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1. Introduction
Single cell MU-MIMO is an attractive approach to improve the system performance. With MU-MIMO several UEs may be co-scheduled on the same set of RBs. Thus MU-MIMO can provide multi-user diversity gain and/or spatial multiplexing to system, especially in the scenarios with a relatively large number of high geometry UEs. In LTE Rel-8, MU-MIMO is based on a codebook designed for single-user MIMO transmission. The supported number of co-scheduled UEs is limited by the control signaling. The suboptimal codebook based precoding with strictly confined precoding granularity limits the achievable gain of MU-MIMO. In Rel-9, based on the dynamically allocated DM-RS ports indicated by DCI format 2B, a flexible and unified SU/MU-MIMO transmission mode is introduced. As the DL transmission based on multi-ports DM-RS is adopted in LTE-A, same mechanisms in Rel-9 is possible especially for low rank transmissions in Rel-10. 
2. Overview of MU-MIMO in Rel-8 and Rel-9
In LTE Rel-8, MU-MIMO is already supported with codebook based precoding. Since only a single indicator regarding power allocation among co-scheduled UEs is available in DCI format 1D, up to 2 rank1 UEs can be co-scheduled efficiently in transmission mode 5. Unlike close-loop spatial multiplexing transmission mode 4 and 6, only single PMI reporting (mode 3-1 in aperiodic reporting and mode 1-1 and 2-1 in periodic reporting) and TPMI indication are supported by transmission mode 5. The same codebook, which is optimized for single-user precoding, is adopted in multi-user MIMO. The suboptimal codebook selected for MU-MIMO and the constraint on precoding granularity limit the gain of multi-user transmission. 

Dual-layer beamforming based on DM-RS ports, as an enhanced transmission scheme, is introduced in Rel-9. With dual-layer beamforming and the configurable DM-RS scrambling initialization ID, UEs may be co-scheduled in transmission mode 8. In rank1 transmission, the scheduled UE may be dynamically indicated to use one of the DM-RS ports. On the overlapped RB set shared by two rank1 UEs with same DM-RS scrambling initialization ID, the configuration of orthogonal DM-RS ports guarantees an accurate DM-RS channel estimation for each of the co-scheduled UE. Without the channel knowledge of the co-scheduled UE, as long as a good DM-RS channel estimation is available, it’s still possible for receiver to detect the desired layer with reliability similar to that of MMSE. 
3. Signaling requirements for MU-MIMO
In LTE-A, multiple DM-RS ports will be defined to support up to 8 layers DL transmission. Hence, it’s a natural choice of implementing MU-MIMO for LTE-A based on the similar mechanisms designed for Rel-9. 
Being aware of its own DM-RS port and the paired DM-RS port, the channel information for the desired layer and the interfering layer can be estimated by the orthogonal DM-RS ports. Hence, the intra-cell inter-layer interference on PDSCH can be mitigated at the UE side with linear ZF or MMSE receiver. Actually, as long as a good DM-RS channel estimation is available at UE side, the interfering layers may be suppressed via other forms of linear receiver, e.g. optimum combining [1]. As up to 8 layers will be supported in DL, the signaling overhead for DM-RS indications of all the co-scheduled UEs should be considered carefully. 

Rank indication may be sufficient for UE in SU-MIMO transmission to identify its DM-RS port(s). However, as multiple UEs can be co-scheduled in MU-MIMO transmission, each of the co-scheduled UE also needs to know the starting index in addition to the rank indication. If the fully flexible MU-MIMO with a maximum transmit rank of eight is to be supported in LTE-A, up to 3 bits rank indication and 3 bits starting index will have to be included in the DL control signaling for DM-RS ports indication. Considering the signaling overhead and also the marginal gain of higher-order MU-MIMO with total DL rank greater than 4, the dimension of MU-MIMO should be limited[2-4]. It might be reasonable to consider the MU-MIMO scheme with maximum rank of 4. It’s also noted that, in the scenarios with cross-polarized eNB antenna array in lightly loaded system, MU-MIMO scheme allowing multiple layers per UE can provide extra gain for the system. Therefore, the MU-MIMO operation with multiple layers per UE should also be considered in DL control signaling design.
As discussed in [5], 3 bits of DM-RS port indication information may be included in the DL control signaling for SU/MU-MIMO transmission with rank1 to 4 and OCC length=2. If rank5-8 with OCC length=4 are used for SU transmissions only, 4 bits of DM-RS port indication information are sufficient for all the cases of both SU and MU-MIMO:

· Rank 1 transmission on antenna ports 0 to 3
· Rank 2 transmission on antenna ports {0,1} or {2,3}

· Rank 3 transmission on antenna ports {0,1,2}

· Rank 4-8 transmission on antenna port sets {0,1,2,3} to {0,…,8}

In addition, information regarding the overall DM-RS pattern indicating the exact number of DM-RS REs per PRB pair is needed for the UE in DL.
A DM-RS scrambling initialization ID [6-8] is introduced in Rel-9 to support up to 4-layer MU transmission. Depending on the agreed number of supported co-scheduled MU-MIMO UEs, the same mechanism might be extended in LTE-A to support more co-scheduled UEs.
If advanced interference cancellation receiver is to be supported, information about port allocation, number of co-scheduled UEs, MCS and rank of each UE are needed in the downlink control signaling. Moreover, since each of the co-scheduled UE may not be scheduled on exactly the same RB set, the resources allocation information of all the co-scheduled UEs might be required in supporting interference cancellation. The need for enabling interference cancellation receiver and hence the ability of a UE to estimate cross-talk using dedicated RS of nother UEs are for further study.
The power offset indication can be removed, only if the same EPRE is allocated for both DM-RS and data. In [9], the power ratio for each of the DM-RS CDM group is analyzed. If MU-MIMO with maximum of rank=4 is to be supported in LTE-A, the overhead for power offset indication can be reduced. The possible power ratios and DM-RS patterns are shown in Table 1. Therefore 3 bits are needed for joint DM-RS pattern and power offset indication. 
Table 1: Power ratios and DM-RS pattern for MU-MIMO with maximum total rank of 4
	Total # layers
	# Layers for DM-RS CDM group 1
	# Layers for DM-RS CDM group 2
	Number of DM-RS REs in an RB
	Power ratio for DM-RS CDM group 1
	Power ratio for DM-RS CDM group 2

	1
	1
	0
	12
	1
	N/A

	1
	0
	1
	12
	N/A
	1

	2
	2
	0
	12
	1
	N/A

	2
	0
	2
	12
	N/A
	1

	2
	1
	1
	24
	2
	2

	3
	2
	1
	24
	1.5
	3

	3
	1
	2
	24
	3
	1.5

	4
	2
	2
	24
	2
	2


4. Conclusions
In this contribution, we discuss some aspects regarding the design of single cell MU-MIMO in LTE-A. Based on the discussions above, we propose:

· As a natural extension of Rel-9, a unified SU/MU transmission mode with dynamic DM-RS port indication should be introduced in LTE-A. 
· The signaling overhead for DM-RS indications of all the co-scheduled UEs should be considered carefully.
· Depending on the agreed number of supported co-scheduled MU-MIMO UEs, the same mechanism of DM-RS scrambling ID initialization might be extended in LTE-A.

· The need for enabling interference cancellation receiver is for further study.

· The power offset indication can be removed, if the same EPRE is allocated for both DM-RS and data.
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