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1. Introduction

The following agreements were reached in RAN1#67 for enhanced downlink control channel.

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

DMRS configuration is closely related to ePDCCH transmission scheme. This could be categorized in two dimensions: frequency-domain and spatial domain. In the frequency domain, both localized and distributed transmissions have been adopted in the last meeting. Distributed ePDCCH aims to reap frequency diversity gain by spreading ePDCCH over a set of non-adjacent frequency resources in the system bandwidth, to ensure ePDCCH robustness and reliability. In the spatial domain, a number of schemes have been discussed, namely single-layer beamforming, spatial transmit diversity (TxD), and multi-layer beamforming (SU-MIMO). In the following sections we focus on the spatial domain processing and further discuss the DMRS aspects. 

2. Discussion
2.1. Single-layer beamforming
Rank-1 beamforming has shown robust performance in Rel.10 for a wide range of deployment and channel scenarios. We think rank-1 single-layer beamforming should be a natural baseline transmission scheme for ePDCCH. Building on the objective of improved spatial reuse and increased channel capacity, the following aspects could be further considered:
· Antenna port: ePDCCH capacity can be doubled by orthogonal spatial reuse on antenna port 7 and 8. This does not increase the DMRS overhead (12 RE/RB).  On the other hand, orthogonal spatial reuse on port 9/10 needs be carefully discussed as it increases the DMRS overhead and leads to PDSCH/ePDCCH mapping ambiguity. 
· Scrambling: In Rel.10, non-orthogonal spatial reuse of order 2 is supported with nSCID = 0/1. In Rel.11, higher-layer configuration of DMRS scrambling has been agreed for PDSCH. We think the same mechanism could be considered for ePDCCH where DMRS scrambling is UE-specifically configured by higher layer, to allow more flexible and enhanced spatial reuse in a wide range of deployment scenarios.
Proposal:

· Adopt rank-1 beamforming as the baseline transmission scheme for ePDCCH. 

· Consider orthogonal spatial frequency reuse on port 7 or 8. 
· Allow higher-layer configured DMRS scrambling (similar to PDSCH) to support flexible non-orthogonal spatial reuse of ePDCCH. 

2.2. Multi-layer beamforming (SU-MIMO)

With rank-r (r>1) spatial multiplexing, one ePDCCH is transmitted on multiple DMRS antenna ports. This is considered beneficial to increase the ePDCCH throughput at a given time instance for a particular user. On the other hand, the performance benefits in terms of average ePDCCH capacity in the network and the PDSCH throughput is unclear at this moment. Additionally, the link robustness of ePDCCH is critical due to its control signal nature. Hence, trading off the optimal diversity gain (rank-1 beamforming) with multiplexing gain (rank > 1) seems to be against such an objective. Overall, the system-wise performance benefits of rank>1 SU-MIMO for ePDCCH should be further discussed.
2.3. Transmit diversity (TxD)
Diversity gain comes from both frequency domain and spatial domain. Frequency diversity is already supported by distributed ePDCCH agreed in RAN1#67. Whether combined spatial/frequency diversity provides significant gain over frequency diversity should be carefully evaluated [1]. Overall, in any realistic system there is an upper bound to the practically achievable diversity order, and introduction of new features should be justified by sufficient performance improvements.
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:

· Adopt rank-1 beamforming as the baseline transmission scheme for ePDCCH. 

· Consider orthogonal spatial frequency reuse on port 7 or 8.

· Allow higher-layer configured DMRS scrambling (similar to PDSCH) to support flexible non-orthogonal spatial reuse of ePDCCH. 
· Carefully evaluate whether combined spatial / frequency diversity provides significant gain over frequency diversity gain provided by distributed ePDCCH.
· Further discuss if rank>1 SU-MIMO should be adopted. 
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