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1 Introduction
Recently many discussions and contributions at RAN1#66 were on the capacity of the Physical Downlink Control Channel (PDCCH) which may be limited for some Rel-11 scenario. Attention is geared towards the enhanced PDCCH (e-PDCCH) technology. 
MU-MIMO is one of the current developments of MIMO technology and e-PDCCH may use MU-MIMO to increase capacity further. 
This contribution considers a future version of e-PDCCH using MU-MIMO technology.

2 Motivation 
The motivation for e-PDCCH is that in some scenario, such as cross-scheduling in carrier aggregation, MU-MIMO, same ID RRH in CoMP, and so on, the required number of PDCCH increases sharply. The original PDCCH design can be restricted. In reference [1-2], there is detailed description on the relevant scenarios. 
E-PDCCH uses the PDSCH resources to transmit control information, this somewhere reduce the efficiency of data resources. Meanwhile, if in the time there isn’t DL grant scheduling for assigned e-PDCCH resources, whether the unoccupied resources could be used can be problematic. 
In Release 11, the MU-MIMO transmission will be improved in DL transmission. Actually, e-PDCCH also can use MU-MIMO manner for geographically separated UE, i.e, control information of more UEs will be co-scheduled within the same resources. This can increase capacity of control channel further. However in this condition, some issue should be considered.    
4 Benefits and challenge of e-PDCCH using MU-MIMO
4.1 Benefits
· Further increase capacity using MU-MIMO

The larger capacity can be obtained based on MU-MIMO manner. 
· Reduce overhead

E-PDCCH using MU-MIMO can reduce the occupied PDSCH resource for control information.

· Frequency scheduling flexibility

When the resource is used as e-PDCCH transmission from a UE, the other UE can’t use the same frequency resources even if for the other UE the resources have better channel condition. This can influence frequency selection scheduling. MU-MIMO can solve this problem
4.2 Challenge- possible performance influence
The performance of DCI transmitted in MU-MIMO mode can be degraded, so the performance of MU-MIMO for E-PDCCH should be evaluated. The control information requires higher robustness compared to data transmission, thus MU-MIMO manner should be carefully designed.
1. the number of multiplexing UE
In the initial stage, the e-PDCCH of two UEs can be multiplexed. However, antenna port 7 and 8 use nSCID =0,1 to distinguish. The non-full orthogonality may influence the performance.
2. SU/MU dynamic switch
As short-term channel changes frequently, MU-MIMO should not be forced on e-PDCCH, and SU/MU dynamic switch should be supported for e-PDCCH. The design of e-PDCCH should take this into account in order to exert MU-MIMO mode.
3. CSI feedback enhancement

MU-MIMO for PDSCH will be investigated in DL MIMO Enhancement section. If the enhanced feedback is agreed, such as companion PMI or CQI, the same principle can be reused for e-PDCCH to improve the performance.

Proposal: e-PDCCH using MU-MIMO need to investigate further.
5 Conclusion 
In this contribution we discuss the issues about e-PDCCH using MU-MIMO, the more design and evaluation are needed further. Our conclusion follows proposal:
Proposal: e-PDCCH using MU-MIMO need to investigate further.
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