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1 Introduction
It has been a reached consensus that for noematic UEs precoding based closed-loop MIMO is a favourable way to achieve close-to-capacity performance for an FDD based system. What are still in discussion are the codebook size and the bandwidth upon which a precoding matrix is to be used. In addition, since common pilot is the current assumption, beamforming matrix verification is an issue needs to be addressed.
2 Codebook index feedback

How to feed codebook indices back to the transmitter is a question closely related to the codebook size. The codebook size is in turn determined by the performance we desire to achieve and the feedback overhead we price are willing to pay.

2.1 Codebook size evaluation

It is our view that the performances of different codebook sizes depend on the size of a beamforming block (BFB, i.e. the number of subcarriers using the same precoding matrix). In the extreme case, if we use only one codeword for the whole frequency band, the benefit of closed-loop will certainly be lost. This is because except for a small number of subcarriers, this codeword will look like a random matrix to the most of subcarriers. In other words, it is like random precoding, or no precoding. We are effectively eliminating this closed-loop approach simply because this one-word-for-the-whole-band approach does not work.

To make precoding work, the precoding matrix used by a BFB needs to be highly correlated to the ideal precoding matrix of each tone. By denoting 
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where 
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 is the complex conjugate of 
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[image: image8.wmf]i

k

V

,

~

 and 
[image: image9.wmf]i

k

V

,

 become uncorrelated, (1) no longer holds, 
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 becomes another random unitary matrix, and the gain of precoding is lost.

When the size of BFB is small, 
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 within the BFB are highly correlated. In this case, we need to find a 
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 from the codebook so that 
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 is as close as possible to identity. A small codebook size will become a performance-limiting factor due to its quantization error. On the other hand, when the size of BFB is large, 
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 within the BFB are no longer highly correlated; any codeword that matches a specific 
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s in the BFB. When this is the case, a high-resolution codebook is not needed, because the variation in 
[image: image18.wmf]i

k

V

,

 has already larger than the quantization error in the codebook.

For the reasons discussed above, we believe that to exploit the benefit of precoding based closed-loop MIMO we need to evaluate performances of BFBs with different sizes, as well as the codebook sizes associated with them. Only then will we be able to make an overall comparison and decide on the best trade-off.

2.2 Differential codebook index feedback

Better performance requires larger feedback load. To reduce the feedback load while still maintain the precoding performance, channel coherence in both time and frequency needs to be exploited. This is based on the reasoning that although channel changes from BFB to BFB, the change is gradual, and hence only update in delta is needed. Any full index feedback carries unnecessary redundancy, and hence is inefficient. This is explained as in Figure 1.
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Figure 1 Differential codebook index feedback
Assume a codebook of size 64 is used. If we divide the codebook into 8 groups, and select one codeword in each group for the first feedback (denoted in Figure 1 as the BFB-G block), then only 3 bits is used and the block uses an equivalently 8 entry codebook. However, by employing differential codebook index feedback, we may use 3 bits for other BFB-D blocks to achieve the performance of a 64-entry codebook. The details of this approach were explained in Nortel’s contribution [1]. Note that this differential approach reduces the complexity of codebook index search as well, for due to the coherence in time and frequency, codebook search needs to be conducted only in the vicinity of the previous reference.

3 Codebook matrix verification
In a common pilot based system, pilots are not precoded, and hence have different channel matrix from data. If the receiver knows the precoding matrices used by the transmitter, it can reconstruct the channel matrix with precoding effects. When data channel matrix can be correctly reconstructed, data can be correctly decoded. However, if the receiver uses a different precoding matrix from the transmitter, constructed effective data channel matrix will be wrong. When this happens, the detected data will be useless due to incorrect channel references, which means they can even not used for H-ARQ.

This possibility of feedback error calls for an effective way of codebook matrix verification. Ideally, the verification needs to satisfy the follow two conditions:

1. It can detect feedback errors instantly.

2. It is able to detect which codeword is used at the transmitter. This allows us to eliminate the possibility of feedback error propagation and data loss. 
In [2], a beacon tone approach was proposed to serve this purpose, as shown in Figure 2. The precoding codeword verification is based on the maximum likelihood criterion, i.e.
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and

· 
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 is the precoding matrix based on the “previous” feedback, which is unitary;

· 
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 is the pilot vector transmitted on a “beacon tone”;

· 
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 is the “current” channel matrix without precoding;

· 
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 is the received signal vector on the corresponding “beacon tone”;

· 
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 is the noise vector at the receiver;

· 
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 is the codebook size;

· 
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 is the estimated precoding matrix at the receiver;

· 
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 is the square of the norm.
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Figure 2 Beacon tone pilots

Note that due to channel coherence in time and frequency, when feedback error does not occur, verification search is limited to the vicinity of the precoding matrix based on which differential feedback is based, and this number can be for example eight. In addition, all beacon tones within a feedback period can be used jointly for precoding codeword verification, but the minimum required number of beacon tones in one feedback period for each precoding BFB is one.

When an error is detected and 
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 can be used to detect the data and as a final say about the “real” precoding matrix is used at the transmitter, and we can then base the next precoding update on it.

The importance of precoding matrix verification was also studied and reported in [3], which shows significant performance improved, both in reliability and throughput.

4 Summary

In this contribution we discussed the relation between codebook size and the size of BFB. It is our view that to benefit from precoding based closed-loop MIMO, BFB should not be too large. In order to reduce feedback overhead and maintain precoding performance, channel coherence in both time and frequency can be exploited. Finally, precoding MIMO needs a verification mechanism to prevent matrix mismatch between transmitter and receiver. One practical way is to use “beacon tone” pilots, as proposed in [2] and investigated in [3].
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