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1. Introduction

Precoded MIMO transmission is a closed loop method which allows improvement in performance based on channel knowledge - several contributions from many companies have shown the significance of precoding. It has been established that reduction in feedback overhead is critical for closed loop MIMO to be practical in EUTRA. Codebook based methods provide a trade off between feedback overhead and closed loop MIMO performance. 

2. Design Aspects of Precoding

Several design aspects of precoding have been considered by many companies in previous meetings. In order to come up with a complete design of LTE-MIMO precoding system, it is important to look at the design of the precoding methodology not in parts, but as a whole – several aspects such as codebook size, time (periodic update rate) and frequency resolution (precoding chunk size), rank adaptation, workable speeds for precoding, etc. have to be considered. However, the design of the parameters needs to be a joint one from the perspective of obtaining the best performance for the total overhead permissible. In this context, UE feedback methods for precoding information and CQI should also be discussed to gauge the compression possible with various methods – an estimate of this will allow determination of the permissible overhead which in turn, among other factors, will dictate the flexibility of the size of various design parameters. A discussion of the smallest allowable codebook size, chunk size and periodic rate has been extremely insightful – however in light of the above discussion a fuller view of the overhead is required to converge to agreeable numbers.
In addition, flexibility may be required to be an inbuilt feature – adaptability of time and frequency resolution for different channel conditions may provide further gains in the feedback overhead – performance trade-off. However, this adaptation may cause the feedback overhead to vary depending on the rate of adaptation. Thus a mechanism is required by which additional degrees of freedom are available to maintain the feedback overhead constant. 
Adaptation of codebooks may also be considered depending on antenna configuration and channel conditions – though this is a tricky problem. 
Below are further comments on the design of parameters and Freescale preferences as a way forward.

Frequency resolution 

Reduction can be achieved by clustering multiple resource blocks so that a single precoding index is sent for each cluster of resource blocks.

Recommended chunk size is (one precoding index feedback for) 2-3 RBs

Increasing the chunk size beyond this causes severe degradation in some cases if not all as shown by several contributions. 

Adaptation of frequency resolution is possible but should be done at very low rates at best.

Temporal resolution and Workable speeds 

 Precoding feedback once every 5 – 10 sub-frames.
Workable speeds – 0-30 km/hr  
The rate of feedback update clearly limits the speed at which closed loop MIMO can be advantageous – hence reducing the feedback rate to meet feedback overhead limits reduces the workable speed of closed loop MIMO. 
Adaptation of temporal resolution is possible but should be done at very low rates at best.

Codebook size
2x2 – 3 to 4 bit codebook – base size
4x2 – 4 to 5bit codebook – base size
Reducing codebook sizes beyond certain limits clearly reduces precoding performance [3], which underscores the importance of efficient codebooks – thus codebooks must be chosen with the clear perspective of optimizing performance for the given codebook size.

Codebook design
Random codebooks with variable sizes for different ranks

Several contributions have presented codebooks based on different designs like random (Grassmanian-like) codebooks, Householder rotations, Multi-rank beamforming, amplitude and angular sampling, etc. with different design/performance criterion like max-rate, max-min SINR or SVD based. It has been observed that the performance of all these schemes is more or less the same. However, different positions have been made on the codeword search complexity of different schemes based on, unfortunately, different design/search criteria.  As a result, a particular codebook may work favourably in terms of search complexity for a particular design criterion – but not for others. 
Freescale preference is that codebook design should be based only on performance criterion and complexity should be considered as an implementation issue. As a result, the proposal of random codebooks with different sizes for rank adaptation can be expected to be a universally acceptable one.
Codebook adaptation
It is clear from theory that adapting codebooks to channel conditions and antenna configurations improves performance. However, codebook adaptation requires determination of optimal codebook from a predefined set which can only be done at the UE which has channel measurements – however this is a non-trivial task. Another complication is that different UEs may have different antenna configurations (example di-pole, ULA etc.) which may result in different UEs choosing different codebooks of possibly different sizes – this may complicate feedback design and feedback signalling. 
UE feedback and scheduling gain resolution
Feedback mechanism – see [4]
Scheduling gain resolution:M= 4 to 5
An efficient feedback mechanism is proposed in [4] which tracks the precoding indicies temporally and provide compression based on two keys ideas: 1) Only those indices which change from one feedback period to the other are selected to be fed back,  2) From this set of changed indices, only ‘M’ indices (and their indexing bits) for those chunks which have highest CQI are fed back – M is the scheduling gain parameter, since this takes advantage of scheduling probabilities. This scheme provides high compression and very low compression loss even for speeds up to 30 km/hr. Another aspect of this scheme is the additional degree of freedom it provides - ‘M’ can be adapted for instance to keep the feed back overhead constant when the time and frequency resolution or codebook size is adapted.
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