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1. Introduction

In [1] a broad framework for the evolution of MU-MIMO in LTE-A is presented. It is shown there how the ability to adapt the CSI feedback codebook is important for support of MU-MIMO in the range of scenarios and antenna configurations likely to be encountered 
This contribution provides an overview of adaptable codebooks. More details on signalling aspects of adaptable codebooks are discussed in [2], while [3] gives an example of a codebook that could be downloaded to match a grid of beam concept. 
Codebooks were studied extensively for LTE, and for LTE-A a first set of codebooks is nearly completely defined. The codebook systems defined so far for LTE as well as for LTE-A foresee only one codebook per number of antennas 
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. 
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-A. Section 3 introduces downloadable concepts to enable the codebook to be adapted. 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 [7] 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 number of antennas. 
The implications for cross-polarised antenna configurations have been analysed in [6] and for small/large antenna spacing in [8] 
Introducing the ability to adapt the codebook to the scenario in LTE-A would make it possible to avoid the inevitable compromise of a single codebook aiming to satisfy a rather large set of conflicting requirements imposed by a variety of antenna configurations. 
3. Potential advantages of adapting the codebook
Downloading new codebooks allows the codebook to be optimised for the antenna configuration and scenario used at the eNodeB. A discussion of important aspects is given below:
· Cross-polarised antennas
The potential of using a codebook specifically tailored to cross-polarised antennas has been analysed in [6]. 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. [8]
· Grid of beam (GoB) approaches
An analysis of GoB approaches can be found in [7]. 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. Adaptable 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 [4] and [5]. 
· MU-MIMO concepts
In addition to the GoB/Beam pairing proposal as outlined above the ability to adapt the codebook would provide useful support for other MU-MIMO schemes
· CoMP schemes
The GoB/Beam pairing proposal concept can be easily extended to a CoMP concept, see [4]. 
· Codebooks in support of hierarchical feedback structure
Adaptable codebooks may easily support hierarchical feedback concepts that exploit feedback correlation in the time domain and enable more accurate CSI to be available at the eNodeB, see e.g. [10] and [11]. 
4. Standardisation aspects

Although many aspects of codebook adaptation do not need standardisation, two aspects need closer consideration: feedback and download procedures. These two aspects are treated in the next subsections and with more detail in [2]. 

Codebook adaptation has already been introduced in other standards, see [9]. 
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) are fed back. If the codebook is adaptable, the feedback system puts constraints on what kind of codebook can be downloaded. 
To support a broad range of codebooks, the LTE feedback system has to be extended. 
4.2. Download procedures

To enable the codebook to be adapted, appropriate download procedures have to be defined and to be included in LTE-A. This is discussed in [2].
5. Conclusion

This contribution proposes to include support for adapting the codebook into LTE-A. It is proposed to extend the LTE feedback system accordingly and to introduce appropriate download procedures. 
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�Configuration could be interpreted to mean polarisation and spacing as well. 
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