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1 Introduction
Multi-User MIMO (MU-MIMO) has been identified as a key technology that can significantly improve the system performance of the LTE Advanced (LTE-A) system. Accordingly, benefits of Multi-user MIMO (MU-MIMO) have been observed in recent evaluation for ITU requirements by multiple companies. MU-MIMO enables multiple UEs share a common set of resource blocks in a subframe to better exploit spatial multiplexing. While downlink MU-MIMO has been adopted as a part of the LTE Release 8, there is much room for enhancement on LTE-A since the DL MU-MIMO scheme available in LTE Release 8 has been designed simply assuming transmit antenna configurations with very high correlation.

Following issues were identified for further progress of MU-MIMO discussions during RAN1 #58bis:

(i) Dynamic vs. non-dynamic SU-MU MIMO switching

(ii) Transparent vs. non-transparent MU-MIMO

(iii) Feedback (CSI) enhancement for MU-MIMO

(iv) Number of layers per MU-MIMO UE

(v) Number of supported co-scheduled MU-MIMO UEs

Of the above issues, this document focuses on the issue of transparency for MU-MIMO in LTE-A. This document is a companion document to [1] and [2] which also focuses on MU-MIMO issues.

2 Transparency in Release 9 MU-MIMO
Recently, the downlink MU-MIMO transmission based on DMRS has been finalized for Release 9 in the form of transmission mode 8. For the UEs receiving transmission in this transmission mode, downlink resources are allocated and notified in a transparent manner. In other words, the DCI format for transmission mode 8 has been designed such the scheduled UE is only notified of information that pertains to its own transmission. Therefore, from a UE’s perspective, it has no idea whether the transmission it is receiving is a part of a MU-MIMO transmission or simply a SU-MIMO transmission.
3 Transparency in Release 10 MU-MIMO
The transparency in Release 9 MU-MIMO was made possible by having a preset DMRS pattern that can support up to rank 2 transmissions based on CDM. The main difference in the case of Release 10 is that, depending on the eNB’s composite transmission rank, the DMRS patterns can change. More specifically, multiple DMRS patterns supporting eNB transmission ranks up to 2, 4, and 8 can be defined for Release 10. 

Due the uncertainty in which of the multiple DMRS patterns is used, it is difficult to maintain the same level of transparency as in Release 9. In addition to the information pertaining to its own DMRS port, a UE needs to know which of the DMRS patterns are used. The eNB’s DMRS pattern indication can be done in one of two ways:
· Using dynamic signalling on the PDCCH

· Using higher layer signalling

Using dynamic signalling on the PDCCH has benefits in terms of faster adaptation to system and channel conditions but the drawback is that additional overhead is necessary on the PDCCH. On the other hand, using higher layer signalling does not impose additional overhead on the PDCCH but is less flexible.

4 Summary
For LTE-A, it is difficult to maintain the same level of MU-MIMO transparency as in Release 9. In short, a UE must be informed of which DMRS pattern is being used. The eNB can inform the UE of the DMRS pattern used either by dynamic signalling or by higher layer signalling.
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