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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 multliplexing. 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 Rel.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 dynamic vs non-dynamic SU-MU MIMO switching. In addition, in relation to the dynamic and non-dynamic switching, some discussion on the number of layers per UE for SU and MU-MIMO is presented. This document is a companion document to [1] and [2] which also focuses on MU-MIMO issues.
2 Dynamic vs Semi-Static SU-MU MIMO Switching
The switching between SU and MU MIMO can be done either dynamically or semi-statically. However, compared to semi-static switching, dynamic switching has the following benefits:

· eNB can be more flexible in adapting to different system conditions such as type of traffic, number of UEs, etc
· eNB can better adapt to the time-variation of the wireless channel conditions 

With dynamic switching, the eNB can adaptively optimize its transmission on a subframe by subframe basis to maximize system performance. For this reason, Samsung proposes the adoption of a dynamic SU-MU MIMO switching for LTE-A.

The support of dynamic SU-MU MIMO switching can be done in one of two ways. 

Alternative 1: Single Transmission Mode

In the first alternative, a single transmission mode is newly defined for LTE-A downlink. The single transmission mode supports dynamic switching between SU and MU-MIMO with the following characteristics:
· For SU-MIMO, a UE can be allocated up to RSU-MIMO layers where RSU-MIMO is 8 or dependent on UE capability.

· For MU-MIMO, a UE can be allocated up to RMU-MIMO layers where RMU-MIMO is for further study.

The DCI format and channel feedback mechanism should be designed to efficiently support diverse downlink transmission scenarios. For example, the DCI format should be able to simultaneously support SU-MIMO of up to rank RSU-MIMO and MU-MIMO of up to rank RMU-MIMO.
Alternative 2: Dual Transmission Modes

In the second alternative, two transmission modes are newly defined for LTE-A downlink. The first transmission mode is dedicated for SU-MIMO up to R1 layers where R1 is 8 or dependent on UE capability. The SU-MIMO in this transmission mode differs from the SU-MIMO in Release 8 in the following aspects:
· UE can be allocated up to 8 layers compared to 4 layers for Release 8.
· UE uses DMRS for channel estimation compared to CRS for Release 8.

· Non-codebook based precoding is used along with DMRS and therefore, indication of PMI is not necessary on PDCCH.

The second transmission mode is used for dynamic switching between SU and MU-MIMO with the following characteristic:
· UE can be allocated up to R2 (ex. 2) layers regardless of SU or MU-MIMO transmission.
In essence, with dual transmission modes, the LTE-A downlink transmission is divided into two parts. One which is more adequate for high rank SU-MIMO transmission and another that supports dynamic switching of SU and MU-MIMO transmission but with smaller number of layers per UE.

The benefit of such an approach is that the optimization for DCI format and becomes relatively simpler compared to Alternative 1 where both DCI format and channel feedback mechanism has to be designed to cover a wide range of downlink transmission scenarios. However, the drawback is that multiple transmission modes need to be newly defined along with supporting DCI formats and channel feedback mechanisms.
The introduction of the two different alternatives described in this section is intended to trigger the discussion on the high level design of LTE-A downlink with MU-MIMO. Currently, Samsung has a slight preference of alternative 1 over alternative 2 and is evaluating both approaches to determine their pros and cons. 
3 Summary
LTE-A downlink should be designed to support dynamic switching between SU and MU-MIMO. The support of dynamic switching between SU and MU-MIMO can be done with one of two alternatives: 
· Alternative 1: With single transmission mode that supports dynamic switching between SU and MU-MIMO.
· Alternative 2: With dual transmission modes where one transmission mode is dedicated for high rank capable SU-MIMO transmission and the other transmission mode is dedicated for dynamic switching between SU and MU-MIMO with smaller number of layers per UE.
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