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1. Introduction
In RAN1#66bis meeting, it was agreed to introduce enhanced physical downlink control channel (E-PDCCH) and following design guidelines were captured as working assumptions:
-
able to support increased control channel capacity

-
able to support frequency-domain ICIC, 

-
able to achieve improved spatial reuse of control channel resource 

-
able to support beamforming and/or diversity

-
able to operate on the new carrier type and in MBSFN subframes

-
able to coexist on the same carrier as legacy UEs
Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
In the contribution, considering the design guidelines of E-PDCCH such as supporting increased control channel capacity, achieving improved spatial reuse of control channel resource, supporting beamforming and/or diversity, and operating on the new carrier type and in MBSFN subframes, we discuss the reference signal for E-PDCCH demodulation. 
2. Consideration on the reference signal for E-PDCCH demodulation
For the downlink transmission in Rel-8/9/10, cell-specific reference signal (CRS, antenna port 0~3) and UE specific reference signal (DMRS, antenna port 7~14) has been defined for the PDSCH demodulation. Considering E-PDCCH transmission in PDSCH region, these two types of reference signal can be considered as candidates for E-PDCCH demodulation. 
CRS based demodulation provides frequency and spatial diversity gain from cross-interleaving design (i.e. different DCI messages for multiple UEs are multiplexed in a same PRB) and transmit diversity scheme (e.g. SFBC and SFBC+FSTD) with antenna port 0~3. Also, better channel estimation performance is expected from CRS which is densely spread in time and frequency domain. However, in CoMP scenario 4 and MIMO scenario B, SFN gain is achieved by combining the same CRS transmitted from different transmission points, thus zone splitting gain cannot be expected from CRS. In addition, in new carrier type and MBSFN subframe where CRS may not be transmitted at all, CRS based demodulation does not work properly. On the other hands, UE-specific DMRS based demodulation can exploit beamforming gain for each UE when accurate channel state information is reported to eNB. Also, in terms of allowing control channel transmission in PDSCH in case of new carrier, and increasing spatial reusability of control channel, we can make a decision that DMRS based demodulation is a proper approach.
Proposal 1: 
· UE-specific DMRS based E-PDCCH regardless of transmission schemes should be applied.
When an E-PDCCH transmission is designed in PDSCH region, downlink data throughput should be reduced due to the resource overhead for E-PDCCH. Therefore, a technique to improve resource utilization efficiency should be considered on the E-PDCCH design. As a possible candidate, MU-MIMO based E-PDCCH transmission, which means E-PDCCHs for different UEs are transmitted via multiple layers in same frequency/time position, can be adopted [1]. In this case, multiple DMRS resources should be defined to support orthogonal channel estimation and demodulation of E-PDCCH on multiple different UEs, multiple allocation of DMRS resource, i.e. antenna port and scrambling ID are required, and a detailed configuration/indication method of DMRS resources for individual UE needs to be investigated 

Observation 1: 
Assigned DMRS should be configurable by the eNB

· To support MU-MIMO layer multiplexing for efficient resource utilization.

· To provide orthogonality for spatial application (e.g. CoMP and interference coordination/reduction aspects)

When accurate channel state information is not reported from UE, DRMS based precoding is hard to operate for E-PDCCH transmission. In order to support robust transmission with inaccurate channel information, transmit diversity scheme can be introduced. For example, if common control channel which contains control information for multiple UE is defined in E-PDCCH, that channel should be transmitted by transmit diversity scheme to provide robust transmission performance for all UEs over whole cell coverage. To operate transmit diversity scheme for DMRS based E-PDCCH transmission, resource assignment of DMRS should be carefully studied in terms of DMRS resource overhead and resource utilization for multiple UEs. For example, fixed DMRS resource assignment (e.g. antenna port 7 and 8 with NSCID 0 are applied for SFBC, and antenna port 7 with NSCID 0 is used for random beamforming) can be considered. As another example, we can regard eNB configured DMRS resource assignment, which means eNB indicates DMRS resource including antenna port(s) and scrambling ID(s).
Observation 2: 
· Supporting transmit diversity scheme for DMRS based E-PDCCH transmission, DMRS resource assignment schemes should be studied. 
3. Conclusion
In this contribution, we discussed on reference signal for E-PDCCH transmission. From the discussion, we can conclude as follows:
Proposal 1: 
· UE-specific DMRS based E-PDCCH regardless of transmission schemes should be applied.
Observation 1: 
Assigned DMRS should be configurable by the eNB
· To support MU-MIMO layer multiplexing for efficient resource utilization.

· To provide orthogonality for spatial application (e.g. CoMP and interference coordination/reduction aspects)
Observation 2: 

· Supporting transmit diversity scheme for DMRS based E-PDCCH transmission, DMRS resource assignment schemes should be studied.
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