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1. Introduction

In RAN1#60 meeting, it’s the consensus that implicit feedback (PMI/RI/CQI) will be adopted in Rel-10 and a precoder for a subband will be composed of two matrices [1]. 
In RAN1#59bis meeting, a way forward on the feedback enhancement to support single-cell SU-MIMO and MU-MIMO simultaneously has been agreed [2]. 
Therefore, how to enhance feedback performance would be one of the most important issues. Also in order to support dynamic switching between SU-MIMO and MU-MIMO, several open issues need to be addressed, such as how to adaptively change the feedback content and how to dynamically switch feedback mode on demand.
In this contribution, we propose considerations on feedback accuracy, MU-MIMO feedback, and dynamic switching of SU/MU-MIMO.

2. Feedback accuracy


For both SU-MIMO and MU-MIMO, feedback accuracy plays an important role in MIMO transmission performance. In [3], it has been discussed about the impact of feedback accuracy on MU-MIMO throughput, and made relevant simulations about different-bit schemes. At last a conclusion has been made that feedback accuracy obviously affects MIMO performance. Some proposals provide possible schemes to increase feedback accuracy. Such as multi-PMI feedback [11], adaptive codebook[4]-[6], multi-granular precoder[7], and differential feedback[8]-[10], etc.

 Compared with SU-MIMO, limited feedback for MU-MIMO considerably decreases the spatial multiplexing gain because of a ceiling effect due to the quantization error. Accurate feedback is more important than multiuser diversity and high throughput gains can be achieved with the same total uplink overhead in the case of increased feedback accuracy. For example, in our proposed multi-PMI feedback scheme [11], two PMIs which are used together to determine the precoding matrix for DL MU-MIMO will feed back to eNodeB. Make use of the additional PMI equals to improve the feedback accuracy hence enhance the MU-MIMO performance. As shown in simulation, the observation could be made that the more accurate feedback would be required in the case of the higher DL SNR. 
Through the analysis on the importance of feedback accuracy, we suggest that RAN1 could consider candidate solutions to improve PMI feedback accuracy based on some additional information.
3. MU-MIMO feedback for precoding and user pairing
MU-MIMO has been identified as a key technology to improve the performance of LTE-A system. Because of the inter-user interference introduced by MU-MIMO, precoding and user paring scheme will have great importance on the MU-MIMO performance enhancement.
Implicit feedback based on companion subset for user pairing has been suggested [12][13]. However, when utilizing PMI feedback directly for user pairing, the performance of MU-MIMO may not be enhanced as expected. Therefore, it is necessary to provide extra information for user pairing. Further more, as it is difficult to calculate CQI feedback in MU-MIMO system especially for up to 4 co-scheduled UEs, to feedback extra information for user pairing could help the CQI calculation in MU-MIMO. We suggest that it may be efficient to add extra information based on the current PMI feedback to enhance MU-MIMO performance, like PMI + additional information, or multiple PMIs.
Moreover, the scheme of two codebook indices together to determine the precoder was agreed in RAN1#60 meeting in which one is for long-term channel properties and the other is for short-term channel properties. In user pairing, long-term autocorrelation matrix can reflect the channel properties better than short-term feedback, so codebook about long-term channel properties would be more accurate for MU-MIMO.
4. Dynamic switching of SU/MU-MIMO
The advanced MU-MIMO techniques could provide higher throughput and improve interference mitigation [14]-[17]. Dynamic SU/MU-MIMO switching will increase flexibility for resource scheduling and enhance the system performance. In RAN1#59b meeting, it was the agreement that there would be no more than 4-layer transmission in total for MU-MIMO transmission and no more than 2-layer transmission for each UE. The extended MU-MIMO dimensioning would request more flexible resource scheduling scheme. If the feedback could support dynamic SU/MU-MIMO switching, the overhead of controlling information for SU/MU-MIMO switching will decrease. Some contributions are proposed to enhance the MU-MIMO performance and support dynamic SU/MU-MIMO switching，such as multi-PMI feedback [11][18], and Best/Worst Companion PMI[19][20], etc.
If there would be no differences between UE feedback for the SU and MU case, the eNB may have difficulty in determining how to select a suitable mode for data transmission. So the single PMI feedback can not support dynamic SU/MU-MIMO switching. More information which is not contained in the SU-MIMO feedback should be added for MU-MIMO to support the dynamic SU/MU-MIMO switching. For example, in [11], two PMIs would feed back, one of which is dedicated to SU-MIMO and the other is to MU-MIMO. The PMI for MU-MIMO enhances the feedback accuracy for rank 1 MU-MIMO and utilizes the multi user diversity for higher rank. So the feedback information could support the dynamic switching between SU/MU-MIMO transmissions.
Through above discussions, we suggest that some additional feedback should be added to support dynamic SU/MU-MIMO switching to increase scheduling flexibility. There are two feedback types, PMI + additional information and multiple PMIs. However, which one to be adopted will depend on the performance gain and overhead.
5. Conclusion
Some analyses on feedback mechanism have been presented from three aspects, feedback accuracy, MU-MIMO feedback and dynamic switching of SU/MU-MIMO. We prefer RAN1 to consider the following suggestions.
· RAN1 could consider candidate solutions to improve PMI feedback accuracy based on some additional information.
· Some information for user pairing should be fed back to enhance the MU-MIMO performance.

· Codebook about long-term channel properties should be more accurate for MU-MIMO.

· Some information to support dynamic SU/MU-MIMO switching should be fed back to increase scheduling flexibility.
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