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1. Introduction
High spectral efficiency and peak rate are required for LTE-A in different application scenarios [1]. The enhancement technologies are needed to meet these requirements. MU-MIMO technology is one of promising technologies [2-4]. It allocates multiple data streams to different UEs in the same time-frequency channle resource. Therefore, it achieves multiuser diversity gain and improves the system throughput. MU-MIMO transmission mode has been adopted in LTE Rel.8. However, it is designed simply assuming the transmit antenna configuration with high correlation. Therefore, new advanced features should be considered for MU-MIMO in LTE-A.
In this contribution, we firstly review the MU-MIMO technology in Rel.8. Then some considerations for DL MU-MIMO enhancements in LTE-A are proposed and discussed in the next section. Conclusions are given in the last section for further consideration.
2. Survey of MU-MIMO in Rel.8 
The main features of MU-MIMO in Rel.8 are described as follows:
· Each scheduled UE is restricted in Rank 1 transmission 
MU-MIMO in Rel.8 is simple to be realized with each UE restricted to be rank 1 transmission. However, for Rel.10, this may cause huge signaling overhead for high order MIMO since large PDCCH overhead is needed to schedule up to eight UEs in the same channel resource. 
· MU-MIMO and SU-MIMO have the same feedback mode for UE
This unified feedback mode simplifies the system design and realization and supports the transparent transmission for MU-MIMO. However, UE does not know the precoding vectors of other UEs when it estimates the channel quality indication (CQI). This may cause CQI mismatch problem and reduce system throughput. 
· Precoding is based on codebook
The precoding vector for MU-MIMO is restricted within the codebook defined in Rel.8.The granularity of codebook has much impact on the interference suppression at the transmitter. Therefore, better precoding method or codebook is beneficial to improve the performance of MU-MIMO.
· Channel estimation is based on common reference signals
In Rel.8, Both the channel quality estimation and the data demodulation are based on common reference signals. UE needs to know the precoding matrix for demodulation. However in LTE-A, this demand is no longer required because UE estimates the equivalent channel with dedicated reference signals.
3. Discussion DL MU-MIMO in LTE-A
According to the above discussion on MU-MIMO techniques in Rel.8, we gave some considerations on the possible advanced features in Rel.10. The details are listed below:
· Multiple layers transmission for each scheduled user
MU-MIMO achieves multiuser diversity gain when the resources are allocated to the users with good channel quality. If each user supports transmission with multiple layers or multiple codewords, the flexibility of scheduling is enhanced. This is also beneficial to achieve higher multiuser diversity gain. Moreover, if more than one layer can be scheduled for one user, they may constitute a new codeword to reduce the signaling overhead.
· Feedback information
MU-MIMO is able to achieve the broadcast channel capacity if the base station knows the channel state information. Accurate feedback information is beneficial to achieve the multiuser diversity gain and improve the system performance. However, it gives huge burden to the uplink feedback channel. Therefore it is a tradeoff between uplink feedback overhead and downlink achievable multiuser diversity gain.
· Feedback mode comparison
Information feedback has been discussed in CoMP which is classified into explicit feedback and implicit feedback [5]. For explicit feedback, the accurate channel information is fed back to e-NodeB, which is beneficial for e-NodeB to choose more accurate precoding matrix for the scheduled UEs to eliminate inter-user interferences. However, the feedback burden is huge and the MCS level is not easy to be determined accurately because of the lack of receiver processing information. For implicit feedback, the PMI/CQI/RI information is fed back to e-NodeB which has relatively small feedback overhead. However as each UE cannot be pre-known of the precoding matrix of the co-scheduled UEs, CQI mismatch problem still exists. 
Explicit feedback may include the direct channel coefficient feedback, channel covariance feedback and channel direction vector feedback. The first kind of feedback has more overhead and contains the channel direction information and corresponding channel quality information. We believe that the better performance is achieved with direct channel coefficient feedback compared with channel direction vector feedback.
· Feedback framework
MU-MIMO may be transparent or non-transparent to UEs. If it is transparent, e-NodeB supports dynamic switching between SU-MIMO mode and MU-MIMO mode, while if it is non-transparent, we believe more information should be fed back to improve the performance of MU-MIMO. If the improved feedback schemes are unified for MU-MIMO and CoMP, it may be simple for system realization.
· Improved feedback schemes
Some improved feedback schemes were proposed to improve the system performance. For example, a BCI scheme was proposed where additional PMI information was fed back for the co-scheduled UEs to reduce the inter-UE interference [6]. How to improve the UE pairing probability and reduce the feedback overhead may be considered as key points for these schemes. 
· Support smart precoding method
Codebook based precoding is used for MU-MIMO in Rel.8, in which the codebook was not specially designed for MU-MIMO. In Rel.10, however, as DM-RS are used for data demodulation without necessarily knowing the precoding matrix for each involved UE, non-codebook precoding schemes, such as zero-forcing beamforming, may be used for MU-MIMO to achieve better performance.
· Dedicated reference signal design
There were many contributions discussed the design of DM-RS. Different DM-RS patterns have different channel estimation performance. Here, we only focus on discussing DM-RS design for MU-MIMO. DM-RS for different layers are needed to be orthogonal to reduce the inter-user interference and improve the quality of channel estimation. This may be achieved by FDM/TDM/CDM.
· Downlink control signaling design
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 interference from other co-scheduled UEs may be eliminated at receiver with more signaling support. The needed signaling may include: (1) Number of co-scheduled UE; (2) Layer number and location of co-scheduled UE; (3) Reference signal sequences of other co-scheduled UEs for DM-RS; (4) Allocated resource block for MU-MIMO transmission. 
4. Conclusions
In this contribution, we have discussed design consideration for DL MU-MIMO in LTE-A. The following design principles are given:
· Multiple layer transmission for each scheduled user
· Improved feedback schemes for enhanced MU-MIMO
· Support  non-codebook precoding method, such as: zero-forcing beamforming
· Orthogonal dedicated reference signals  between co-scheduled users
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