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1. Introduction

In RAN 1 #57 meeting, several issues regarding higher order MIMO supports such as codebook, CW-to-layer mapping, transmit diversity scheme for MBSFN subframe, and layer shifting were discussed. Among them, some issues are still remained as open issue. Remaining issues for higher order MIMO summarized in RAN1 #57 MIMO chairman’s note [1] as listed as follows: 
· TXD with 8 antennas for single cell operation

· PDCCH, PDSCH to Rel-10 UE in non-MBSFN subframes: Rel-8 TXD with 2 or 4 TX antennas used via standard-transparent virtualization

· PDSCH to Rel-10 UE in MBSFN subframes: continue discussion

· Alt1: no TXD transmission

· Alt2: Rel-8 TXD with DRS

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

· Layer shifting

· Continue discussion

· Per-PRB pair-based DRS design still seems appropriate

· Take into account the performance aspect related to interpolation of channel estimate across RBs 

· Need for indication of precoding granularity?  

· 8TX antenna SU-MIMO without PMI feedback

· Continue discussion

In this contribution, we discuss on some open issues mentioned above for further progress on LTE-Advanced downlink MIMO.

2. TxD in LTE-A only subframe
A transmit diversity (TxD) scheme is in general used to provide robust transmission when channel status information is inaccurate due to channel aging and/or channel feedback is not available. In Rel-8, the SFBC-based TxD is employed for several channels including control channel such as PCFICH and PDCCH. In addition, the TxD is also used as a fall-back transmission to keep the connection with a UE. Therefore, it is agreed that the Rel-8 TxD will be reused as a TxD for Rel-10 as well since the Rel-8 CRS is always available even in Rel-10 network to support backward compatibility.  Due to the supporting Rel-8 CRS in Rel-10 network, the RS overhead gets serious since additional DM-RS and CSI-RS will be transmitted in a same subframe for LTE-A UE support. Therefore, it is decided to define LTE-A only subframe in which LTE-A PDSCH will be only transmitted by reusing MBSFN subframe so that the CRS overhead in PDSCH region can be saved for LTE-A UE. Given this situation, it seems quite obvious that the CRS-based transmission is not allowed in the PDSCH region in LTE-A only subframe. Therefore, in RAN #56bis meeting, three alternatives were discussed to support continuous fall-back transmission irrespective of the subframe types as follows:
· Alt-1: no use of TxD for PDSCH in the LTE-A only subframe.

· Alt-2: Rel-8 TxD with Rel-10 precoded DRS

· Alt-3: Rel-8 TxD with Rel-8 CRS in the control region only

The table 1 discusses on pros and cons regarding alternatives mentioned above.

Table 1. Pros and Cons for alternatives

	
	Pros
	Cons

	Alt-1
	· No specification effort is required for defining TxD
· Lower UE complexity
	· Low diversity gain in LTE-A only subframe if rank-1 DRS based transmission is used


	Alt-2
	· Higher diversity gain
· Robust to high Doppler frequency in LTE-A only subframe
	· New TxD should be defined for LTE-A only subframe

· Higher UE complexity

	Alt-3
	· Higher diversity gain
	· Significant performance degradation is expected in high Doppler frequency due to the absence of RS in PDSCH region
· Higher UE complexity


Among the alternatives mentioned above, the Alt-3 seems inappropriate as a candidate since the fall-back transmission should provide reliable performance even under high Doppler frequency channel environments.

3. Layer Shifting Support
Main advantage of layer shifting is channel averaging across the layers so that each codeword tends to have similar ACK/NACK error possibility when MMSE receiver is employed. In addition, it also provides robustness for medium/high mobility and mitigates performance degradation from CQI mismatch under high mobility. It is studied a lot and concluded as promising scheme for uplink in combination with H-ARQ bundling. However, downlink is a little bit different since multiple ACK/NACK is already possible in Rel-8, thus it is hard to see the significant benefits with downlink layer shifting at this moment. In addition, this may result in other problematic situation with other downlink MIMO operation such as rank overriding.
4. Conclusions
In this contribution, we discussed on some remaining issues on higher MIMO support in LTE-Advanced. From the discussions, our views can be summarized as follows: 
· For TxD in LTE-A only subframe, Alt-1 and Alt-2 need to be further investigated to see whether other problematic situation is not occurred by precluding TxD mode from MSBFN PDSCH.
· Benefits of layer shifting in downlink seems unclear at this moment since multiple ACK/NACK is already supported in Rel-8 and the maximum 2 codeword is agreed for higher order MIMO as same as Rel-8.
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