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Introduction 
In [1], precoding based codebook feedback is defined. In LTE-A, CSI based codebook feedback will also be considered. Several codebook based feedback schemes have already been considered [2]-[7]. For codebook based feedback, a UE feeds back the precoding matrix Index (PMI) of the favourite matrix in the codebook to its eNB. Based on this feedback, the eNB could decide the precoding matrix. 

For the codebook based feedback, the feedback overhead depends on the codebook size. Even with the LTE system with for 4 Tx (and 8 Tx) codebook, the size is as big as 64 that 6 bits are needed for PMI feedback. In this contribution, we propose a differential PMI feedback to reduce the feedback overhead.

2

Codebook Based PMI Feedback
In this section, a possible basic flow of using ‘original’ codebook based PMI feedback for LTE-A is described. Firstly, a UE estimates the channel. Based on the estimated channel state information, the UE selects the favourite matrix in the codebook. How to select the favourite matrix for the precoding based feedback or CSI based feedback will be described later, respectively. Once the favourite matrix is decided, the UE feeds back the PMI of the selected matrix to the eNB. Based on this feedback, the eNB can know the channel matrix to derive the precoding matrix or directly get the precoding matrix. Then, the eNB precodes the modulated symbols by using this matrix for multiple antennas. The flowchart of the original codebook based PMI feedback for DL is as follows: 
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Figure 1: the flowchart of the original codebook based feedback
2.1 Precoding based and CSI based codebook feedback
For precoding based codebook feedback, the codebook is designed for precoding matrix. In this case, based on the estimated channel, the UE computes the sum rate or SINR information for all matrices in the codebook and selects the matrix which has the highest sum rate or SINR. Then the UE feeds back the PMI of this matrix to the eNB. At the eNB, it directly uses this matrix as the precoding matrix.
For CSI based codebook feedback, the codebook is designed for channel feedback. In this case, based on the estimated channel, the UE computes the distance between the channel and all matrices in the codebook and select the matrix which is most similar to the channel matrix, that is, the smallest distance. Then the UE feeds back the PMI of this matrix to the eNB. At the eNB, it takes this matrix as the channel matrix to derive the precoding matrix by SVD or others algorithms.
2.3 Feedback overhead
For the codebook based PMI feedback, the feedback overhead depends on the codebook size. Usually for 4 Tx and 8 Tx codebook, the size can be as big as 64 that 6 bits is needed. If we simply reduce the codebook size for the purpose of smaller overhead, the performance would be decreased accordingly. Thus, it would be a better solution to consider ways to reduce the feedback overhead without downsizing the codebook.
3 Differential PMI Feedback for Overhead Reduction

Here, we propose a differential PMI feedback scheme and the codebook design to reduce the feedback overhead. 

In low and middle level mobility, the channel does not change much from frame to frame that the selected matrix from the codebook for feedback also would not change much. If we design the codebook properly to exploit this slow channel variation, as shown in section 4.1, then the PMI would not change much from frame to frame. In this case, we can consider the differential PMI feedback. Once the favourite matrix from the codebook is decided, the UE compares the PMI of the current selected matrix and the previous feedback PMI, and only feeds back the differential value of these two PMIs to the eNB. If the mobility is not severe, the differential value would be small. 1 or 2 bits for differential PMI would be enough resulting in the reduction of feedback overhead. At the eNB, based on the feedback, it just needs to add the differential PMI to the previous PMI to get the updated PMI for precoding. 

The flowchart for the differential PMI based feedback for DL is as follows:


[image: image2.emf]Begin

Channel Estimation

PMI Selection

PMI Feedback

Precoding at NodB

Differential 

Feedback?

Different PMI Feedback

Original PMI Recover

Y

N


Figure 2: the flowchart of the differential PMI based feedback
3.1 Differential PMI Feedback Mode Selection
For differential PMI feedback, a UE needs to check the mode for feedback which is decided by the eNB. Usually the eNB takes the following rules or factors into account to determine the mode 
1) For the first feedback, obviously, it can not be in the differential PMI feedback mode.

2) With high mobility or high performance, it is desirable to stay in the original PMI feedback mode.

3) Periodically, original PMI feedback should be used to remove the accumulate error by differential feedback. That is, for every N frames (for example 1000 frames), the eNB should ask the UE to feedback original PMI index instead. 
3.2 Original PMI Recover
In the differential PMI feedback mode, the UE only feeds back the differential value of the PMI compared with previous feedback. In order to get the PMI for precoding matrix, based on the feedback, the eNB simply adds the differential PMI to the previous PMI to get the updated PMI for precoding. 
4

Codebook Design for Differential PMI Feedback
4.1 Codebook Design with Special Feature for Differential PMI Feedback
In order to best use differential PMI feedback, the codebook should be arranged in a special order, that is, ‘similar’ matrices in the codebook should be clustered together. We summarize this feature as follows:
1) The matrices in the codebook with adjacent index must have the smallest distance, and it is better that all the distances between the matrices of adjacent indexes are equal.

2) Cyclic symmetric property: the matrix with the largest index should have the smallest distance with the matrix with the smallest index.

It is easy to see that DFT code book has these kinds of property.

The rank 1 codebook (2 Tx) applicable for differential PMI feedback is shown as follows.
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4.2 Index reorder for code generation
If a codebook does not have the above properties, we could force it to have them by codebook index reorder. Let us assume 
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 is the original codebook, 
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is the codebook after index reorder for differential index feedback. 

The flowchart block diagram for index reorder can be show as follows:
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Figure 2: the flowchart of Index reorder for code generation
We give an example of index reorder for LTE rank 1 codebook of 2 TX as follows:
Table 1: Index reorder for LTE codebook 

	Codebook index
	LTE codebook
	Index reordered codebook
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It is easy to see that after the index reorder, it has the property to support differential PMI feedback
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Summary
For the codebook based feedback, the feedback overhead depends on the codebook size. Usually for 4 Tx and 8 Tx codebook, the size can be as big as 64. In this contribution, we propose differential PMI feedback scheme to reduce the feedback overhead. Also, a codebook reordering for differential PMI feedback is also presented. It is recommended to consider this differential feedback for LTE-A DL MIMO system since it can greatly reduce the PMI feedback overhead.
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