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1. Introduction
At the previous RAN1#60 meeting in San Francisco, the following basic framework for feedback enhancements in support of enhanced downlink multi-antenna transmission was agreed [1]:

· Implicit feedback (PMI/RI/CQI) is used also for Rel-10

· UE spatial feedback for a subband represents a precoder (as constructed below) 

· CQI computed based on the assumption that eNode B uses a specific precoder (or precoders), as given by the feedback, on each subband within the CQI reference resource

· Note that a subband can correspond to the whole system bandwidth

· A precoder for a subband is composed of two matrices 

· The precoder structure is applied to all Tx antenna array configurations

· Each of the two matrices belong to a separate codebook

· The codebooks are for further study

· The codebooks are known (or synchronized) at both the eNodeB and UE

· Codebooks may or may not change/vary over time and/or different subbands 

· That is, two codebook indices together determine the precoder 

· One of the two matrices (WL hereafter) targets wideband and/or long-term channel properties 

· The other matrix (WS hereafter) targets frequency-selective and/or short-term channel properties

· Note that a matrix codebook in this context should be interpreted as a finite enumerated set of matrices that for each RB is known to both UE and eNodeB.

· Note that Rel-8 precoder feedback can be deemed as a special case of this structure

However, in this way forward, almost all proposed feedback enhancement schemes have not been precluded yet. Therefore, we need to narrow down further the feedback enhancement schemes as well as to study the detailed designs for the codebooks. This contribution provides our current views on PMI/CQI/RI feedback enhancement for LTE-Advanced.
2.  Views on UE Feedback Enhancement for LTE-Advanced
In this section, our general views on open issues regarding UE feedback enhancement for Rel-10 LTE are presented. The issues that we need to discuss at RAN WG1 are listed below.
· Feedback enhancement scheme: relationship between the two codebooks, UE procedure to select PMIs from two codebooks.

· Codebook design: codebook size, matrix dimensions and codebook property of the respective codebooks.
· Feedback channel: physical channel(s) to convey enhanced PMI/CQI/RI information, i.e., PUSCH, PUCCH, or both.
2.1. Feedback Enhancement Scheme
As given in Section 1, the general principles of the two codebooks are determined: WL selected from one of the two codebooks targets wideband and/or long-term channel properties while WS selected from the other codebook targets frequency-selective and/or short-term channel properties. However, the relationship between the two matrices of the respective codebooks and the way to select PMIs from the two codebooks is not clear at this stage. As far as we understand, for one type of feedback scheme such as multi-granular feedback [2], adaptive codebook [3]-[5], and differential feedback [6]-[7], WL and WS jointly form a precoder for a subband. Therefore, the codebooks for WL and WS need to be jointly designed. On the other hand, for another type of feedback scheme such as the multi-rank PMI/CQI scheme [8] and SU/MU feedback scheme [9], WL and WS complementary form a precoder for a subband. In this case, codebooks for WL and WS can be separately designed. 

We consider that the relationship between the two matrices and the general UE procedure to select PMIs from the two codebooks should be determined first before detailed codebook design since the feedback enhancement scheme will have a great impact on the codebook design. This also contributes to reducing the number of feedback options at an early stage. 
2.2. Codebook Design
Although the feedback enhancement scheme greatly affects the codebook design, we also should advance the discussion on the detailed codebook design in parallel considering the limited timeline for Rel-10. One of the issues for the detailed codebook design is the codebook size. In general, the total codebook size and codebook size per rank should be minimized as much as possible to reduce the feedback overhead. The following features can be considered to reduce the codebook size.
· MU-MIMO dimensioning

· Correlation in time, frequency and/or spatial domain 
More specifically, the codebook size for WL can be reduced by taking care of phase and/or amplitude adjustment of the transmitted signals among highly correlated antennas since WL targets the wideband and/or long-term channel properties matrix. Furthermore, considering MU-MIMO dimensioning discussion results, there is the possibility that the supported rank of WL is limited to, e.g., up to 2 [9]. Meanwhile, the codebook size for WS can be reduced by utilizing the matrix dimension reduction technique [10] since matrix WS mainly takes care of phase and/or amplitude adjustment among low correlated antennas. 

2.3. Feedback Channels
One issue that needs to be specified is the physical channel for feedback of selected PMIs, CQI and RI, i.e., PUSCH, PUCCH, or both. In Rel-8 LTE, periodic CSI feedback on the PUCCH and aperiodic CSI feedback on the PUSCH are supported. Since two codebook structures are agreed upon for Rel-10, it is expected that the total feedback overhead will be increased to some extent. Since more feedback information bits can be conveyed by the PUSCH compared to the PUCCH during one TTI, it is natural to support enhanced UE feedback at least based on aperiodic reporting on the PUSCH. On the other hand, there are three alternatives considered for supporting enhanced UE feedback based on periodic reporting.
· Alt 1: Support of enhanced periodic feedback on PUCCH

· Alt 2: Support of enhanced periodic feedback on PUSCH

· Alt 3: No support of enhanced periodic feedback on PUSCH/PUCCH, i.e., re-use the identical UE feedback as Rel-8 for periodic reporting.
We note that we are open to all three alternatives at this stage. Furthermore, the feedback periodicity of WL and WS need to be carefully considered as well.
3. Conclusion
This contribution provided our current views on PMI/CQI/RI feedback enhancement for LTE-Advanced. We do not have specific views on this issue at this stage, but the CSI feedback options should be minimized as much as possible to reduce the burden of specification as well as that of testing. We listed the open issues that need to be discussed and decided regarding UE feedback enhancement, i.e., feedback enhancement scheme, codebook design and feedback channel. And we presented our general views on them. Our current views are summarized as follows.
· Relationship between the two codebooks and UE procedure to select PMIs from two codebooks should be determined first before detailed codebook design.
· The total codebook size and codebook size per rank should be minimized as much as possible to reduce the feedback overhead. 

· The rank-specific codebook size for the respective codebooks may be beneficial for Rel-10 UE feedback.
· Enhanced UE feedback should be supported at least based on aperiodic reporting on the PUSCH. Whether and which channel periodic reporting of enhanced UE feedback should be supported is FFS. 
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