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1. Introduction
In the last RAN plenary meeting (RAN#51), a new study item was agreed upon for “Downlink MIMO Enhancement for LTE-Advanced” [1]. The main objective of this study is to identify the need for enhancements based on Rel’10 DL MIMO features and then evaluate such enhancements. In this contribution, we describe our general view on transmission schemes for downlink MIMO enhancements. 

2. Discussion
DL MIMO in Rel-10 has been designed to support 8-tx antenna with SU-MU MIMO operation. DM-RS up to 8 ports for PDSCH demodulations (i.e., channel estimation for PDSCH equalization), and CSI-RS up to 8 ports for CSI measurements were introduced to enhance the DL MIMO in Rel-10. The newly defined transmission mode 9 (TM9) in Rel-10 supports the following transmission schemes [2]:  

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 9
	DCI format 1A
	Common and
UE specific by C-RNTI 
	Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2C
	UE specific by C-RNTI
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B)


TM9 could be considered as first evolution to DM-RS/CSI-RS based transmission from CRS based transmission in Rel-8 and Rel-9. However, TM9 fallback operation on non-MBSFN sub-frames still relies on CRS due to single-antenna port (port 0) or transmit diversity scheme specified. It is highly beneficial from network and UE operational point of view to have only DM-RS/CSI-RS based PDSCH transmission schemes in the future. The benefits of this include:

· Network power saving opportunities:

· Highly dense CRS may not be needed to support off peak traffic in a cell.   

· 1 CRS port (port 0) could be configured with PDSCH transmission in MIMO mode with multiple DM-RS/CSI-RS ports.  

· Better coordination for inter-cell interference in HetNet deployment scenarios
· Use of only 1 CRS port could reduce CRS collision, and less interference to PDSCH REs. 
· Better bandwidth utilizations

· Using less number of CRS ports will result in more REs available for PDSCH.   
· In carrier aggregation scenario, the secondary cell could be configured as non-backward compatibility component carrier with less number of CRS ports. 

· Reduced UE implementation complexities

· Rel-10 UEs need to implement channel estimation for both CRS and DM-RS for demodulation of PDSCH depending on the transmission modes. If PDSCH demodulation is supported only by DM-RS, then this will reduce UE implementation complexity to certain extent.  

Eventually, 1 CRS port (port 0) could be enough for:

· Radio resources management (RRM) measurements.
· PMCH multi-cast transmission

However, use of 2Tx and 4Tx transmit diversity schemes for PBCH, PCFICH/PDCCH and PHICH in some deployment scenarios would need to be considered carefully.      
To provide smooth migration path for operators to deploy network from CRS based transmission scheme in Rel-8 and Rel-9 (TM1-8) to fully DM-RS/CSI-RS based transmission schemes in future release, we propose that new transmission modes if identified necessary are defined based on DM-RS/CSI-RS only. 

Proposal 1: New transmission modes if identified necessary are defined based on DM-RS/CSI-RS only. Also, existing transmission modes based on CRS (TM1-8) shall not be enhanced.      
LTE-A Rel-10 introduced PDSCH unicast transmission in MBSFN sub-frames, whereas Rel-8 and Rel-9 UEs are not scheduled to receive PDSCH unicast transmission in MBSFN sub-frames. Thus, MBSFN sub-frames can be used as optimised resources for LTE-A Rel-10 and beyond UEs for advanced features since MBSFN sub-frames have less CRS overhead. However, only TM9 is supported in MBSFN sub-frames, resulting in scheduling restriction. RAN1 identified the following three alternatives in RAN1#57 [3] regarding the support of transmit diversity in Rel-10 MBSFN sub-frames:  
· Alt1: no TXD transmission 

· Alt2: Rel-8 TXD with DRS
· Alt3: Rel-8 TXD with Rel-8 CRS in control region only

The benefits of transmit diversity in Rel-10 MBSFN sub-frames, and the performance of Alt-2 and Alt-3 were also identified in [4, 5]. However, RAN1 did not agree to specify any transmit diversity scheme in Rel-10 MBSFN sub-frames. 
It should be noted that several transmission schemes based on CRS are specified in Rel-8 and Rel-9, under TM1-6 taking into account its channel condition, transmission robustness, bandwidth utilizations, and control/feedback overhead. This provides better scheduling flexibility. To have such scheduling flexibility gain for DM-RS/CSI-RS based transmission modes, we propose to evaluate transmit diversity schemes with DM-RS/CSI-RS. 

Proposal 2: Transmit diversity schemes should be evaluated with DM-RS/CSI-RS to be specified under new transmission mode. 

3. Conclusion

We provided our initial view on enhancements for DM-RS based transmission scheme. The fallback mode of TM9 in normal sub-frames still relies on CRS. Moreover, transmit diversity scheme is not supported with DM-RS. Therefore, we propose the following:

Proposal 1: New transmission modes if identified necessary are defined based on DM-RS/CSI-RS only. Also, existing transmission modes based on CRS (TM1-8) shall not be enhanced.
Proposal 2: Transmit diversity schemes should be evaluated with DM-RS/CSI-RS to be specified under new transmission mode. 
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