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1. Introduction
In Release 8 LTE the UE feedback and transmission mode are explicitly configured by RRC signalling.
For LTE-A it has been agreed that dynamic switching between MU-MIMO and SU-MIMO transmission is supported. The transmission mode can be selected by the eNB and signalled using a suitable DCI format.  
Given the strong support in RAN1 for advanced MU-MIMO techniques that provide higher throughput and improved interference mitigation [1], [2], [3], MU-MIMO feedback for LTE-A may include new components not present in the SU-MIMO case. However, if there would be no difference between UE feedback for the SU and MU cases, the eNB may have difficulty determining a suitable time at which to select a different mode or switch between the modes.
It is therefore necessary to consider: 
· whether UE feedback should be different depending on selection of SU-MIMO or MU-MIMO, and 

· whether UE feedback for MU-/SU-MIMO is semi-statically or dynamically switched, and if so, how.
· Whether the UE should provide multiple instances of PMI (for example one each for SU-MIMO and MU-MIMO) 

These issues are also discussed in [5].
2. UE feedback for MU-MIMO and SU-MIMO 
First we consider possible differences between feedback for MU-MIMO and SU-MIMO:
· Restricted transmission rank for MU-MIMO: the maximum number of layers per UE which may be used in MU-MIMO will be lower than the maximum for the SU-MIMO case. Therefore feedback in MU-MIMO mode would typically be computed subject to a different rank restriction than for SU-MIMO. 
· Different codebooks for MU-MIMO and SU-MIMO; Different codebook subset restriction might be semi-statically configured for MU-MIMO and SU-MIMO.  
· Explicit feedback may be preferable for MU-MIMO, implicit feedback for SU-MIMO: explicit feedback is likely to support more accurate zero-forcing beamforming in MU-MIMO.
· Different assumptions about interference: in MU-MIMO mode, even if the feedback is implicit, a UE could report not only its own PMI, but also PMIs that would cause it minimum interference [4].
· Different assumptions about PDSCH power: the full eNB transmission power would not be available in MU-MIMO mode.
· Multiple types of feedback may be transmitted, for example PMI computed under assumptions of both SU-MIMO and MU-MIMO transmission.  However, the details of the reporting (e.g. periodicity, fraction of the reports corresponding to each transmission mode) may be different between the two modes. 

Some configuration options for UE feedback are as follows:
· Semi-static: the main advantage is that the UE and eNB have an error-free common understanding of the actual feedback mode. The main disadvantages are the time needed to switch modes and the signalling overhead if frequent changes are needed. The feedback could be configured in the following ways:
· Selecting a single feedback mode

· As mentioned above, this has the disadvantage that the eNB has incomplete information on switching to another mode;
· Configuring multiple types of feedback for example by periodic switching of one or more parameters of the  feedback mode, such as codebook, rank restriction, codebook subset restriction or interference assumption 

· Dynamic: This has the advantage of faster switching between MU- and SU-MIMO. Some examples how this could be achieved based on PDCCH transmission include: 

· following the MU/SU-MIMO transmission mode signalled in the DCI format (if two different modes are indeed agreed);
· following the indicated transmission rank in the DCI format (e.g. rank less than or equal to N indicates a switch to MU-MIMO for subsequent feedback transmissions);

· following the position of the PDCCH in the search space;

One disadvantage the dynamic approach is that some PDCCH transmissions may be lost, leading to a possible mismatch between modes assumed at the UE and eNB. Possible means of mitigating such effects are:  
· A default mode (e.g. SU-MIMO) with a switch to the default after a time-out

· Use of multiple feedback types, in which case an error in the mode at the UE would give appropriate feedback, but with an incorrect periodicity. This could be handled in the following ways:
· The feedback format is the same for both modes and only the assumptions used to compute the feedback are different (e.g. rank restriction, potential presence of intra-cell interference) 
· The type of feedback is explicitly included in the feedback information  

3. Conclusions
On the basis of the above discussion we conclude that:-
· MU-MIMO and SU-MIMO transmission modes (if they are different) can be indicated per PDCCH transmission by information in the DCI format

· MU-MIMO and SU-MIMO feedback modes (if they are different) could be configured semi-statically or dynamically. In practice allowing some feedback parameters to be independently configured semi-statically per mode and switching between modes dynamically may offer the best flexibility.
· Some error cases may be mitigated if the type of feedback is indicated explicitly or if the feedback format is the same for both SU-MIMO and MU-MIMO, and only the assumptions used to compute the feedback are different. 
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