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1. Introduction
In Seoul unitary versus non-unitary pre-coding has been discussed. While unitary precoding together with a small codebook size provides a simple but powerful solution for single cells, in case of cellular systems interference has to be taken into account as well. 
LTE is intended for long term evolution, so future enhancement techniques like intra NodeB cooperation or IF cancellation shouldn’t be limited by a too conservative feedback link design. It should be remembered that one of the difficulties for a proper MIMO solution for WCDMA has been the limited feedback performance. So a fast reliable feedback link with sufficient data rate is one of the key elements for advanced MIMO transmission and should be carefully designed. 

In R1-062301 significant gains for suitable combinations of interference cancellation with coordination have been shown. For cancellation of interference from adjacent NodeBs  techniques like interference rejection combining are one of the few feasible options. For this reason LMMSE or SIC processing at the UE for suppression of residual interference due to non optimal precoding, when using unitary codebook vectors instead of optimal non-unitary ones for SDMA, is a waste of resources, as it consumes one of the very valuable spatial degrees of freedom, which would be available for proper non unitary precoding like e.g. zero forcing at the NodeB.  
Here we propose a special MIMO tracking mode - defined and broadcasted e.g. at the beginning of a communication – which will improve CSI knowledge at the NodeB step by step for low mobility UEs. 
The basic idea is to feed back in the first step a 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 more accurate PCIs into a larger codebook, allowing the NodeB to perform non-unitary precoding with higher accuracy. 
This scheme guarantees that in case of a constant feedback rate - in Athen precoding adaptation on subframe basis has been assumed – and for high mobility, the transmission of useless information is avoided, while for low mobility the NodeB has the chance to further optimize the precoding, based on stepwisely enhanced feedback information..  

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 Node B cooperation or inter NodeB interference mitigation more accurate channel information and a finer adaptation to the radio channel will be required. In R1-062xxx some performance considerations and typical system level designs can be found.

Here a special codebook tracking modus is proposed, where UEs with slow time variance of their radio channels can improve their precoding accuracy stepwisely, without increasing the overall feedback overhead. 
The tracking modus is 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 NodeB, 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 case of beamforming – a special type of precoding – a codebook might define a regular set of beams within a given sector. When a UE is moving, only the adjacent beams are possible candidates for the next selection. 

For many antenna elements at the Node B and a very accurate selection of the best beam, 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 scheduling will decrease exponentially. With conventional tracking, the feedback overhead can be reduced, but the achievable accuracy will be limited by the codebook size. 

To allow enhanced performance in the future, a special MIMO tracking modus is proposed. The assumption is that more advanced MIMO algorithms like e.g. intra Node B cooperation are useful anyway only for slow moving UEs, where the radio channel is stable over longer time periods, i.e. multiple subframes or feedback periods. 
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Figure 1: Possible frame structure for unitary based feedback and MIMO mode II 
In 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. Under the assumption of a constant feedback rate for each feedback step the accuracy is improved step by step, which will lead to increased system performance if exploited by appropriate algorithms at the NodeB. 

In the beginning, when the accuracy is not as good a more robust transmission – e.g. more robust MCSs have to be selected. With increasing accuracy higher MCSs will be used.

The MIMO tracking mode is selected based on long term channel estimation at the UE-side by the common DL-RSs. For fast varying radio channels simple unitary precoding will be used, while for stable or easily predictable radio channels tracking modus II is being used, where precoding accuracy is increased from step to step. After some predefined number of steps - when certain accuracy is achieved – the system might automatically switch to a tracking modus, where the precoding matrix follows the residual channel variations. The UE might inform the NodeB about the number of steps based on the knowledge of the channel variance. 

Another approach would be to remain in tracking mode II as long as channel variations are smaller than a certain level of the achieved accuracy. If this level is reached the UE informs the NodeB to switch over to conventional tracking. This would be a fully adaptive solution. 

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. This is possible as the basic channel characteristics like time variance or dimension of the radio channel vary only slowly. 

The same structure of feedback with the same number of feedback bits can be reused for both unitary precoding as well as in tracking mode II. Only the meaning of the bits is changed dependent on the MIMO mode. 

One possible frame structure is shown in Figure 1.  For unitary precoding constantly every subframe a PCI into a small unitary codebook is fed back. In case of MIMO mode II after a unitary based PCI a number of non unitary feedback messages – here 3 - are send, where each message improves the channel knowledge significantly at the NodeB side. With 3 messages a’  4bit a codebook size of 4096 can be addressed while the feedback rate is still very small with only 7kbit/s per active UE. 

