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1. Introduction

The RAN1 discussion on LTE-Advanced has yielded as a first important result the LTE-Advanced requirements specification [1] as approved in the latest version at the RP#43 meeting. 
In order to progress this subject further, a structuring of the available technologies has been provided in [2], which gives a classification and overview. In [3] a general overview of MIMO and CQI enhancement techniques is given. Starting from this framework, this contribution takes on a crucial aspect of the CQI enhancement options: feedback compression techniques. 
One of the important features of LTE consists in its ability to implement frequency selective scheduling algorithms. These algorithms crucially depend on frequency selective feedback. In order to reduce the amount of feedback needed in the system, some kind of feedback compression techniques are needed. In principle, a variety of techniques can be used. However, from all these techniques only the reduction in frequency and time has been used in LTE. Moreover, for LTE the so-called self-contained principle has been adopted, barring all methods exploiting in some way any kind of memory in the system. Given the ambitious performance objectives defined for LTE-Advanced, a reconsideration of these constraints is appropriate. 
2. Feedback compression techniques for LTE Advanced
The basic compression approach of LTE by reduction in frequency and time can be improved, e.g. by using a source-coding approach which takes into account the special properties of the source. 
In LTE advanced there will be an increased demand for efficient compression due to:

· The demand for higher spectral efficiency drives the need for frequency selective scheduling with accurate resolution of CQI information. 
· Upcoming coordinated multi-point transmission increases the amount of feedback needed for CSI and CQI. 
· Increasing number of transmit antennas can be expected which also increase the feedback demand. 
2.1. Compression approaches
Feedback compression is a key feature for LTE. Find below envisaged areas for improving the LTE feedback system
· Feedback reduction via orthogonal transformations, e.g. wavelets
One of the characteristics of wavelet based signal analysis techniques consists in the ability to resolve a signal in the frequency/time domain in different resolutions. This can be used to derive feedback compression techniques superior to the existing subband/reporting period schemes of LTE. 
· Transformation-based feedback reduction separating long-term and short-term components:
Taking CSI as an example, this method may be summarised as follows. In the time-domain the most significant components are determined by filtering. The delay and average amplitude of those components will be signaled on a long-term basis. For following the fast fading, the instantaneous coefficients are signaled on a short-term basis with reduced dynamic range. 
· Optimal quantisation through vector quantisation

2.2. CQI compression
As mentioned above, frequency selective scheduling will benefit from improved efficient feedback compression. 
Besides the compression techniques mentioned above there is also the alternative to use time related feedback techniques [4]. 
CQI compression is particularly important in the context of CoMP [7]. As baseline, the amount of CQI feedback with CoMP may be similar to Release 8. However, CQI calculation may depend on CoMP transmission scheme and UE receiver type and will put additional burden on CQI reporting. LTE-A enhancements in CQI feedback schemes may be classified as follows : 

· CQI compression by source coding

· Incremental CQI to reduce the CQI reporting overhead

2.3. CSI compression
Whereas CQI requires feedback of real valued coefficients, CSI represents complex valued information of the MIMO channel matrices. Channel state information at the transmitter in LTE is based on PMI. With increasing number of transmit antennas, codebooks become more and more inefficient (especially when the combination of strongly correlated and calibrated antenna arrays is not available). 

So as an alternative, it should be considered to use e.g. transformation-based source coding approaches for feedback compression of channel state information. This enables adaptive MIMO transmit techniques (e.g. ZF precoding etc.) for SU-MIMO, MU-MIMO and coordinated multi-point transmission for improving the system performance. 
Additionally, this new kind of CSI can be used for increasing the accuracy for frequency selective scheduling and thus either allows improving the performance or lowering the feedback rate for CQI transmission. 
2.4. Hierarchical Feedback with Nested Codebook Structure
To support increased degrees of freedom in CoMP, ‘downloadable codebook’ approach is useful, [5], [6]. Codebook is generated offline for a large variety of scenarios and channel environments, and stored in the eNB. Different codebooks can be loaded depending on the UE channel environment. Codebook design can be optimized for each radio environments give limited number of bits available for feedback signalling. 
Other enhancement in codebook structure may offer improved performance by allowing adaptivity in codebook generation. As an example, a simple hierarchical feedback strategy with nested codebook structure would provide performance benefit for low mobility users [8]. 

It is noted that these approaches are not exclusive, allowing increased optimization in codebook structure.
3. Proposal

The current existing LTE restriction for “self-contained feedback” limits the feedback efficiency. The separation of long-term and short-term components allows for a more efficient feedback compression. Possible error propagation problems can be mitigated by well known methods already established in state-of-the-art source coding techniques. 
So we propose for LTE-Advanced to extend the LTE-principle of “self-contained feedback”. 

4. Conclusion

Efficient feedback compression techniques support LTE-Advanced for achieving higher spectral efficiencies. The accuracy of frequency selective scheduling can be increased and adaptive MIMO techniques will be enabled. This demands to allow non-self-contained feedback techniques.
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