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1 Introduction

In RAN1#67 meeting, some agreements and working assumptions have been made regarding the reference signals for enhanced control channel (ePDCCH):
Agreement from RAN1#67:

· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

Working assumption from RAN1#67:

· There are no cases where CRS is used for demodulation of the enhanced control channel.

In this contribution, we want to confirm the working assumption and discuss the transmit diversity for ePDCCH.
2 Reference signals for ePDCCH transmission
Regarding the identified scenarios agreed in RAN1#66bis, such as spatial reuse of control channel resource, beamforming, operating on new carrier type and in MBSFN subframe, UE-specific RS is necessary. However, CRS cannot support most of identified scenarios. Therefore, in order to have uniform design for ePDCCH, we propose to support only DMRS for the demodulation of ePDCCH.
Thus, we propose to confirm the working assumption from RAN1#67 and make it agreement.

Proposal:

· Confirm working assumption from RAN1#67 and make it agreement.
· There are no cases where CRS is used for demodulation of the enhanced control channel.

3 Transmit diversity for ePDCCH
When channel is unknown, UE is in high speed or un-predictable interference condition, transmit diversity is useful for the robust transmission of ePDCCH. To support ePDCCH transmit diversity with DMRS, there are several options:
· SFBC (or STBC) with two or four antenna ports 

· random precoding with one antenna port 

· cyclic selection of precoder from codebook with one antenna port 
· Large delay CDD with two or four antenna ports
The operation of random precoding and cyclic selection of precoder is transparent to UE. Therefore, these would be network deployment option. These require only one antenna port is necessary for one ePDCCH transmission. RE mapping scheme and antenna port usage of these is same with non Tx diversity scheme from the perspective of UE, so no additional blind decoding efforts for Tx diversity are necessary. 
Large delay CDD is useful when the channel is fluctuating or unknown but requires two or four antenna ports. SFBC would show the best result among all schemes but requires two or four antenna ports and specific RE mapping schemes. And both require additional blind decoding efforts for Tx diversity. 
Therefore, simulation results are necessary to compare the different transmit diversity schemes of E-PDCCH in different channel scenarios.
In [3], some simulation results were shown comparing SFBC and random precoding. 

Proposal:

· Further investigation including simulation are necessary to compare different transmit diversity schemes of ePDCCH in different channel scenarios.
4 Summary

This contribution discusses the reference signals for ePDCCH transmission and investigates the transmit diversity schemes for ePDCCH transmission using DMRS. Based on the discussion the following proposals are made:
Proposals:

· Confirm the working assumption from RAN1#67 and make it agreement:

· There are no cases where CRS is used for demodulation of the enhanced control channel.

· Further investigation including simulation are necessary to compare different transmit diversity schemes of ePDCCH in different channel scenarios.
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