The most appropriate assumption is to use a vector quantized codebook design, but further investigations are running to optimize the system performance.

The tracking mode II might be the only way to keep feedback overhead small and fixed while additionally implement more challenging MIMO algorithms like intra NodeB cooperation between sectors, which rely on accurate CSI information. 

Without tracking mode II for a fixed predefined feedback rate, which is quite probably, there would be a waste of resources, as for a unitary precoding for each feedback step the same but not well fitting entry of the codebook is being used for precoding, while in tracking mode II the system performance improves step by step.

As overall system gains for advanced MIMO algorithms are relevant only for larger data transmissions, the somewhat longer time before certain accuracy is achieved can be tolerated in comparison to a solution where a larger codebook size is used just from the beginning of the transmission. 

For unitary precoding the codebook is very small, which leads to the reduced feedback rate. In tracking mode II the codebook size might be very large without requiring a large lookup table, e.g. if there is a general rule how to form the next tracking steps leading to a sub codebook with a finer granularity around the current operating point. 
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Figure 1 demonstrates the difference between the two MIMO modes based on conventional beamforming as a very simple example. 

On the left side the unitary precoding can be seen where out of a limited predefined set of beams the best fitting is selected. When the UE moves from position 1 to position 2 the adjacent left or right beam is selected, i.e. the beams follow the moving UE. 
Tracking modus II is shown on the right side of the figure, where in ‘tracking step’ 1 the best fitting beam out of a coarse set of beams is selected.  In the following ‘tracking steps’ the angle difference between beams is successively decreased so that the beam adapts more and more accurate to the UE position, which will result in system performance enhancements. The gain depends on the chosen MIMO algorithm, i.e. for the here chosen beamforming the gain might be relatively small, while more advanced schemes like intra Node B cooperation would profit more significantly as being demonstrated in R063245. 
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Figure 1: Left: unitary precoding; right: Codebook tracking modus II for a simple beamforming approach
3. Remarks
· The proposed concept combines beneficially user grouping – i.e. selection of UEs with low mutual interference based on the low rate unitary precoding feedback (PCI) – together with interference suppression for the residual interference by non unitary precoding in the following steps. 
· For operator more signal processing as well as some additional feedback can be expected to be in many cases preferable compared to higher HW cost, i.e. more RF-FEs, for the same achieved performance. For this reason IF mitigation can be expected to become relevant in the long term. 
· Improved precoding will help to reduce processing effort at UEs for IF reduction. This is important for more advanced MIMO algorithms which include IF-cancellation.

· The high benefits of IF-cancellation have been shown in R1-062301. If one spatial dimension at the UE is required to mitigate interference due to improper precoding – as a result of the limited feedback – this dimension will be missing for IF cancellation of interference from adjacent NodeBs, e.g. by interference rejection combining. 

· In case of intra NodeB cooperation - which is a special case of MU-MIMO - there have to be scheduled 2 UEs continuously, i.e. a fallback to a single user case is not appropriate. 

· For many situations simple MU-MIMO schemes with very small feedback overhead are sufficient. Therefore it is proposed to start with a simple unitary feedback. Whether there is a need for more advanced system deployments can be decided by the operator by choosing the tracking mode at the beginning of the communication.

· In case of full traffic buffers and low time variance of the radio channel further tracking feedback can be generated improving the accuracy of the CSI at NodeB significantly. 

· In case of tracking mode II the first feedback used for scheduling which includes many UEs, should be small, e.g. 2 bits, while in the following steps the feedback is limited to the active UEs so that the number of bits per feedback step might be increased to e.g. 4 or 6 without significantly affecting the overall overhead for the system.

· By restricting to a small codebook size in low dimensional radio channels information will be wasted, as very often the same information would be fed back for many times. This is true under the assumption of a fixed feedback rate of PCI values, which has been more or less agreed in Athens (see R1-061095). 
· For the feedback generation it is assumed that the UE can calculate it already based on the first RS symbols so no additional feedback delay due to UE processing has to be assumed.  

4. Conclusions 
It is proposed to introduce an additional MIMO codebook ‘tracking modus’, which might be e.g. selected from operators per communication or frame wise. 
For the first feedback step simple unitary precoding based on a small sized codebook with e.g. 4 or 8 beamforming vectors is assumed. 
For more advanced MIMO processing, MIMO tracking mode II can be used to  improve channel knowledge at NodeB from step to step, which can be exploited by improved precoding. 
Another point of view is that the resulting codebook size – defining the precoding accuracy - increases exponentially.  
The tracking mode II is important to give enough potential for future performance enhancements, e.g. for advanced techniques like interference cancellation or intra Node B cooperation. 
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