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1. Overview
At the IMT-Advanced workshop in Shenzhen requirements for a LTE-Advanced system have been discussed. Moreover, there were top-level presentations on the envisaged technologies principally suitable for fulfilling the requirements. The discussion has been continued at the Kansas City meeting and finally resulted in the LTE-Advanced requirements specification [1] as approved in the latest version at the RP#40 meeting in Prague. 
In order to progress this subject further, a structuring of the available technologies is needed. Such an analysis is e.g. contained in [2], which gives a classification and overview. This contribution selects important technical areas and proposes enhancement techniques for study in RAN1 for LTE-Advanced. 
The remainder of this document is structured as follows. Section 2 highlights the technical areas proposed for study in the framework of LTE-Advanced. Section 3 deals with MIMO aspects, whereas Section 4 takes a look at feedback issues. Section 5 summarises subjects to be included into the study of LTE-Advanced. Section 6 concludes the paper. 
2. Technical Areas for LTE-Advanced Study
The technologies envisaged for LTE-Advanced have been presented at the Shenzhen workshop and further discussion has taken place at the Kansas City meeting. A variety of technological key areas has been identified. This contribution puts the emphasis on two important areas of enhancements for LTE Advanced as listed below. 

· MIMO
· Feedback compression

For both areas listed above, the same evaluation scheme is applied. First improvement techniques are presented that take LTE as a basis. Then in a second step the potential of these enhancement techniques for systems well beyond the LTE horizon is outlined. 

3. MIMO Techniques for LTE-Advanced
3.1. Overview

MIMO has already played an important role in the LTE standardisation. Moreover, enhanced MIMO concepts are a key component of all technology proposals for LTE-Advanced presented so far. Another aspect relates to the final streamlining of LTE. Some promising MIMO techniques have not been considered or even been removed from the specifications for the sake of limiting the complexity. Therefore it seems worthwhile to also reconsider these techniques. Applying the approach as outlined in the preceding section, the remainder of this section is structured as follows. First enhancement techniques immediately applicable to LTE are discussed. In a second step the potential of these enhancement techniques for advanced network concepts is highlighted. 
3.2. MIMO techniques for LTE enhancements
MIMO techniques are already a key component of LTE. Most notably the study of precoding techniques has resulted in a set of codebooks that has been incorporated into the specifications. However, complexity issues have triggered a focus on limiting functionality to ease implementation. With the focus shifting to fulfilling LTE-Advanced requirements, it is appropriate to reconsider these techniques also. Find below a review of a number of techniques appropriate for inclusion into LTE-Advanced studies, some of them already included in the discussion for LTE. 
· Precoding
Precoding is a well established MIMO technique, that already forms part of LTE. A basic set of codebooks has been incorporated into the specifications. We suggest to extend the current LTE precoding with the following concepts: 
· Codebooks in support of 8 antennas
The LTE codebooks cover antenna configurations of 2 and 4 transmit antennas. Most evolution scenarios for LTE-Advanced foresee an increase in the number of antennas. Such an evolution is best supported via the introduction of appropriate codebooks. 
· Codebooks specifically tailored for the use with cross-polarised antennas
The utilisation of cross-polarised antenna configurations is important in existing as well as emerging mobile networks. There has been some discussion on this subject during the specification of LTE. However, in order to reduce the number of codebooks, no specific codebooks for cross-polarised antennas have been included. Since the cross-polarised antenna configuration has significant importance, adding such codebooks will yield considerable LTE performance benefits. 
· Grid of fixed beams techniques
The utilisation of a grid of fixed beams has gained significant attention recently. Such configurations are characterised by an advantageous cost/benefit ratio. In addition to the performance analysis, extensions to the LTE feedback signalling specifications are necessary. 
· Downloadable codebooks
To meet the ambitious performance requirements established for LTE-Advanced, significant more flexible precoding schemes are needed. The concept of making the codebook downloadable to individual UEs is a promising way of introducing more adaptivity into LTE precoding operations. 
· Pairing of UEs for MU-MIMO
In principle MU-MIMO doesn’t need standardisation beyond the basic support functionality that has been incorporated into LTE. However, significant performance gains can be realised if the UE feedback supports the Node B in selecting appropriate UEs that are best served by the same frequency/time resource. So appropriate extensions to the LTE feedback should be evaluated. 
3.3. MIMO techniques for network/collaborative schemes

The enhancement techniques as outlined in the preceding section 3.2 are all suitable as part of an evolution towards new network concepts. Many of the technology concepts as presented in the Shenzhen workshop as well as in Kansas City invoke some sort of co-operation between base stations as a key feature. The enhancement techniques proposed in this contribution are all suitable for such co-operative concepts. For example the grid of fixed beam technique as outlined in the preceding section is well suited for concepts with comparably low co-ordination requirements. On the other hand, a feature like downloadable codebooks is an important component for a network incorporating close co-operation between base stations. 
The techniques as outlined in the preceding section 3.2 are suitable for incorporation into an evolutionary path starting from LTE and ending with a LTE-Advanced network featuring close cooperation between base stations. 
4. Feedback Compression for LTE-Advanced
4.1. Overview

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. Given the ambitious performance objectives defined for LTE-Advanced, a reconsideration of e.g. methods based on orthogonal transformations (e.g. wavelets) is appropriate. The remainder of this section is structured as follows. First feedback compression schemes immediately applicable to LTE improvements are discussed. In a second step the potential of these techniques for LTE-Advanced evolution is highlighted. 
4.2. Feedback compression techniques for LTE enhancements
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:
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.
4.3. Feedback compression techniques for network collaborative schemes
The technologies proposed for LTE-Advanced always involve some element of co-ordination between different base stations. This aggravates the problem of feedback compression, because now the feedback information for several base stations has to be taken into account. The enhancement techniques as outlined in the preceding section 4.2 are therefore a kind of crucial enabler for these collaborative network concepts. 
5. Proposal

A set of enhancement techniques has been evaluated with respect to their potential of improving LTE. Special emphasis has been put on the fact that these enhancement techniques are part of an evolutionary path towards innovative network concepts involving close co-ordination between base stations. 
It is proposed that the techniques as listed below are studied in RAN1 in the scope of LTE enhancement techniques immediately applicable for improving LTE as well as with respect to innovative network concepts. 
· MIMO

· Precoding

· Codebooks in support of 8 antennas

· Codebooks tailored for the use of cross-polarised antennas

· Grid of fixed beams techniques

· Downloadable codebooks

· Pairing of UEs for MU-MIMO

· MIMO techniques for network/collaborative schemes

· Feedback Compression

· Feedback reduction via orthogonal transformations e.g. wavelets
· Transformation-based feedback reduction separating long-term and short-term components

6. Conclusion

This contribution analyses areas of interest for the study in LTE-Advanced. The subjects of MIMO and feedback compression have been evaluated and a proposal has been derived. RAN1 is asked to include the technical areas as outlined in Section 5 in the study of LTE-Advanced. 
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