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1. Introduction

The following working assumptions on enhanced downlink control channel were agreed in RAN1#66bis, based on the consideration from CA enhancement, new carrier type, CoMP and DL MIMO:

· Introduce an enhanced physical downlink control channel that is:

· 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 this contribution we discuss the reference signals in support of enhanced PDCCH. We assume that enhanced PDCCH is transmitted in the PDSCH region. A new ePDCCH in the legacy control region does not efficiently address the control channel capacity issue and is therefore not considered in this paper. 
2. Discussion

2.1. CRS-based ePDCCH 

CRS-based ePDCCH is transmitted within the configured ePDCCH resources (
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 VRB) with or without cross-leaving. 

· With cross-interleaving, ePDCCH re-uses the legacy PDCCH bit-level processing (e.g. CCE generation, scrambling, cross-interleaving), except that interleaving is performed within 
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 VRBs instead of the system bandwidth. Hence, PDCCH capacity increase merely comes from the additional PDSCH resources. No beamforming gain is achieved. The frequency diversity of ePDCCH is reduced compared to legacy PDCCH due to the smaller bandwidth for interleaving. Therefore, it is not expected to bring significant performance improvement in Rel.11. 
· Without cross-interleaving, ePDCCH is transmitted with Rel.8-10 CRS transmission schemes for PDSCH (1/2/4Tx MIMO).  Both transmit diversity and beamforming gain is achievable by applying 2/4 ports transmit diversity (TM 2) or single-layer beamforming (TM 6), thereby improving PDCCH coverage and capacity. It also allows frequency-domain ICIC on the control channel by assigning PDCCH in different cells on orthogonal RB pairs. On the other hand, its application in MBSFN subframes is limited due to the absence of CRS. Spatial re-use of control channel resource is limited due to the insufficient support of MU-MIMO.
Observations:
· CRS-based ePDCCH with cross-interleaving is not expected to significantly improve the control channel performance.
· CRS-based ePDCCH without interleaving can exploit both diversity and beamforming gain, and achieve frequency-domain ICIC on the control channel. However its application in MBSFN subframe and in spatial reuse is restricted. .
2.2. DMRS-based ePDCCH

We believe DMRS-based ePDCCH is a good candidate and should be the focus of enhanced downlink control channel design in Rel.11, due to a number of benefits that have been identified:

· exploration of close-loop beamforming gain,
· exploration of frequency domain ICIC,
· applicability in both unicast and MBSFN subframes,
· flexible support of MU-MIMO on ePDCCH spatial re-use.
As a starting point, Rel.11 ePDCCH design should be based on the principles of Rel.10 R-PDCCH with single-layer beamforming on antenna port 7 with SCID 0. In addition, MU-MIMO of ePDCCH has been considered as a high-priority aspect to enhance the control channel capacity. This includes several possibilities for ePDCCH multiplexing:
· TDM/FDM:  ePDCCHs multiplexed in time/frequency domain, with / without cross-interleaving 
· SDM: 
         ePDCCHs multiplexed in spatial domain.

For SDM-based ePDCCH multiplexing, it is reasonable to begin with the Rel.10 PDSCH MU-MIMO framework where spatial multiplexing is based on DMRS antenna ports and SCID. In Rel.10 PDSCH, a maximum of four layers can be multiplexed while each user may be assigned with a maximum of two layers. ePDCCH, however, is a very different channel than PDSCH and requires much more robust reception. Hence, the total number of multiplexed layers as well as the number of layers per ePDCCH should be carefully evaluated. As a simple starting point, two ePDCCHs multiplexed on two orthogonal DMRS antenna ports 7/8 with single-layer transmission seems to be reasonable.  It is unclear if more than two layers multiplexing of ePDCCH is necessary or realistic, as the decreased power per layer and increased inter-user interference will negatively impact the ePDCCH robustness.

Rel.10 DMRS pattern for PDSCH should be a starting baseline for ePDCCH. There have been some proposals on new DMRS patterns which primarily target MU-MIMO enhancements for PDSCH. For ePDCCH, as the number of layers supported in MU-MIMO is limited as discussed above, Rel.10 DMRS pattern should be re-used, unless there is a convincing reason to do otherwise.  
3. Conclusions
In this contribution we presented our views on the reference signals for enhanced downlink control channels. Based on the observation our current preferences are summarized below: 
Proposal:

· Focus on DMRS-based ePDCCH in Rel.11 ePDCCH study.
· Start from Rel.10 R-PDCCH framework where ePDCCH is mapped to antenna port 7 and SCID 0 with single-layer beamforming.
· For SDM-based MU-MIMO on ePDCCH, consider the simple case of two ePDCCH multiplexed on orthogonal DMRS antenna ports 7 and 8.

· Re-use Rel.10 PDSCH DMRS pattern for ePDCCH.
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