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1. Introduction
In RAN1 session #67, the follow points were agreed.
· 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
In addition, a working assumption that there are no cases where CRS is used for demodulation of the enhanced control channel was made for further confirmation in later meetings.
Since further utilization scheme of UE-specific reference signals for ePDCCH remains open, this paper provides our views and considerations on the related reference signal designs for both diversity and beamforming schemes.


2. Discussion
In RAN1#67, it was already agreed that both distributed and localized transmission schemes of ePDCCH are supported.  Since distributed ePDCCH is utilized to exploit frequency diversity and localized ePDCCH is utilized to exploit either multi-user diversity or beamforming gain, it is reseasonable to view distributed ePDCCH as the resource allocation scheme for open-loop diversity transmission and localized ePDCCH as the resource allocation scheme for closed-loop diversity/beamforming transmission scheme as shown in Table 2.1.
Table 2.1 Supported transmission schemes for distributed and localized ePDCCH
	
	Transmission Scheme

	
	Open-loop Diversity Scheme (Tx-Div)
	Closed-loop Diversity Scheme (MU-Div)
	Closed-loop Beamforming Scheme

	Mapping Scheme
	Distributed ePDCCH
	Support
	Not support
	Not support

	
	Localized ePDCCH
	Not support
	Support
	Support


For distributed ePDCCH, in addition to frequency diversity, transmit diversity can be further exploited to enhance the performance of ePDCCH by open-loop MIMO technology, such as SFBC and random beamforming.  For localized ePDCCH, in addition to beamforming gain, multi-user diversity can also be exploited by scheduling physical resources to the UE which has the best channel condition based on the CSI information with no precoding.  However, without careful design, different transmission schemes may introduce different reference signal designs for ePDCCH.  This would introduce additional specification efforts and higher channel estimation complexity in an UE.  Therefore, in order to simplify the reference signal design for ePDCCH and reduce the corresponding channel estimation complexity in an UE, it is preferred to have a common design of reference signals supporting three transmission schemes shown in Table 2.1 for ePDCCH.

Proposal #1:  In order to simplify the reference signal design for ePDCCH and reduce the corresponding channel estimation complexity in an UE, a common design of reference signals for different transmission schemes in ePDCCH is preferred.
To have a common deisgn of reference signals for different transmission schemes in ePDCCH, the transmit diversity scheme in distributed ePDCCH is the key.  There are several transmit diversity schemes, which can be considered to further enhance the performance of distributed ePDCCH.
· 2 Tx antennas
· SFBC using 2-port DM-RS 
· FSTD using 2-port DM-RS 
· Large-delay CDD using single-port DM-RS
· Random beamforming using single-port DM-RS => Preferred 
· 4 Tx antennas
· SFBC + FSTD using 4-port DM-RS 
· FSTD using 4-port DM-RS 
· Large-delay CDD + FSTD using two-port DM-RS
· Random beamforming using single-port DM-RS => Preferred 
Considering the possibility of multi-user multiplexing in one PRB-pair and a common design of reference signals in ePDCCH, random beamforming for transmit diversity in distributed ePDCCH is preferred.  Take 4 eCCEs in one PRB-pair as an example and each eCCE can utilize one DM-RS port, e.g. the first eCCE utilizes antenna port 7, the second eCCE utilizes antenna port 8, the third eCCE utilizes antenna port 9 and the last eCCE utilizes antenna port 10.  Both diversity and beamforming schemes can follow the same DM-RS utilization mapping as shown in Figure 2.1.
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Figure 2.1  Illustration of DM-RS utilization in both random beamforming and beamforming transmission schemes when 2 transmit antennas are applied
Compared to SFBC and FSTD, random beamforming as the transmit diversity scheme provides a very simple reference signal deisgn and reduces a lot of specification efforts in deciding how to map REs to SFBC pairs in ePDCCH.  In addition, random beaforming can also provide better channel estimation performance in a fragmented structure of ePDCCH, compared to large-delay CDD.  However, the transmit diversity gain of random beamforming highly depends on the interleaving scheme of the distributed ePDCCH so it requires further performance verification with the corresponding interleaving scheme for a final decision.
Proposal #2:  For the transmit diversity in distributed ePDCCH, random beamforming is preferred if the diversity gain is verified to be comparable with the legacy PDCCH.
3. Conclusion

In this paper, the related issues of reference signal designs for ePDCCH are discussed.  The proposals are summarized as follows.
Proposal #1:  In order to simplify the reference signal design for ePDCCH and reduce the corresponding channel estimation complexity in an UE, a common design of reference signals for different transmission schemes in ePDCCH is preferred.
Proposal #2:  For the transmit diversity scheme in distributed ePDCCH, random beamforming is preferred if the diversity gain is verified to be comparable with the legacy PDCCH.
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