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1
Introduction
Multi-antenna technique has been adopted as a key to realize high data throughput of LTE systems. In order to further improve the performance of MIMO schemes, a study item has been carried out in several preceding 3GPP RAN1 meetings to discuss potential directions of DL MIMO enhancements, the results of which can be found in 3GPP TR 36.871. In particular, the topics relating to feedback mechanism of DL MU-MIMO operation have received considerable attentions. Thus, the objective of this paper is to describe our opinions relating to this context.
2
Feedback Mechanisms for MU-MIMO Operations
2.1
MU-CQI and BCI
Apart from conventional CSI contents such as PMI that a UE may report for downlink MIMO transmission, it has been suggested that the CSI feedback enhancements for MU-MIMO in Rel-12 could further include:
· MU-CQI: The value of CQI derived by taking the interference from companion UE into account.
· Best Companion PMI (BCI): The index of the precoder for the companion UE that causes least interference to the reporting UE
Generally speaking, the value of MU-CQI is computed under the assumption that both the PMI and BCI recommended by the reporting UE are applied for MU-MIMO precoder construction at the eNB, wherein both signal and interference can be evaluated by the reporting UE based on the estimated channel. With information on MU-CQI and BCI, the eNB is able to know the impacts of intra-cell interference on CQI of the reporting UE caused by the presence of other companion UE co-scheduled in the same PDSCH resource. When the eNB is able to schedule the reporting UE while undertake MU-MIMO pairing in accordance to the reported BCI, appropriate selection of modulation/coding scheme (MCS) could be made for downlink transmission to the reporting UE, and performance loss due to MCS over-estimation can be avoided. Therefore, in our opinions, this feature should be adopted in Rel-12 as a part of MU-MIMO enhancements.
Proposal 1:
The mechanisms of reporting MU-CQI and BCI for MU-MIMO operations should be supported in Rel-12. 
2.2
Scheduling Flexibility and MCS selection for MU-MIMO
Apparently, the feedback mechanism that involves MU-CQI and BCI is particularly beneficial when the PMI and BCI reported by a UE are respectively coincide with the BCI and PMI reported by another UE. The eNB can thereby simply schedule these two UEs for MU-MIMO transmission without applying advanced precoding or CQI prediction algorithms, the complexity of which could be high. However, the occurrence of such coincidence might be extremely rare in certain scenarios such as small cells, where the number of UEs within the coverage of the eNB is limited. This may result in a reduced-flexibility of MU-MIMO scheduling, as well as inaccurate MCS selection and therefore performance degradation. Hence, we aim to provide two possible methods to improve the MU-MIMO scheduling flexibility with presence of MU-CQI and BCI reports.
· Alt. 1: Aperiodic Feedback of Multiple MU-CQIs

It is worth noting that the UE may see different values of MU-CQIs when under different assumptions of companion PMIs (C-PMIs). Except for the one that corresponds to the hypothesis of BCI application, this proposal suggests the possibility of reporting multiple MU-CQIs correspond to a set of different companion PMIs (may or may not include BCI) in an aperiodic manner using PUSCH, while the MU-CQI that corresponds to BCI is reported via periodic feedback using PUCCH. To be specific, the eNB could trigger the feedback of multiple MU-CQIs associate to a set of different companion PMIs other than BCI when it realizes such information is useful for MU-MIMO scheduling. The triggering procedure may follow the framework employed by both CA and CoMP, in which multiple sets of hypothesis are firstly configured by RRC, and then the set selection is carried out by physical-layer signaling such as DCI. 
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Figure 1: Illustration of aperiodic feedback for MU-CQIs correspond to multiple C-PMIs.
· Alt. 2: Correlation-based Dual MU-CQI reporting

For MU-MIMO with rank-1 transmission per UE at least, theoretically the correlation between precoding matrices associating with PMI (denoted as W0) and BCI (denoted as W1) for a UE should be quite low, and the value of MU-CQI is dependent on the correlation of precoders between PMI and the C-PMI. In order for the eNB to obtain MU-CQI of a reporting UE when it is pairing with another UE with a PMI different to the reported BCI, the reporting UE may feedback two MU-CQIs: 
· optimized MU-CQI: ξ1 = q(W0 , W1)
· compromised MU-CQI: ξ2 = q(W0 , W2)
where q(a,b) denotes CQI function of PMI precoder a and BCI precoder b. Also, precoder W2 is defined as:

W2 = arg minW (|W1*W|) 
subject to

W ≠ W1, |W1*W| > r
Note that 0 ≤ r <1 is a correlation level threshold configured by the eNB. In other words, the compromised MU-CQI ξ2 corresponds to the application of a companion PMI other than BCI, which results in a smallest correlation level with BCI precoder larger than the threshold level r specified by the network. This method provides a way to teach eNB a range of MU-CQI when the reporting UE is paired up with another UE whose PMI is sufficiently “similar” to the reported BCI, where the optimized MU-CQI (ξ1) and compromised MU-CQI (ξ2) respectively indicates the upper and lower bound, so the MCS can be assigned in a more confident fashion even if the BCI desired by the reporting UE is not applied.
Proposal 2:

These two methods should be considered for MU-CQI-based MU-MIMO feedback frameworks:

· Aperiodic Feedback of Multiple MU-CQIs
· Correlation-based Dual MU-CQI reporting
3
Conclusions

The proposals of this contribution include:

Proposal 1: The mechanisms of reporting MU-CQI and BCI for MU-MIMO operations should be supported in Rel-12. 
Proposal 2: These two methods should be considered for MU-CQI-based MU-MIMO feedback frameworks:


- Aperiodic Feedback of Multiple MU-CQIs


- Correlation-based Dual MU-CQI reporting[image: image2.png]
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