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1 Introduction
As discussed in previous meetings, effective hierarchical structure could be designed to bridge single-cell MIMO and multi-cell MIMO feedback [1]. It is desired that the multi-cell feedback could utilize the single cell feedback as much as possible while keep in mind the trade-off between feedback overhead and the corresponding performance.

This paper proposes two hierarchical feedback schemes to extend single cell feedback. Detailed descriptions and analysis are given. Method2 is used in [4] to show that there is at least one feasible and well-defined CoMP scheme that substantially exceeds the LTE-A requirements.
2 Single-Cell Feedback Extension

2.1 R10 single cell MIMO feedback 

Feedback for single cell MIMO is discussed in [2]. Short term PMI with long term covariance matrix R is a potential enhancement scheme for single cell SU/MU MIMO in the Rel. 10.
2.2 Hierarchical Feedback Structure 
As an extension from single cell MIMO feedback scheme, the multi-cell MIMO feedback is desired to have the following properties:

· To maximize the commonality of the feedbacks for CoMP (different transmission points) and non-CoMP single cell MIMO feedback, i.e. some CoMP and non-CoMP transmission share the same feedback type/format.

· To consider the possibility to reduce the feedback types/formats for different CoMP schemes. 
Starting from single cell MIMO feedback, two potential hierarchical feedback methods for multi-cell MIMO are depicted in figure1 based on the above principles 
· Method1: Feedback short term PMI for each of the multiple-cells and inter-cell information W
· Method2: Feedback long term R for each neighbouring cell and short term incremental information W for multi-cell MIMO
 
[image: image1]
Figure 1 hierarchical feedback structure 
3 Hierarchical Feedback Methods
This section analyzes the two potential feedback methods proposed in section 2.2. 
Assuming that the number of coordinated cells is K, and the channel between these cells and UE is represented by H = [H1, …, Hi, …, HK] where Hi  is a NRX ( NTX  channel matrix between NTX  transmit antennas of cell i and NRX receive antennas of the UE. The transmission stream number is assumed to be L.

Method 1:
Multiple PMI would be reported to capture the per cell spatial direction. PMI based implicit feedback scheme has Rel-8 backward compatibility. Depending on specific design, per cell PMI can be selected to optimize CoMP JP/CBF without any complementary inter-cell information. On the other  hand, it’s also possible to feedback complementary inter-cell information in order to get higher feedback precision, i.e. W in the Figure.1. So there are two different options in Method 1.
Method 1-1:

UE reports K PMIs, where K is the number of the cells involved in CoMP transmission. The PMIs are selected jointly to optimize CoMP JP/CBF. In this option, no additional feedback overhead is required for coherent join transmission, and no PMI feedback format change is required. Meanwhile, Rel-8 PMI feedback mechanism could be reused but with the scalable feedback overhead which is proportional to the number of the reported cells.

The details of this option can be described as the following steps:
Step 1: Serving cell PMI selection- Select and feedback a codeword as P1 from a per cell codebook to maximize ||H1P1||, assuming that H1 is the channel matrix of the serving cell.
Step 2: Cooperating cell PMI selection- The optimized criteria may differ for the different network operation. Two examples are given to support CoMP as below:
· Criterion 1: globally select and feedback a codeword set as Pi (i=2..,K) from the per cell codebook to satisfy that 
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In this criterion inter-cell cooperation for both CoMP JP and CB/CS is achieved through PMI selection.
· Criterion 2: select the precoder which result in the highest post-receiver interference at the UE given the selected precoder by the serving cell, a codeword as Pi (i=2.., K) for each cell from the codebook to maximize || (H1P1)HHiPi ||, which is the worst companion PMI method. This simple criterion fits to the simple inter-site CoMP CB/CS.
Method 1-2:
UE reports one PMI and the inter-cell information W for each coordinated cell, where PMI is used to capture the per-cell spatial direction and W is used to capture the relationship between different cells. In this method, Rel-8 PMI feedback mechanism could be reused, and the inter-cell information (W) is calculated according to the type of feedback content, where the feedback content may be channel matrix, eigen vector and weighted channel matrix etc., The W could be quantized using a codebook such as Grassmanian codebook, we should note that the codebook used for PMI and W might be different. Detailed codebook design is out of the scope of this contribution and we don’t intend to preclude other types of quantization method as well.
The details of this method can be described as the following steps:
Step 1: Separately select and feedback a codeword as Pi (i=1.., K) for each cell from the codebook to maximize ||HiPi|| 
Step 2: Generate W according to the feedback content and per cell PMI in step 1. We should note that  feedback content could be channel matrix H, the right eigen vector of H, or weighted channel matrix[3],  where H=[H1,…,HK].
For example, the feedback content is right eigen vector of H, and it is represented as  
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Where 
[image: image4.wmf]V

