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1. Introduction
In RAN #57 meeting, study on “Further downlink MIMO enhancement for LTE-Advanced” [1] was approved as a Rel.12 WI, where CSI feedback enhancement candidates are listed. In RAN1 #72 meeting, proposals for CSI feedback enhancement were shown by a lot of companies [2]-[9] and the following working assumptions were agreed:
Working Assumptions:
· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI 

· 2 Tx: 0 bit

· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI

· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively 

· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2

· 4Tx: FFS with the consideration of codebook enhancement in Rel.12

· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively

· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The following are for further study and evaluation:

· Subband size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to  a short-term and narrowband channel
· Additional information in the CSI reports for this new feedback mode

· For example CSI feedback enhancements targeted at improving MU performance 
(Note that the current Rel-10 4tx codebook has W=W1W2 structure)
In this contribution, we discuss additional information elements which can be supported in the new aperiodic PUSCH feedback mode, especially additional CSI targeting for improving MU-MIMO performance.

2. Discussion
In the current CSI reporting function, CQI/PMI is reported based on the assumption of SU-MIMO transmission, but it is not optimized for MU-MIMO or EPDCCH transmission. Therefore, it is expected that reporting additional CQI/PMI based on an assumption of MU-MIMO or EPDCCH transmission may improve performance of the transmission.
In RAN1#72 meeting, several companies pointed out that reporting additional CQI/PMI based on an assumption of MU-MIMO or EPDCCH transmission can be achieved without additional specification effort [3]-[9]. That is to say, with the introduction of TM-10 in Rel-11, two CSI processes can be configured, where the first CSI process targets the recommended rank for SU-MIMO transmission, and the second process targets lower rank transmission through codebook subset restriction. However, such parallel operations result in large signalling overhead which is considered as a drawback. Therefore, we propose to investigate signalling overhead reduction for the additional CQI/PMI reporting based on the assumptions of MU-MIMO or EPDCCH transmission.
Proposal: Signalling overhead reduction for additional CQI/PMI reporting based on the assumptions of MU-MIMO or EPDCCH transmission should be investigated.
3. Indication of precoding matrix for MU-MIMO or EPDCCH with small signalling overhead
In this section, we discuss signalling overhead reduction for additional PMI reporting. 
As one of the candidate methods, reporting an indicator for a preferred transmission layer of the signaled PMI for SU-MIMO, instead of a separate PMI for MU-MIMO or EPDCCH can be considered. The precoding matrix for SU-MIMO consists of several column vectors which each corresponds to transmission layers as shown in Figure 1. Thus, the UE additionally reports an indicator for the layer with the highest received quality (layer #j in Figure 1) and the eNB can generate the precoding vector for rank-1 transmission using the j-th column vector of the precoding matrix for SU-MIMO. In addition, if the UE also reports an indicator for the other layer (layer #k in Figure 1) and eNB can generate the precoding matrix for rank-2 transmission using the j-th and the k-th column vectors. The layer #k can be determined so that it gives the highest rank-2 quality when combined with the layer #j with the highest rank 1 quality. If the layer #k is determined so that it gives the second highest rank-1 quality itself, the indication of the layer can be utilized also for rank-1 MU-MIMO when the precoding vector corresponding to the layer #j conflicts with another UE. Furthermore, the preferred transmission layer(s) can be restricted to be chosen from the codeword with the higher CQI. As a consequence, the signalling overhead of indicator for the preferred transmission layer(s) is lower than one of PMI. 
In the above candidate method, performance of the generated precoding matrix for rank-1 or rank-2 using layer indication is traded for reduced signaling overhead. Therefore, comparison with the other alternatives from performance and signalling overhead aspects is needed.
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Figure 1: Precoding matrix for MU-MIMO or EPDCCH as subset of precoding matrix for SU-MIMO.
4. Conclusion
In this contribution, additional information elements which can be supported in the new aperiodic PUSCH feedback mode are discussed. It seems that reporting additional CQI/PMI based on the assumptions of MU-MIMO or EPDCCH transmission is beneficial from the performance aspect, while the additional reporting has a drawback from signalling overhead aspect. Therefore, we propose as follows:
Proposal: Signalling overhead reduction for the additional CQI/PMI reporting based on the assumptions of MU-MIMO or EPDCCH transmission should be investigated.
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