the designed precoding vectors or matrixes. The key idea of the sequential precoding is to maintain the scheduling and precoding results for the selected user(s) in the processed cell(s), and based on those results, further optimize the precoding vector(s) for user(s) in the newly combined cell.  

· For a single cell, e.g. Figure 1 (a) : UE1 is selected with precoding vector 
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· For a progressive two-cell MIMO scenario, e.g. Figure 1 (b):  assume the precoding matrix is  
[image: image5.wmf][

]

ú

û

ù

ê

ë

é

=

=

'

'

22

'

'

21

'

'

12

'

'

11

'

'

2

'

'

1

2

t

t

t

t

t

t

T

. Since the data signal is omitted from eNB1 to eNB2 and the selection and precoding results for the first cell is maintained. The optimization of 
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· For a progressive three-cell MIMO scenario, e.g., Figure 1 (c): assume the precoding matrix is 
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. As the above analyses, the optimal precoding design of 
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…
· For a progressive n-cell MIMO scenario: the precoding matrix is an upper triangle matrix (see the similar analysis as above). With this type of sequential precoding, the previous precoding design in n-1 iterations (cooperation of n-1 cells) keeps unchanged, while the precoding design for the nth iteration is optimized based on the previous results.
3. Distributed JP-CoMP with progressive multi-cell MIMO
This progressive multi-cell MIMO with sequential precoding can be applied in centralized cell- clustering as shown in left part of  Fig. 2. Here we assume 3 is the maximum cooperation number of cells, and multi-cell cooperation is restricted to each three-cell consisted region, as drawn by bold black line.  The cell order in each cluster can be dynamic determined with different criterion.   
In addition, this progressive multi-cell MIMO with sequential precoding enables the distributed JP-CoMP as shown in right part of Fig. 2. In this structure, unlike centralized solution, there is no cluster borderline. All cells are divided in to 3 types (type A, B, C) with different priorities. The progressive multi-cell MIMO and sequential precoding will be done according to the priority order.  
In both cases, the number of coordinated cells can be configurable.
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Fig. 2. Cooperation cell scenario 
4. Proposal illustration with maximization of signal-to-jamming ratio (SJNR)
Without loss of generality but for simple illustration, we assume one stream is pending to each UE. The solutions of multiple stream case could be obtained by the same deduction. In this section, we focused on maximization of SJNR as the objective of pecoding design. The detailed solution is described as following:

(1) Definition of SJNR criteria
For UE k, the jamming power is defined as the total power of interference caused by this UE and imposed on the signals received by all the other UEs, which is 
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where 
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 is M×1 precoding vector for UE k, and MIMO channel to user i as an Ni×M matrix Hi. Different from the maximal SINR criterion, the maximal SJNR criterion is more mathematically tractable with a much easier form of solution, since SJNRs of different users are independent. The precoding design problem is decoupled to design precoders for each user separately, which is formulated as follows.
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(2) Solution of Max(SJNR) for progressive multi-cell MIMO

Illustrate by the two-cell cooperation case:
In order to calculate the SJNR for UE2, we can derive the equivalent channel from stream2 to UE1 and UE2. Therefore we could see that channel information of hij is mandatory for both eNBs. However, for data exchange, only stream2 at eNB1 is necessary, but stream1 at eNB2 could be ignored. This analysis enlightens us on sequential precoding design. Based on the determined user and corresponding precoding vector in the first cell, for the user selection and precoding vector design in the second cell, only half signal exchange is necessary for max(SJNR).  
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Fig. 3.  SJNR analysis for UE2

(3) Sequential linear precoding design based on max SJNR for progressive multi-cell MIMO

a) For two-cell cooperation case:
Step 1: for the first cell, select UE 1 and calculated corresponding 
[image: image18.wmf]'

1

t

 

Step 2: for the second involved cell, assume the precoding matrix for two UEs is 
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· From previous analysis, the signal of S1 at eNB2 could be ignored, therefore 
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· Keep the precoding vector for the selected UE1 in Cell1 unchanged, namely 
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Step3: the problem of max(SJNR) as shown in the formula (1) is called the generalized Rayleigh quotient problem. The optimum 
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 for the kth UE is the generalized eigenvector corresponding to the largest generalized eigenvalue of matrix pair 
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[2]. The solution can be solved as [3]. 
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where 
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 is the transmitter power of user k, 
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In our two-cell cooperation MIMO scenario, the precoding vector for stream 2 is obtained by 
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Step4: give the optimal precoding vectors for users in Cell2, compare their system capacity cooperated with Cell1, and chose the user which has the maximized multi-cell capacity as the pursued user in Cell2.

b) For three-cell cooperation case:
With the same deduction, the precoding matrix for a user in Cell3 is denoted by 
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, where 
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The channel matrix for three users is updated by 
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The similar procedure can be extended to including more cells into multi-cell MIMO in a progressive manner. Other precoding schemes can also be applied in this proposed sequential method with different purpose.
5. Performance analysis 

In this proposal, the deduction shows the precoding vector is the optimal solution for the newly involved cell where the selected users and their corresponding precoding vectors are maintained in the processed cells.  The potential performance loss due to sequential precoding can be compensated with multi-user diversity when there are a large number of active users (e.g. 10~20 users) in the cells [4]. 

With the support of the optimized sequential precoding design, the progressive multi-cell MIMO transmission scheme provides a flexible transmission scheme only with half inter-cell signal exchange. This will decrease the valuable backhaul cost. The computation complexity of user matching and joint precoding design for multi-cell MIMO is also reduced. 
This contribution provides the flexibility to increase the cell into the cooperative region in incremental mechanism and related sequential precoding design, and it also provides a tradeoff between the performance improved by the coordinated MIMO transmission and the information exchange/computational complexity among them. 
6. Conclusion 

In this contribution, a progressive multi-cell MIMO with sequential linear precoding is proposed. It provides a flexible implementation manner such that the cooperation region is dynamically and incrementally determined. The backhauling cost and computation complexity is reduced compared with the full information exchange based coordinated CoMP schemes. 
This proposed scheme is also feasible for FDD system with PMI coordination and feedback.
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