is divided into K matrix, and the size of each is NTX ( L. 
Wi could be selected from an inter cell codebook to make that 
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Or Wi could be selected from an intra cell codebook to minimize 
[image: image6.wmf](

)

i

i

i

W

P

V

D

,

~

, where the D(A,B) means the distance metric between A and B. 

The feedback content could be constructed as  
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Considering the power difference between 
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, large fading or RSRP of cell i may be introduced to help the quantization of 
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This criterion provides the pre-receiver worst companion PMI which may be different from post-receiver worst companion PMI, as in method 1 criterion 2.
Method 2:
In this method, long term covariance matrix R for each cell and complementary inter-cell information is used to extend feedback scheme from single-cell feedback to multi-cell feedback. The inter-cell information W could be calculated according to the feedback content and long term covariance matrix R. The W could be quantized by any quantization method, such as vector quantization using a Grassmanian codebook. We should note that different feedback content, such as channel matrix, eigen vector and weighted channel matrix etc., may result to different W.  
Considering that covariance matrix R is long term, the total feedback overhead will be reduced and might remain in a reasonable level.
The details of this option can be described as the following steps:
Step 1: Individually feedback the covariance matrix Ri in long term, where
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 , and Ri could be fed back explicitly or by SRS in TDD. From eigenvalue decomposition, we have 
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, where Vi (i=1.., K) is eigen vector of Ri , and D2i  is eigen value of Ri
Step 2: Generate W according to the feedback content and per cell Ri in step 1. We should note that  feedback content could be channel matrix H, the right eigen vector of H, or weighted channel matrix,  where H=[H1,…,HK].
For example, the feedback content is right eigen vector of H, and it is represented as  
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Where 
[image: image14.wmf]V

is divided into K matrix, and the size of each is NTX ( L.  Normalize [D1,…,DK] as 
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Wi could be selected from an inter cell codebook to make that 

[image: image16.wmf]÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

ú

ú

ú

û

ù

ê

ê

ê

ë

é

ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

Î

K

K

K

K

W

CB

W

W

K

W

D

V

W

D

V

V

V

D

W

W

K

M

M

L

L

1

1

1

1

_

,

,

1

,

~

~

min

arg

,

,

1

                                       (2)

Or Wi could be selected from an intra cell codebook to minimize 
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The feedback content could be constructed as  
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Future work would be required to further investigate the above candidates for multi-cell MIMO feedback as well as to compare between the feedback overhead and system performance.
4 Conclusion

Starting from single cell MIMO feedback, this contribution discusses how to extend to multi-cell feedback with hierarchical property. It’s desirable that:
· To maximize the commonality of the feedbacks for CoMP multi-cell MIMO (different transmission points) and non-CoMP single cell MIMO, i.e. some CoMP and non-CoMP transmission share the same feedback type/format.
· To consider the possibility to reduce the feedback types/formats for different CoMP schemes.
Two candidate methods are proposed based on the above principles:
· Method1: Feedback short term PMI for each of the multiple cells and additional inter-cell information W for multi-cell MIMO
· Method2: Feedback long term R for each of the multiple cells and additional short term incremental information W for multi-cell MIMO
There are still potential optimization space for each method, thus both candidates may require further investigation and comparison.
It’s also shown in [4] that method 2 with limited feedback overhead is at least one feasible feedback design to support the CoMP scheme that is capable to substantially exceed the LTE-A requirements.
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