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1. Introduction

Rel-11 DL enhanced control channel aims to support capacity enhancement via high spectral efficiency, and the increase can be achieved by CL MIMO or TxD. Frequency diversity gain would be achieved by distributed transmission, and channel adaptive precoding gain would be provided for localized transmission, as an agreement, in RAN1 #68, we concluded for localized transmission as

· At least for the E-PDCCH transmission that supports localized transmission
· Single layer (i.e., rank 1) transmission is supported

· support of 2 layer SU-MIMO is FFS
· rank 3 and 4 SU-MIMO is not supported
To support SU/MU-MIMO ePDCCH, most of all, we need to define the proper structure and transmission scheme for DM RS, and the examples of related discussion would be 

· How to determine AP(s) to use ePDCCH detection
· How to determine scrambling sequence for ePDCCH detection
· How to determine the number of AP for ePDCCH
· Etc. 
In this contribution, we suggest possible solutions for above three questions. 
2. DM RS requirement and configuration for ePDCCH demodulation
DM RS port allocation for each DCI.

As discussed in previous meetings, DM RS ports 7 – 10 would be used for ePDCCH demodulation, and we would reuse Rel-10 PDSCH DM RS port to REs mapping rules for Rel-11 ePDCCH DM RS. For the distributed transmission, we made common understanding that UE specific or DCI specific precoding would not be proper, and the same DM RS port can be share for multiple DCI or UEs to increase channel estimation accuracy. However, for the localized transmission, to achieve precoding gain, each DCI mapped on the same PRB pair should be distinguished by different DM RS ports, and we need to pre-determine DM RS port for each DCI or UEs not to increase ePDCCH blind detection complexity or decoding delay. Companies have opened two alternatives for DM RS port allocation.  
· Alternative 1: DM RS port(s) for each UE is configured by RRC
· Alternative 2: 2DM RS port(s) will be defined by ePDCCH resource 

Each alternative has its pros and cons at DCI multiplexing flexibility and channel estimation complexity. With alternative 1, since the UEs configured to have the same DM RS port(s) cannot receive ePDCCH via the same PRB pair, there would be a restriction at ePDCCH resource allocation for localized transmission. In case of alternative 2, since UE should performs channel estimation multiple times according to the physical location of ePDCCH search space, UE would be suffered by channel estimation complexity or ePDCCH decoding delay. Considering the standardization work to confirm the possible drawbacks, it would be better to set alternative 1 as baseline. 
Proposal 1: DM RS port(s) for localized ePDCCH transmission should be configured by RRC to each UE.

DM RS scrambling sequence

In Rel-10 DL DM RS, to support MU-MIMO up to total rank 4, UE specific scrambling identity 
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 is dynamically signaled via PDCCH. But due to the characteristics of PN sequence, the orthogonalities between DM RS targeting different UEs would be reduced as the length of DM RS sequence decreases, and the separation by UE specific or DCI specific scrambling identity would not be proper to support the multiplexing of small size DCI. Thus, UE specific or DCI specific 
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 would not be necessary. However, to support flexible ePDCCH transmission, ePDCCH DM RS sequence would be better to be configurable.
Proposal 2: DM RS sequence would be better to be configurable.
Number of DM RS antenna ports for ePDCCH

Localized ePDCCH transmission would achieve various gains via closed-loop precoding. For further discussion, it is required to confirm whether we need to support open-loop spatial diversity scheme for ePDCCH. To support closed-loop precoding, one DM RS port should be configured for each ePDCCH layer, or two DM RS ports should be configured for each ePDCCH layer if we need to support spatial diversity. 
In common sense, localized ePDCCH transmission is valid when the frequency selection gain is available, and the frequency selection is valid only for the UEs reporting accurate channel information. Thus, spatial diversity would not be necessary for localized transmission. In case of distributed transmission, to support robust DCI transmission, each DCI would spread wide band and further diversity scheme as spatial diversity would not be necessary. Therefore, one DM RS port would be enough per each ePDCCH layer. 
Proposal 3: one DM RS Port would be used per ePDCCH layer.
3. Conclusion
In this contribution, we briefly discuss RS issues for ePDCCH demodulation. DM RS should be configured not to increase ePDCCH blind detection complexity of ePDCCH decoding delay, and we suggest following proposals 
Proposal 1: DM RS port(s) for localized ePDCCH transmission should be configured by RRC to each UE.
Proposal 2: DM RS sequence would be better to be configurable.
Proposal 3: one DM RS Port would be used per ePDCCH layer.
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