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1 Introduction
In recent meetings, transmit (Tx) covariance has been quite widely used in the precoder design of MU-MIMO and CoMP. With the knowledge of Tx covariance at the eNB side, the eNB would be able to design a precoder that optimizes average signal quality. However, it should be noted that average signal quality is not the only performance metric that needs to be considered in precoder design. The level of signal quality fluctuation in time/frequency is another performance metric that needs considerations. In this document, we briefly discuss this deficiency of Tx covariance in precoder design. It is proposed that some other statistical information complemented to Tx covariance may be reported to the eNB, in order to enable the eNB to incorporate the level of fluctuation into the precoder design.
2 Analysis of Tx covariance
In general, the received signal at the UE side corresponds to:
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where 
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is channel matrix, 
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is the precoding vector, 
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 is the noise vector, 
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 are the input symbol and receive signal vector.

The total receive power would be:
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Here we have defined the covariance matrix R:
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From the above calculation, it is easy to see that, if R is known at the eNB side, then the eNB would be able to select a precoder that can optimize average signal quality (Ps). Similar argument can be extended to MU-MIMO environments, such as in signal-to-leakage-noise ratio (SLNR) design.

However, it should be noted that a precoder that simply optimizes average signal quality does not necessarily to be the optimal precoder. In other words, some performance metric other than average signal quality may need consideration as well. For example, the level of signal quality fluctuation in time/frequency is another factor that needs to be taken into account. 
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Figure 1. Outage vs. Average

As shown in figure 1, a precoder may simply optimize the average signal quality. But, if the level of fluctuation in time/frequency is very high, there is still a large probability that a set of time/frequency resources encounters bad channel quality (outage event). Such probability would increase with the level of time/frequency fluctuation. Therefore, it is preferred to enable the eNB to have the knowledge of the fluctuation level. Because precoding vector may actually change the level of fluctuation, the design of precoding vector needs to consider not only the average signal quality but also the fluctuation of signal quality in time/frequency. This above point is actually quite similar to the ergodic capacity vs outage capacity discussion in academia, such as in Foschini’s paper [1].
3. Outage Measurement
As we discussed, it is preferred to enable the eNB to know the level of fluctuation in time/frequency. Then, the question turns out to be: how to measure the level of fluctuation? Here we make a little further analysis. We copy the MIMO input-output relationship here:
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As we can see, for rank one transmission, the receive signal, 
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, is a vector. Each elements of 
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 corresponds to the received signal on each Rx antenna. Moreover, because channel matrix is random, the receive signal vector, 
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, is a vector that also contains random variables. 

In case that the elements of 
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 are spatially independent, the level of time/frequency fluctuation would be small because it is unlikely that all elements of 
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 are small, i.e., small outage probability. On the other hand, if the elements of 
[image: image16.wmf]y

v

 are spatially fully correlated, the level of time/frequency fluctuation is larger because there is a larger probability that all element of 
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 are small. Therefore, the spatial correlation between the elements of 
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 can be an adequate measurement of level of time/frequency fluctuation. In other words, the spatial covariance matrix of 
[image: image19.wmf]y

v

:

[image: image20.wmf]I

R'

I

H

H

2

2

]

[

]

[

s

s

+

=

+

=

H

H

H

w

w

E

y

y

E

r

r

r

r


would reflect the level of time/frequency fluctuation. Here we define the needed covariance matrix to be:
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In case that the elements of 
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 are complex Gaussian (because in many situations 
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is complex Gaussian), this covariance matrix, 
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, fully determines the probability density function of 
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. Other statistics of fluctuation, such as variance, can be derived from the knowledge of this covariance matrix. 
Please note that, different from the conventional definition of receive side spatial covariance matrix 
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, the needed covariance matrix, 
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, is a function of precoding vector 
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. Therefore, the eNB would need to know 
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 with respect to arbitrary precoding vector. 

There are at least two possible cases that make the knowledge of 
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(w.r.t arbitrary precoding vector) quite useful at the eNB side:
Case 1: there are two precoding vectors are making similar (or even the same) average signal quality. Without the knowledge of 
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, the eNB may arbitrarily select one. However, with the knowledge of 
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, the eNB can select the precoding vector that causes smaller fluctuation, which shall improve precoder performance.

Case 2: there are two precoding vectors: one make higher average quality but with larger fluctuation, while the other one causes lower average quality but with smaller fluctuation. Without the knowledge of 
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, the eNB would definitely select the former one. However, with the knowledge of 
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, the eNB may possibly select the latter one, especially when the average qualities are not severely different.
For simplicity, the above equations include only single rank SU MIMO operation. However, it is not difficult to extend the above concepts to multi-rank, multi-user or even multi-cell (CoMP) environments. Therefore, such additional information may have a wide usage in the system. It is further preferred if the information could cause low feedback overhead.
4. Conclusions
 In order to obtain the eNB side knowledge of time/frequency signal quality fluctuation with respect to arbitrary precoding vector, it is proposed to feedback some additional spatial statistic information complemented to Tx covariance matrix, such as discussed in [2].
[1] GJ Foschini and MJ Gans, “On limits of wireless communications in a fading environment when using multiple antennas”, Wireless personal communications, 6: 311–335, 1998.
[2] W. Weichselberger, M. Herdin, H. Özcelik, E. Bonek, A Stochastic MIMO Channel Model With Joint Correlation of Both Link Ends, IEEE Transactions on Wireless Communications, 5(1) , pages 90 - 99, 2006.
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