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1. Introduction

An important decision taken at the RAN1#57 meeting relates to the focus on codebook based feedback for SU-MIMO precoding applications. 
The decisions established so far have laid an important groundwork for LTE-A standardisation. To make further progress, this contribution addresses a couple of already identified open issues and aims to map out ways of making further progress. In particular, the details of the codebooks, and the question of non-codebook based feedback are still open and need to be addressed by RAN1; these aspects are therefore the focus of this contribution. 
The remainder of this document is structured accordingly. Section 2 briefly recalls the decisions from RAN#57 in San Francisco and the text proposals agreed after the meeting. Section 3 sketches open issues in the area of precoding and feedback. Section 4 outlines the concepts addressing the open issues and Section 5 concludes the paper. 
2. Precoding and Feedback Status for LTE-A DL MIMO after RAN1#57
An important result of the RAN1#57 meeting is cited below from the chairman notes [2]. 
· Codebook-based precoding feedback for single cell SU-MIMO as working assumption

· Continue discussion in relation to COMP feedback, MU-MIMO discussion

· Continue discussion about possibility of not having codebook-based precoding feedback

So the feedback system for LTE-A will incorporate a codebook based component. A non-codebook based component may be added after further discussion. It should also be noted that the specification of the feedback system is strongly related to the CoMP and MU-MIMO discussions, which are not currently handled within the MIMO session discussions. 
The current status has been recorded in a DL text proposal for 36.814 and is cited below [3]: 
The baseline for feedback in support of downlink single-cell single-user spatial multiplexing is codebook-based precoding feedback. 
3. Open Precoding/Feedback Issues

The following main open issues may be identified:
· Exact codebooks for up to 8x8
Some principles e.g. with regard to cubic metric have been agreed. Some codebooks have been proposed, but the details still remain to be fixed. 
· Non-codebook based feedback
Although not included in the text proposal, there are alternative feedback schemes using channel state information
· Definition of feedback
The feedback system needs the precoding system as framework. So there has been no in-depth discussion of feedback yet. Some of the schemes under discussion will need an extesnion of the PMI feedback system as specified in LTE. 
4. Extension concepts
The decisions from RAN#57 form an excellent basis for further progressing the LTE-A MIMO system. 

In the remainder of this section, we summarise two concepts which allow the Rel-8 LTE feedback framework to be developed to address the open issues highlighted above. 
4.1. Downloadable codebooks

The introduction of downloadable codebooks is a logical extension of LTE Rel-8 and of the LTE-A codebook system as defined up to now. 

· Adaptation to antenna configurations
Codebooks have to support a large variety of antenna configurations. If only one set of codebooks is specified, these codebooks have necessarily to be a compromise between the different configurations. Such a compromise has to take into account at least the aspects as listed below. 
· Cross-polarised/linear configurations

· Antenna distances ((/2 versus several times ()

· Flexible support of CoMP
With the introduction of CoMP schemes, the set of co-operating cells may feature different antenna configurations. The ability to download different codebooks can provide a means to optimise MIMO operation in such cases. 
· Support of hierarchical codebook concepts
The potential of hierarchical codebook concepts has been highlighted in some contributions [10, 11] and may in some cases be able to be address by downloadable codebooks. 
· Flexible support of MU-MIMO 
The codebooks as defined for LTE have the focus on SU-MIMO. For MU-MIMO these codebooks are not optimal. Downloadable codebooks allow for the additional provision of codebooks optimised for MU-MIMO whilst keeping the codebooks designed for SU-MIMO. For the potential of this additional flexibility, see the following bullet points. 
· Grid of beam (GoB) concepts 
One of the promising MU-MIMO concepts that could be implemented via the downloadable codebook feature consists in using a predefined set of fixed beams, a grid of beams. For more details on this concept, see [4]. 
· Flexibility of implementation
The ability to download codebooks provides significant gains in flexibility for implementation. Instead of having the pressure to tailor the codebooks in the standard to all the different configurations that might be required in the future, all of them can be met by specifically adapted downloadable codebooks. Thus the ability to download codebooks provides a degree of forwards compatibility. 
· Only limited standardisation requirements
There are two aspects of the downloadable codebook concept, that need explicit standardisation: 

· Download procedures 
To apply the concept, procedures for the download of the codebook have to be defined 

· Feedback
The feedback system must be flexible enough to support a variety of codebooks. 

· Fixed codebooks may still be included as default. 
Downloadable codebooks may be combined with a basic set of fixed codebooks. This is useful as a fallback and during initialisation. 
More details on flexible codebooks can be found in [5]. 
4.2. Feedback extensions
The feedback system that was entirely based on PMI in LTE may be extended in a number of ways. 
· Support of additional PMIs
Some MU-MIMO and CoMP schemes need additional feedback information in excess of the PMIs already available in LTE. For example, in a GoB concept, additional PMIs denoting best and/or worst interfering beams can provide significant improvements. 
· Support of direct CSI feedback information 
· Compression algorithms for feedback information
Since the amount of feedback increases through advanced CoMP and MIMO concepts, the issue of feedback compression comes into focus, for more details see [8] and [10]. 
· Extension of “self-contained” principle
The LTE feedback system was based on the so-called self-contained principle, which implied that no temporal correlation is exploited in the feedback system. As outlined in [8] [9] and [10], correlations in frequency as well as time should be considered. The “self-contained principle” is proposed to be extended accordingly. 
For a more general analysis of feedback requirements for LTE-A, see [9]. 
5. Conclusion

The status of DL MIMO for LTE-A has been analyzed. Proposals for progressing the main open issues have been made. Most notably, the ability to download codebooks has been identified as an enabler of advanced MIMO schemes for LTE-A. Feedback related implications have been discussed. 
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