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1 Introduction

MU-MIMO has recently attracted significant attention. In the RAN#51, a new SI about DL MIMO enhancement has been approved. In this contribution, there are several aspects need to be studied. Investigation of the contribution is as follows: 

· With the first priority:

· Evaluate issues from real-life network deployments of MIMO. 
· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4tx, and including geographically-separated antennas, i.e. macro-node with low-power RRHs), including:

· Evaluate UE CSI feedback enhancements, including:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.

· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.

· Assess the standardization impacts of the studied techniques, including impacts on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included. 

· Evaluate enhancements for downlink control signalling:
· to support MU-MIMO;
· based on UE-specific reference signals.
· With second priority:
· Evaluate open-loop MIMO, including open loop MU-MIMO operation
· Within the constraint of not introducing new antenna ports, evaluate possible enhancements for demodulation RS for MIMO, including considering improved orthogonality for MU-MIMO and possibilities for DMRS overhead reduction.

In this contribution, we mainly discuss on MU-MIMO, especially about the DL control information and orthogonal DM-RS.

2 Discussion of proposed enhacements

2.1 DL Control Information

More users need to be supported in LTE-A, especially for MU-MIMO. That means more control resources are needed. So we propose to design a new compact DCI that should be used to support more UEs in DL MIMO.
Although Rel-8 specifications do not explicitly forbid scheduling more than two users in a resource block, in practice only up to two UEs can be well supported due to the single power offset bit. Furthermore, each UE is restricted to receive a single layer. We already support 8Tx transmission in Rel-10, it means to support more paired users to improve the system throughput. Therefore we propose to expand the power offset field to 2bit or 3bit. It means that only support 1、2、4、8 users paired when adopt 2bit, but it can reduce overhead. On the other hand, it can support any number of users paired between 1 and 8.

So we propose：
· A new compact DCI should be used to support more UEs in DL MIMO. 

· Expand the power offset field to 2bit or 3bit.

2.2 Orthogonal DM-RS
The orthogonal DM-RS is defined such that the DM-RS corresponding to the multiple co-scheduled UEs are multiplexed via CDM/FDM/TDM so that multiple DM-RSs do not cause interference across UEs. On the contrary, the non-orthogonal DM-RS is defined such that the DM-RS associated with different layers of the co-scheduled UEs can be transmitted in the same time/frequency/code resources and thus cause cross-interference to each other.
In fact, the non-orthogonal DM-RS are separated in the spatial domain via transmit precoding. The codebook must be completely orthogonal. However, it is hard to achieve this in real situation. However, with orthogonal DMRS, more accurately channel estimation can be done. So we prefer to the orthogonal DM-RS.
So we suggest that the paired UEs of MU-MIMO are assigned to different ports to reduce the interference between paired UEs. The new DCI should include a new parameter that identify the start port of UE, denote as TxPort-offset.In theory, it need 3bit control information for 8Tx transmission .In the following table, it is the definition of TxPort-offset.
Table 1 The definition of TxPort-offset

	Tx-offset（3bit）
	The start port of UE

	000
	7

	001
	8

	010
	9

	011
	10

	100
	11

	101
	12

	110
	13

	111
	14


We propose：
· Orthogonal DM-RS should be used to remove inter-UE interference as much as possible. 

3 Conclusions

We propose:

· A new compact DCI should be used to support more UEs in DL MIMO;

· Expand the power offset field to 2bit or 3bit；

· Orthogonal DM-RS should be used to remove inter-UE interference as much as possible.
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