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1 Introduction
It has been shown in [1][2] that DL transmit channel covariance can be exploited at eNB to improve the system performance. For example it can be used to transform the pre-determined codebook by satisfying the moment-matching property to better quantize the channel. It has been shown in [3] that up to 12% performance gain can be obtained with perfect channel covariance feedback at eNB. In [4], various channel quantization approaches are quantitatively compared.
In this contribution, some issues regarding the feedback, application scenarios and the comparison with other advanced feedback candidates of the adaptive codebook are discussed.
2 Comparison between different advanced feedback schemes

In this section, various advanced feedback candidates are qualitatively compared from the feedback overhead and performance perspectives.
	Enhanced feedback schemes
	Pro
	Con

	Adaptive Codebook
	· Small overhead

· Moment matching

· Good performance
	· Less performance improvement in uncorrelated channel

	Differential Codebook in Time Domain
	· Small overhead

· Good performance
	· Propagation error

· Consistent per subband(s) feedback in time domain

	Short-term Channel Covariance
	· Flexibility in terms of precoding and scheduling due to ample CSI feedback
· Good performance due to ample CSI feedback
	· Large feedback overhead

· Low feedback efficiency

	Large baseline codebook
	· Moderate performance


	· Large feedback overhead

· Design difficulty

· Searching complexity


3 DL transmit channel covariance feedback 
3.1 Feedback periodicity and “self-contained” issue
The important feedback philosophy behind the adaptive codebook approach is to differentiate the channel state information (CSI) feedback periodicity based on different statistic properties. More specifically, a generic MIMO channel can be denoted by 
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 represent the long term channel statistic and short term channel realization, respectively. It is obvious that the components in
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have very different coherent time and bandwidth. And, it is therefore inefficient to feed back all CSI at the same pace regardless of their unique statistic features. 
The similar observation has also been captured and reflected in Rel.8. For example, RI report periodicity may be a few radio frames due to its relatively long coherent time compared to PMI feedback. Regarding the adaptive codebook feedback, it is also reasonable to feed back PMI, which represents the short term channel variance, in a short period and the channel covariance, which has larger coherent bandwidth/time, can be updated much slower. 
It is noted that the feedback periodicity of the channel covariance should be configurable not only to accommodate different channel coherent time, but also to solve a potential issue when the feedback channel is not error free. More specifically, by configuring the feedback periodicity, eNB can trigger the UE to update and feed back the channel covariance when necessary. 
3.2 Implicit or explicit feedback

The effective feedback associated with the adaptive codebook is 
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denotes the generic MIMO channel, 
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is the adaptive codebook based on long term channel statistics. It is noted that transformation 
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may take many different forms. For example, 
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may be chosen as 
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or other meaningful function of the spatial channel correlation matrix over a time window. 
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 is the baseline codebook. The effective feedback 
[image: image13.wmf]adpt

w

is decided based on transmission/reception hypothesis. It is obvious that adaptive codebook is inherently an implicit feedback strategy, where certain assumptions are made about the transmission/reception processing. 

4 Application Scenarios

Enhanced MU-MIMO has been identified as a key technology to significantly improve the system performance in LTE-A. Since both the desired signal power and the undesired interference power in MU-MIMO are impacted by the feedback design (e.g. codebook), it is natural to see requirements on feedback accuracy rising. Meanwhile, cooperative multi-point (CoMP) transmission is being viewed as another key enabler of superb performance requirement set forth in LTE-A. To efficiently coordinating the interference across neighbouring sectors in the spatial domain, it is also essential to improve the CSI feedback accuracy and feed back extra interference related CSI to eNB to facilitate CoMP operation. Due to the feedback channel bandwidth limitation, it is unrealistic to assume a significant feedback overhead increase for both MU-MIMO and CoMP
To achieve a good feedback accuracy and overhead trade off, adaptive codebook can adjust the codewords distribution based on the channel statistics, for example, the eigen component distribution of the channel. As a result, the quantization density in the interested portion of the eigen-space can be specifically enhanced depending on the channel condition and antenna configuration. It is noted the aforementioned procedure does not require increasing the total quantization bits. This feature can efficiently balance the trade off between feedback accuracy and overhead and accommodate both SU/MU-MIMO and CoMP operations.
Meanwhile, adaptive codebook can also satisfy the moment-matching property, which generally can be viewed as a necessary condition to see if a codebook is optimal for a certain spatially correlated random channel.
5 Conclusions
Issues associated with adaptive codebook are further discussed from feedback, application scenarios perspectives and the comparison with other advanced feedback schemes are also studied. The corresponding view points are summarized as follow:
· Long term channel covariance has much larger coherent time/bandwidth than the instantaneous channel realization. Therefore, it is efficient to adjust its feedback periodicity accordingly, which normally can be several radio frames. 
· Adaptive codebook is inherently an implicit feedback strategy, where certain assumptions are made about the transmission/reception processing. 

· MU-MIMO is a key technology in LTE-A to improve the system throughput. Adaptive codebook approach can significantly increase the quantization accuracy, which is essential for MU-MIMO, and maintain a relatively low feedback overhead.
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