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1
Introduction
This paper summarizes our views on potential feedback enhancements targeted by the further enhanced MIMO work item [1].  The work item description (WID) specifically mentions four candidate schemes which include (1) codebook enhancements for 4Tx; (2) enhanced CQI/PMI derivation targeting MU-MIMO; (3) finer frequency domain granularity; (4) new CSI feedback mode providing subband CQI and subband PMI (“PUSCH 3-2”).

Among these techniques, we propose to focus on the second enhancement, which targets improved MU-MIMO operation.  This preference is motivated by evaluation results [7] that show noticeable gain with this enhancement.  
2
Proposed MU-CQI feedback scheme

CSI feedback in LTE is computed under the assumption of SU-MIMO operation.  Although support for improved MU-MIMO operation was added in Rel-10, e.g., in terms of dynamic switching between SU- and MU-MIMO operation, the network is required to extrapolate CQI values reported by the UE to account for inter-user interference.  Inevitably, this leads to larger CQI inaccuracy than for SU-MIMO which negatively affects link adaptation performance and diminishes the achievable MU-MIMO gain. 
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	Figure 1: Illustration of the proposed MU-CQI feedback scheme


Providing feedback of CQI under an MU-MIMO assumption (“MU-CQI”) was considered in Rel-10 and has the potential for noticeable performance gain [4].  A fundamental issue in specifying MU-CQI is to determine what precoding assumption should be made for the co-scheduled layer.  This paper proposes to feed back more than a single MU-CQI such as to provide MU-CQI values under various co-scheduling assumptions.  At the network, this obviates the need to extrapolate CQI at least partially and thus improves link adaptation.  The additional overhead associated with providing multiple MU-CQI feedback values can be alleviated by encoding the MU-CQI as a wideband offset relative to the subband SU-CQI provided as part of regular aperiodic feedback reporting (e.g., PUSCH 3-1).  

The proposal presented in this paper is summarized in Fig. 1.  A UE configured with MU-CQI reporting provides CSI feedback under a regular SU-MIMO assumption (as today) and additionally provides a set of K MU-CQI values which are encoded as wideband offset values relative to the rank-1 SU-CQI.  Each of the K MU-CQI values assumes that the desired layer consists of the rank-1 PMI (as the desired layer) and one interfering rank-1 PMI (as the co-scheduled layer).  The precoder assumption associated with each hypotheses is known to both network and UE (e.g., by specification or through signaling).  Note that the set of hypotheses may depend on the index of the selected desired rank-1 PMI.  From an overhead perspective, the MU-CQI’s encoding as a wideband offset allows the configuration of larger values of K. 

Figure 1(b) also captures the case in which the UE provides rank-2 SU-MIMO feedback.  In this case, it is assumed that an additional rank-1 PMI is conveyed to the network, together with a wideband rank-1 CQI that serves as a reference for the offset MU-CQI values.  As these additional parameters are conveyed wideband, the additional overhead associated with them remains acceptable.  Further optimizations could be considered, for example along the lines of unified feedback.  

The above discussion assumed aperiodic feedback reporting based on PUSCH 3-1.  While we consider this the target use case, MU-CQI reporting as discussed above could also be considered for periodic feedback.  For example, cycling across MU-CQI assumptions could be performed to provide feedback under multiple hypotheses.  The concept of a precoding type indicator (PTI) could be reused to incorporate such feedback into existing reporting modes and to enable the UE to switch MU-CQI reporting on and off.  

Proposal 1: 

· Focus on MU-CQI feedback under several precoder hypotheses to improve MU-MIMO operation

· Wideband offset encoding should be employed to reduce the overhead associated with MU-CQI feedback 

3
Comparison with other potential enhancements

Compared with other potential feedback enhancements we see benefits in focusing on MU-CQI related enhancements.  In particular, codebook enhancements for 4Tx have the drawback of the significant standardization complexity associated with codebook design.  Further, the related Rel-12 study items on 3D- and FD-MIMO may also require support of additional CSI feedback.  This should be taken into account in deciding whether the addition of an additional codebook is needed.  In contrast, the proposed MU-CQI enhancements may be forward compatible with some of the 3D/FD  MIMO enhancements. 

The remaining two enhancements, which target finer subband granularity and subband PMI feedback, may be considered in conjunction with MU-CQI feedback to provide additional gain.  However, both proposals are associated with additional overhead increase that needs to be taken into account in this tradeoff. 

Proposal 2: 

· Codebook enhancements are considered a lower priority due to their standardization complexity but could be considered as part of related Rel-12 MIMO studies on 3D/FD MIMO.

· Finer frequency granularity and/or PUSCH 3-2 could be considered on top of MU-CQI if their associated performance gain justifies the additional overhead. 
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