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1. Introduction
In Riga for DL unitary based pre-coding has been decided but the feedback scheme is still open. 
LTE is intended for long term evolution, so future enhancement techniques like intra eNodeB cooperation or IF cancellation shouldn’t be limited by a too conservative feedback link design. 
Here we propose a special MIMO tracking mode, which will improve CSI knowledge at the eNodeB step by step. 
The basic idea is to feed back in the first step a precoding index (PCI) into a unitary codebook of small size with very low number of bits. Depending on the operator either the UE will stick to this small codebook size for the whole communication – MIMO mode I - or in a second MIMO mode II the UE feeds back step wise more accurate PCIs into a larger codebook, allowing the eNodeB precoding with higher accuracy. 
This scheme guarantees that in case of a constant feedback rate there is either a robust low complex transmission mode, while for low mobility UEs the eNodeB has the chance to maximize the precoding performance.  

2. MIMO tracking mode II
While simple unitary codebook schemes provides good performance in case of single user MIMO as well as MU-MIMO with high number of UEs in isolated radio cells, in case of more advanced techniques like e.g. intra eNodeB cooperation or inter eNodeB interference mitigation more accurate channel information and a finer adaptation to the radio channel will be required. In R1-062245 some performance considerations and typical system level designs can be found.

For many antenna elements at the eNodeB and a very accurate selection of the best codebook entry, the codebook will have a large size. If the codebook size is reduced to minimize feedback overhead, performance degradation due to sub-optimum precoding has to be accepted or the probability for MU MIMO scheduling will decrease exponentially. With conventional tracking, the feedback overhead can be reduced, but the achievable accuracy will be limited by the codebook size. 

A tracking modus is especially useful in case of slowly moving UEs or time varying radio channels, as not the full codebook index has to be fed back from UE to eNodeB, but only a delta index. The delta index can be transmitted with fewer bits, as only a small part of the whole codebook will be a possible candidate for the next selection. 

In MIMO mode II tracking modus the UE selects a new codebook entry based on the actual selection, but with the goal to increase the accuracy, i.e. in each tracking step a codebook entry with a finer resolution is selected and fed back. 

The MIMO tracking mode has to be defined or changed quite seldom, e.g. every radio frame (10ms) or per communication, while the tracking of the radio channel should be done on a faster scale, e.g. every subframe. 

One possible frame structure is shown in Figure 1.  For unitary precoding with MIMO mode 1 constantly every subframe a PCI into a small unitary codebook is fed back. In case of MIMO mode II after the first feedback message additional tracking information, i.e. PCI bits – here 3 times 4 - into a larger codebook are send by the UE, where each message improves the precoding accuracy at the eNodeB. 


[image: image1]
Figure 1: Possible frame structure for unitary based feedback and MIMO mode II 
4. Conclusions 
It is proposed to use 2 MIMO feedback modes for codebook based DL precoding, which might be e.g. selected from operators per communication or frame wise. 
For the first mode simple low complex unitary precoding based on a small sized codebook with e.g. 4 or 8 beamforming vectors is assumed. This mode may be chosen e.g. in case of low system load or for high speed UEs. 
For more advanced MIMO processing and moderate UE mobility MIMO tracking mode II can be used to improve precoding accuracy at eNodeB by a step wise more accurate selection of the precoding vector. MIMO tracking mode II is important to give enough potential for future performance enhancements, e.g. for advanced techniques like interference cancellation or intra eNodeB cooperation. 
As decided in Riga, unitary based precoding feedback is assumed for MIMO tracking mode II.
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