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1. Introduction
During the SI on downlink MIMO enhancements, extensive simulation results showed that performance gain from MU-MIMO with Rel-10 4-tx CSI feedback is far from that which should theoretically be achieved with ideal CSI feedback. Increasing the codebook size and optimizing the codebook design are two primary approaches to improve the feedback accuracy and thus reduce the gap from theory to practice [1]. Considering there are several other system impairments that affect the CSI feedback accuracy and often they interact with each other, other CSI feedback enhancements should be also considered when enhancing codebook size and optimizing codebook design.
This paper summarises the other CSI feedback enhancements that are valuable for Rel-11 downlink MIMO.
2. Other CSI feedback enhancements

2.1. PMI Restriction

In Rel. 10, SU-MIMO supports up to rank 8 with rank adaptation, while MU-MIMO mode only supports up to rank 2. Although Rel-10 with TM9 is designed to support SU-MU MIMO switching, in Rel-10 if a precoder with high rank index (e.g. RI>2) is selected for SU-MIMO, the first two columns of the recommended precoder do not necessarily relate to the optimal lower-rank precoder for MU-MIMO. It is well known that if a codebook has the nested property, the lower-rank precoder would be a subset of the higher-rank precoder. In this way, the eNB can derive a lower-rank precoder for MU-MIMO precoding from the higher-rank precoder for SU-MIMO precoding. Unfortunately, the 8Tx codebook in Rel-10 does not capture this nested property very well. Thus, it is difficult to take in a straightforward way to support efficient dynamic switching between SU- and MU-MIMO.

If two PMIs can be reported simultaneously, one targeting SU-MIMO with full rank adaptation and the other targeting MU-MIMO with restricted rank (up to rank 2) [3], then the eNB can perform flexible SU/MU switching. In fact, this can be done efficiently by conditioning the PMI for MU-MIMO when the preferred rank is 1 or 2, and conditioning the PMI for SU-MIMO when the preferred rank is greater than 2; this is because the 8Tx codebook has a good nested property up to rank 2, and therefore the reported PMI for rank 1 or 2 can be used for both SU and MU-MIMO. In this way, of the total amount of PMI feedback does not need to be increased.
Other similar schemes addressing this issue include “soft rank restriction” [17].
A similar concept can be also extended to the 4Tx case.
Further, it should be considered how dynamically the rank restriction needs to be updated for good performance improvement, and suitable signaling should be specified. 
Proposal I:
· MU-MIMO PMI, such as restricted rank PMI and/or best companion PMI, should be included in the Rel-11 feedback enhancements.
· Suitable signaling should be specified to update the rank restriction. 
2.2. MU-CQI
To better estimate the supportable MCS level or reduce co-channel interference, MU-MIMO based CQI calculation [4]-[7] has been proposed. 
Up to Release 10, the UE’s CQI calculation is based on SU-MIMO hypothesis. The CQI feedback without considering the intra-user interference is inefficient for MU-MIMO [8]. By reporting two kinds of CQI simultaneously, dynamic SU-MU switching can be optimised and hence benefits can be achieved for both SU-MIMO and MU-MIMO.
While the CQI computation at the UE is straightforward for the SU-MIMO hypothesis, the UE needs to make an assumption about the potential intra-cell interference for the MU-MIMO hypothesis.  [9] proposed one approach to predict MU-CQI which is based on PMI companion. In this approach, the UE first assumes that its precoder is the reported PMI, and the co-scheduled user’s precoder is given by a companion PMI. The best companion PMI can provide null space information which can support better selection of UEs. The signaling of a best companion PMI also has the advantage that the MU-CQI can be defined as implicit feedback in the same way as all other MIMO feedback in LTE. This eases the definition of the testing [3]. 
The MU-MIMO CQI can be expressed as a delta relative to the SU-CQI, and the MU-MIMO CQI can be  calculated simply under the assumption of a paired user being scheduled with this best companion PMI. 

Proposal II:
· MU-CQI associated with Best Companion PMI should be included in the Rel-11 feedback enhancements.

2.3. Granularity enhancement
Several companies have proposed CSI feedback granularity enhancement during the Rel-11 DL MIMO enhancement study. Whereas the Rel-10 feedback design is focused on traditional uniform deployment scenarios,  time alignment errors in real-life scenarios increase frequency selectivity and hence reduce the performance.  Finer PMI feedback granularity can help to mitigate this performance loss.

It is well known that significant MU-MIMO performance gains can be achieved by improving the effective CSI feedback granularity. The reason why MU-MIMO benefits more lies in the fact that MU-MIMO performances relies on identifying adequate UE pairs and performing some form of transmit interference nulling to suppress interference of the co-scheduled UEs [10]-[16].  
This can be implemented via PUSCH mode 3-2. 
Proposal III: 
· Finer PMI granularity in the frequency domain should be included in the Rel-11 feedback enhancements. 
3. Conclusions
Based on the proposals made by various companies in the course of the DL MIMO enhancement study item, we propose that the following enhancements should be implemented in Rel-11:

· MU-MIMO PMI, such as restricted rank PMI and/or best companion PMI, with suitable signalling should be to update the rank restriction;
· MU-CQI associated with Best Companion PMI;
· Finer PMI granularity in the frequency domain. 
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