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1. Introduction
For MU-MIMO technology, multiple data streams to different UEs are multiplexed in the same time-frequency transmission resource. It achieves multiuser diversity gain and improves the system throughput. Thus, it has been adopted in LTE and LTE-A to achieve high spectral efficiency and peak rate. However, MU-MIMO technology in Rel.10 is designed for the homogeneous network. In Rel.11, heterogeneous network is a common application scenario. Therefore, MU-MIMO technology needs to be enhanced. This new study topic is agreed in RAN 51[1]. In this contribution, MU-MIMO technologies in Rel.8/9/10 are reviewed. And some considerations are discussed, which aim at enhancing the MU-MIMO performance.
2. Survey of MU-MIMO in Rel.8/9/10
The main features of MU-MIMO in Rel.8 are described as follows:
· New transmission mode is used for MU-MIMO
Transmission mode 5 is designed for MU-MIMO. And, UEs are semi-statically configured MU-MIMO mode by high layer signaling.
· Channel estimation for demodulation is based on common reference signals
· Precoding is based on codebook and PMI is signaled to UEs
DCI format 1D is used for signaling MU-MIMO UEs. The precoding vector and power offset are indicated by DCI signaling.
· Each scheduled UE is restricted in rank 1 transmission
Only wideband PMI is supported. The feedback modes for Rel.8 include periodic reporting mode 1-1, 2-1 and aperiodic reporting mode 3-1. 
MU-MIMO in Rel.8 focuses on designing for high correlation scenario. For high load and high geometry scenario, some new features are imported to enhance MU-MIMO performance in Rel.10.
· Dynamic switch between SU/MU MIMO without RRC signaling
Since typical traffic patterns are dynamic, SU/MU MIMO dynamic switching is essential. The dynamic switch increases scheduling flexibility and thus system throughput. New transmission mode 9 and DCI format 2C are designed to support dynamic switch.
· Supported UE number and layer number per UE

For the design of downlink signaling and DM-RS, there are the following assumptions for MU-MIMO: 1. Not more than 4 UEs are co-scheduled; 2. Not more than 2 layers per UE; 3. Not more than 4-layer transmission in total for MU-MIMO transmission.
· Transparent MU-MIMO

With transparent MU-MIMO, no downlink signalling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB.
· Channel estimation for demodulation is based on DM-RS

With DM-RS, the UE can do demodulation without knowing precoding information. Thus, MU-MIMO schemes with non-codebook precoding could be realized with feedback support, which include ZF, BD, SLNR MU-MIMO schemes. 
To support transparent MU-MIMO, 2 orthogonal DMRS ports and 2 scrambling sequences are supported for MU-MIMO transmission with 4 layers in total. There are 3 bit signaling for indicating the DMRS port and scrambling sequence, which are included in Format 2C.
· Implicit feedback is based on enhanced codebook
For 2, 4 transmit antennas (Tx), feedback is based on Rel.8 codebook for 2, 4 Tx. And, for 8 Tx, feedback is based on the newly designed codebook with dual stage structure. One codebook is for long term/wideband feedback. The other is for short term/frequency selective feedback. It achieves better tradeoff between feedback overhead and system performance.
· UE feedback mode

Aperiodic feedback Mode 1-2 and Mode 2-2 support subband PMI feedback. They are used to support advanced MU-MIMO for a low spatially-correlated antenna configuration at eNode B.
3. Discussion DL MU-MIMO in Rel.11
According to the above discussion on MU-MIMO techniques in Rel.8/10, we gave some considerations on the possible enhancement in Rel.11. The details are listed as follows.
3.1. Feedback enhancement
· Enhanced codebook for feedback
The feedback accuracy is critical for the MU-MIMO performance. Its accuracy is highly related with codebook. Since 4 Tx is a common scenario for eNodeB, it has high priority to optimize the 4Tx codebook for MU-MIMO feedback. In Rel.10, the codebook for 4 Tx reuses the 4 Tx codebook of Rel.8. It achieves good performance for SU-MIMO. However, it has some performance loss for MU-MIMO, especially for cross-polarized antenna scenario [2]. Since the MU-MIMO system performance of cross-polarized antenna scenario can be improved by dual codebook structure, the codebook for 4 Tx with this structure may be discussed further. For heterogeneous network, the codebook optimization is also beneficial for better tradeoff between system performance and feedback overhead because of power imbalance.
· Additional feedback for MU-MIMO
For MU-MIMO in Rel.10, SU/MU dynamic switch is supported. The implicit PMI/CQI feedback for SU-MIMO is also used for MU-MIMO. When UEs feed back PMI/CQI with rank larger than 2, the eNodeB cannot obtain the PMI information for MU-MIMO because the 8Tx codebook has not nested structure. Thus, the low rank PMI/CQI may be added to assist MU-MIMO when UEs feed back PMI/CQI with rank larger than 2 [3-4]. 
In Rel.10, there is no interference information about paired UEs. Some additional feedback information may be used to indicate the interference situation and further enhance the MU-MIMO performance. Among them, the best companion PMI and delta-CQI is one of promising schemes [5-6]. If the PMI orthogonality can be guaranteed between MU-MIMO UEs, only additional MU-CQI feedback may be enough for MU-MIMO.
In TDD system, SRS may be used to obtain downlink channel information by channel reciprocity. The MU-MIMO performance is enhanced with explicit channel state information and CQI feedback. This enhanced scheme may be extended to FDD system with some assistance from implicit feedback.

· Enhanced feedback mode
MU-MIMO is more sensitive to feedback accuracy than SU-MIMO. In Rel.10 subband CQI feedback has been supported in mode 3-1. However, there is not a common view to import mode 3-2 with subband PMI because it causes much larger feedback overhead and does not bring obvious gain yet [7]. 
With subband PMI feedback, both MU-MIMO and SU-MIMO performance could be enhanced. And, the performance gain in heterogeneous network needs to be evaluated further. On the other hand, the feedback overhead may be reduced with reduced PMI feedback granularity in frequency domain and codebook down-sampling [8]. Thus, the introduction of mode 3-2 in Rel.11 is required to be further discussed.
3.2. Downlink control signaling design enhancement
DM-RS is used for demodulation in LTE-A. The equivalent channel can be obtained by channel estimation. Thus, precoding information and power offset bit are not necessary to be included in the downlink control signaling. If the MU-MIMO transmission mode is known by UE, the more advanced receiver may be used to reduce interference from other co-scheduled UEs with more signaling support. The possible signaling support may include: (1) Number of co-scheduled UE; (2) Layer number of co-scheduled UE; (3) Reference signal sequences of other co-scheduled UEs for DM-RS; (4) Allocated resource block for MU-MIMO transmission. In heterogeneous network, the supported co-scheduled UE number may be increased [9]. In this situation, the signaling enhancement may be beneficial to improve the system performance.
4. Conclusions
In this contribution, we summarize the MU-MIMO technology in Rel.10. And, some enhanced aspects on DL MU-MIMO in Rel.11 are discussed from feedback and signaling. 
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