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1. Introduction 
Downlink MIMO is a key technology for LTE-Advanced. Aside from 8-layer SU-MIMO which is necessary to meet the peak data-rate requirement, MU-MIMO has been identified as an important feature in to improve the average system performance and meet ITU performance target. Unlike Rel-8 where MU-MIMO is a RRC configured transmission mode, it was agreed in RAN#59 that 

· Switching between SU- and MU-MIMO transmission is possible without RRC reconfiguration 

In this contribution we discuss the switching of SU/MU, and the DL MIMO transmission modes configuration in Rel-10.
2. MU-MIMO use cases
The use case of MU-MIMO is studied in [1] and provided below

· High antenna correlation: CSI feedback and DL grant should focus on low-rank scenario (rank 1/2). More than 2-layer per UE transmission has a limited use case in the typical deployment scenario of MU [2].
· Low mobility: RI changes much slower than other identities (PMI/CQI). 

3. Transmission modes in Rel-10

Two alternatives of the MIMO mode configuration have been proposed in [3]. Our proposal follows a similar direction as explained below.

The first alternative is to support SU/MU with full rank adaptation in a single transmission mode.

· Single mode for SU/MU

· with full rank adaptation of 8-layer

· dynamic switching is always on

· CSI feedback and DL grant design take into account both SU/MU aspects

The second alternative is to define two transmission modes in LTE Rel-10

· Mode A: SU/MU with low-rank (e.g. based on TM 8 in Rel-9)

· DMRS-based precoding

· Supports a maximum rank N, N FFS

· Example. N = 2, for rank-1/2 SU, rank-1/2 MU, and possibly CoMP

· Possible enhancement(s) for Rel-10 UEs 

· Additional UE feedback mode(s): enhanced RI/CQI/PMI (implicit) feedback for enhanced MU
· Depending on the final decision of the valid CSI-RS configurations, the use of CSI-RS for CSI measurement can be supported in addition to the Rel-8 CRS. 
· Mode B:  dedicated to 8Tx SU-MIMO with full-rank adaptation
· DMRS-based precoding

· Only for 8 antenna ports, geared towards SU-MIMO. Here, an antenna port is associated with a reference signal for CSI measurements. 2/4Tx SU-MIMO is not supported in this mode as the CRS-based Rel-8 2/4Tx SU-MIMO is to be reused. Note that SU-MIMO-only enhancement is not a part of the Rel-10 work item.
· Up to 8-layer DMRS-based transmission 

· CSI-RS for CSI measurement

· UE feedback: RI/PMI/CQI (implicit) 

· CQI defined in the similar manner as Rel-8/9 (recommended spectral efficiency)

· PMI defined as the recommended transmit precoder(s)
· 3-bit RI report, x-bit PMI(s) 
· Transparent MU is not precluded
Alternative 2 basically provides two separate MIMO transmission modes in LTE-A. Mode B is focused to high-rank SU-MIMO, and Mode-A is focused on dynamic SU/MU switching with low-rank. The advantage of such is a design is to allow separate and more optimized design of CSI-feedback and DL control design for SU and MU respectively. For example, the DL control overhead of Mode A could be optimized toward low-rank SU/MU with lower CSI overhead than Mode B. Similar mechanism has been adopted in Rel-8 where single-layer beaming (TM 6) is standardized to save PDCCH and feedback overhead. 

4. Conclusions
It is proposed to define two separate transmission modes in Rel-10 for DL-MIMO.

Mode A: low rank SU/MU

· DMRS-based precoding

· Restricted rank MIMO of maximum rank N, N FFS
· A possible enhancement includes enhanced CSI feedback for MU-MIMO (for Rel-10 UE) 

· Additional support for CSI-RS is possible depending on the decision for valid CSI-RS configurations (for 2, 4, 8Tx)

· Example: building upon transmission mode 8 in Rel-9
Mode B: dedicated to SU-MIMO

· DMRS-based precoding, CSI-based channel measurement

· Only for 8 antenna ports, geared towards SU-MIMO

· 8-layer DMRS-based transmission 

· CSI-RS for CSI measurement

· UE feedback: RI/PMI/CQI (implicit) 

· CQI defined in the same manner as Rel-8/9 (recommended spectral efficiency)

· PMI defined as the recommended transmit precoder

· 3-bit RI report, x-bit PMI(s) 

If TM 8 in Rel-9 is re-used as Mode A, then only mode B needs to be defined which is anyway needed for 8TX SU-MIMO transmission. The work related to Mode A only includes feedback enhancement(s) and possibly an alternative CSI measurement mechanism.
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