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1. Introduction

Codebooks have been studied extensively for LTE and also for LTE-Advanced the discussion on suitable extensions has already started. The LTE codebook system foresees only one codebook per antenna configuration regardless of the context (polarisation, antenna spacing) of the antenna system used. Necessarily, the resulting codebook is a compromise of the superset of all the requirements imposed by the different scenarios. This is the starting point for the analysis provided in this contribution. 
This contribution proposes to extend the LTE codebook system via the provision of downloadable codebooks. 
The remainder of this document is structured as follows. Section 2 analyses the existing LTE codebook concept as well as the proposed extensions for LTE-Advanced. Section 3 introduces downloadable concepts. Section 4 provides some insights on the aspects of downloadable codebooks that require standardisation. Section 5 concludes the paper. 
2. Analysis of existing codebook concepts
Codebooks have been extensively studied in the framework of LTE. In the context of this discussion, the following aspects are important. 
· No hierarchical structure 
In [5] the merits of a two-step approach have been highlighted. Such a scheme is not possible in the LTE codebook framework. 
· Only one codebook per antenna configuration. 
The implications for cross-polarised antenna configurations have been analysed in [4] and for small/large antenna spacing in [6] 
The discussion concerning the extension of the LTE codebook system for LTE-Advanced may be characterised as follows: 
· Principles of LTE codebook design are kept

· Extension to up to 8x8 antenna configurations

The implication of the LTE approach is, that the codebooks represent a compromise between a rather large set of conflicting requirements imposed by a variety of antenna configurations. The up to now envisaged extensions for LTE-Advanced keep this restriction. 
As outlined in the next Section, downloadable codebooks overcome these restrictions. 
3. Potential of downloadable codebooks
Downloadable codebooks allow to optimise the codebook to the antenna configuration and scenario used at the eNodeB. Find below a discussion of important aspects
· Cross-polarised antennas
The potential of using a codebook specifically tailored to cross-polarised antennas has been analysed in [4]. Although the support of cross-polarised antenna configurations is part of the design process of LTE and LTE-A codebooks, the performance of a codebook specifically tailored to the needs of cross-polarised antennas cannot be met by a compromise codebook. 
· Closely spaced versus widely spaced antennas
With regard to antenna spacing, two typical scenarios have to be distinguished. Closely spaced antennas with a typical spacing of (/2 are well suitable for beamforming type schemes. Widely spaced antennas with a typical distance of 10( are more suitable to spatial multiplexing type of schemes. Also in this context downloadable codebooks allow for a variety of optimisations. [6]
· Grid of beam (GoB) approaches
GoB approaches have been proposed for LTE. An analysis can be found in [5]. This concept has advantages compared to the utilisation of adaptive beams (complexity) as well as to the broad and overlapping beams of the existing LTE codebooks (MU-MIMO). The GoB concept can be extended with beam pairing concepts, see next bullet point. Downloadable codebooks provide the means to support GoB concepts in LTE-A, see Section 4. A more detailed description of the potential of GoB for LTE-A can be found in [1]
· Beam pairing concepts 
The GoB concept as outlined in the preceding bullet point can be extended via beam pairing into a MU-MIMO concept. More details on beam pairing can be found in [2] and [3]. 
· MU-MIMO concepts
In addition to the GoB/Beam pairing proposal as outlined above the downloadable codebook concept supports other MU-MIMO schemes
· CoMP schemes
The GoB/Beam pairing proposal concept can be easily extended to a CoMP concept, see [2]. 
· Codebooks in support of hierarchical feedback structure
Downloadable codebooks may easily support hierarchical feedback concepts that exploit feedback correlation in the time domain, see e.g. [8] and [9]. 
4. Standardisation aspects

Although many aspects of downloadable codebooks don’t need standardisation, two aspects need closer consideration: feedback and download procedures. These two aspects are treated in the next subsections. 

Downloadable codebooks have been successfully introduced in the 3GPP2 standard, see [7]. 
4.1. Feedback system

In a codebook oriented MIMO concept, the UE signals back the best suited codebook entry. In extensions like GoB with beam pairing, additionally the entries denoting best or worst companion(s) have to be signalled back. With respect to the downloadable codebook concept, the feedback system puts a framework on and thereby limits what kind of codebook can be downloaded. 
To support a broad range of effectively downloadable codebooks, the LTE feedback system has to be extended to support bigger codebooks and to support feedback signalling for best/worst companion reporting. 
4.2. Download procedures

To incorporate the downloadable codebook concept, appropriate download procedures have to be defined and to be included into LTE-A standardisation. 
5. Conclusion

This contribution proposes to include downloadable codebooks into the LTE-Advanced concept. It is proposed to extend the LTE feedback system accordingly and to introduce appropriate download procedures. 
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