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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. A more detailed look into the concept of adapting the CSI feedback codebook is contained in [2], while an application to a grid of beam type of codebook can be found in [3]. 
This contribution provides some more details on codebook adaptation. It focuses on the crucial aspects related to signalling, especially the efficient implementation of information transfers related to adaptable codebooks. 

The remainder of this document is structured as follows. Section 2 analyses the information flows needed to adapt a codebook. Section 3 takes a closer look at the download information that forms a crucial part of the necessary signalling procedures. Section 4 considers how the overhead can be kept low. Section 5 proposes how to proceed in RAN1. 
2. Information flows needed in support of codebook adaptation
Signalling to enable the CSI feedback codebook to be adapted to the scenario involves two basic information flows as detailed below. 
· eNodeB – UE:  Signalling of the codebook
Since the codebook to be used is not known apriori in the UE, there needs to be some information denoting the actual codebook to be used. Depending on the scheme adopted this can be either the complex coefficients, some model parameters or just a pointer to a prestored codebook out of a whole set of codebooks. More details on this aspect will be highlighted in the next section. 
· UE – eNodeB: Feedback procedures
The feedback system has to allow the UE to indicate the preferred codebook entries regardless of the specific features of the actual codebook in use. Therefore the feedback procedures put a constraint on the codebooks that can be downloaded. So the feedback system needs to be sufficiently general in order to not unduly constrain the type and size of the codebook, so that all desired scenarios can be supported with corresponding codebooks. On the other hand, the amount of feedback information has to be limited. This is especially true with respect to widening the scope to CoMP schemes. 
3. Codebook downloading procedures

This section gives an overview of some basic schemes by which the codebook can be constructed at the UE based on information from the eNodeB. In all schemes there is a tradeoff between flexibility in defining the codebooks and complexity in terms of information to be transferred as well as algorithmic complexity in the UE to actually derive the codebook. A short discussion of the principal options is given below. 
· Explicit download
In this scenario, the codebook is just plainly downloaded. All matrices with all their complex coefficients are transferred from the base station to the UE. This would be done by higher layer signalling procedures. Such a scheme provides the most flexibility and requires very little processing in the UE. However, the amount of information to be transferred over the air interface is quite significant and may be unsupportable in a CoMP environment. 
· Implicit download
Implicit codebook downloading assumes that the codebook matrices can be derived according to a model that is known to the UE. In this case only the model parameters need to be transferred. More details and examples will be discussed in the next section. In this case some flexibility in defining the codebook matrices is lost. Some processing is needed in the UE to derive the actual codebook from the parameters. However, the benefit is that the amount of information to be transferred to the UE is significantly reduced. 

· Selection out of a collection of codebooks 
This method involves  working with a predefined set of codebooks. The whole set of codebooks is stored in the UE. Only a selection parameter is transferred via the air interface. This scheme is certainly the optimal one with respect to the amount of information to be transferred; however, there is a non-negligible storage requirement in the UE, and moreover the ability to adapt the codebook to suit new scenarios is severely constrained, according to what has been predefined. 
4. Consideration of overhead of proposed signalling schemes
Taking implicit downloading of new codebooks as a reasonable balance between signalling overhead and adaptability, a variety of models and related structures can be envisaged. An overview and short discussion is given below. 

· Mirroring
This approach exploits symmetries stemming from the antenna configuration and/or the codebook design. Instead of transferring the whole information, only a part needs to be actually transmitted. The UE restores the overall information from the known symmetries. 

· Base matrices
In this scheme some base vectors and/or matrices are stored in the UE. Parameters transferred to the UE indicate how to generate the codebook from the base elements. 
· Hierarchical structure
An especially powerful scheme is depicted in Figure 1. In this structure the codebook entries are organised in hierarchical levels. As discussed in [4], such codebook structures can enable the UE feedback to be aggregated over multiple reports, giving more accurate knowledge of the MIMO channel at the NodeB and resulting in improved throughput. By aggregating the feedback over multiple reports, the codewords can be arranged in a hierarchical structure so that the feedback in one report indicates a “child” of a codeword indicated by previous feedback. The combination of level and offsets in such a codebook allows for very compact and efficient algorithms for download and feedback. 
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Figure 1: Hierarchical structure
5. Conclusions and implications for RAN1 work 

In view of the benefits of adapting the CSI feedback codebook highlighted in [1], and the overview of the related signalling procedures provided in this contribution, we propose the following:  
· LTE-A should include signalling support to allow the CSI feedback codebook to be adapted to different scenarios. 
· The possibility of adapting the codebook should be taken into account when defining the feedback procedures. 

· Attention should be paid to keeping the overhead of adapting the codebook low, especially when considering operation in CoMP scenarios. 
This should be included in 36.814. A text proposal is presented in the next section. 
6. Text Proposal
The following text proposal is for Section 7.2.1 of 36.814. 
Text Proposal

(--------------------------------------------------------------------------------------------------------------------

The codebook used for CSI feedback in DL MIMO may be changed semi-statically, for example to support different scenarios and antenna configurations. 
· LTE-A includes the signalling support to allow the CSI feedback codebook to be changed semi-statically. 

(--------------------------------------------------------------------------------------------------------------------
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