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1. Introduction

A working assumption to introduce an enhanced physical downlink control channel was made at WG1 meeting #66bis. In this contribution we give our views on reference signals for the enhanced PDCCH.  

2. RS for enhanced control channels

According to the working assumptions agreed previous meeting, spatial reuse and frequency domain ICIC of a control channel resource as well as beamforming, should be possible with the enhanced control channel. To obtain this cell splitting and beamforming gain, the DMRS needs to undergo the same precoding operation as the enhanced control channel, so that the used precoding vector becomes transparent to the receiving UE. 

Proposal 1: The enhanced control channel and the associated DMRS are self-contained within the same PRB pair and precoded with the same precoding vector so the use of precoding becomes transparent to the UE
This allows beamforming of an enhanced control channel towards a UE and both control data and DMRS benefit from the precoding gain. Furthermore, when a PRB is unused, there is no DMRS transmitted there to reduce interference and enable energy savings. 

However, if an enhanced control channel is transmitted without downlink channel knowledge to the UE or if the control message is intended for multiple UEs, then UE specific beamforming cannot be used. In this case diversity transmission is proposed, which has robust coverage over the whole cell. Use cases for diversity transmission are the common control channel transmission or the transmission of ePHICH. To reduce DMRS overhead, the DMRS used for this type of transmission could be re-used by multiple UEs since it anyway isn’t precoded towards any particular UE. Hence, this can be seen as a “localized common reference signal” for this type of diversity transmission, present only in the PRB pairs where this diversity transmission of enhance control channels takes place
.

Proposal 2: In diversity transmission of an enhanced control channel, consider solutions where multiple UEs use the same DMRS for transmission of enhanced control messages. 

Although the DMRS are proposed to be self-contained within the PRB pairs used for a particular enhanced control channel transmission, it is worth considering PRB bundling for improving the channel estimation performance; similar to what is used for transmission mode 9. A UE may then utilize channels measured on antenna ports in different PRB pairs for e.g. interpolation. Note also that the enhanced control channel performance should be evaluated without using CRS to aid the DMRS based channel estimation since there is no relation between these antenna ports. Further note that the CRS may be transmitted from a geographically non co-located antenna and there may be large power imbalance between these antenna ports, see the related LS to RAN4 [1]. Additionally, in the new carrier type, the CRS may not be transmitted at all.

Proposal 3: Consider PRB bundling to improve channel estimation performance for the enhanced control channel
For small ePDCCH transmission, multiple ePDCCH will fit into one PRB pair. Since these ePDCCH may target different UEs, and thus use individual precoding vectors, each ePDCCH needs one unique DMRS, or antenna port (AP). Hence, the maximum number of antenna ports that needs to be supported per PRB pair is given by the maximum number of ePDCCHs that can be transmitted in one PRB pair. Since a PRB pair contains at most 144 RE available for ePDCCH transmission (taking away 24 RE for DMRS), there will be room for four ePDCCH with one CCE (=36 RE) each. Hence a PRB pair needs to support up to four independently precoded ePDCCH transmissions and therefore up to four orthogonal DMRS must be supported within each PRB pair.

The Rel.10 UE specific DMRS for the shared data channel supports up to eight orthogonal DMRS so as a baseline, we propose to use the DMRS associated with layer 1-4 transmission from the shared data channel (i.e. antenna port 7,8,9 and 10) for the enhanced control transmission. Like that, the same channel estimator can be reused for the shared data and enhanced control transmissions. It is worth to note here that the use of the DMRS for ePDCCH is somewhat different compared to the shared data channel, where each orthogonal DMRS was associated with a MIMO layer of a PDSCH transmission. Here, a DMRS is associated with one of the ePDCCH transmission within the PRB pair, and the ePDCCH transmission are orthogonal in the time-frequency grid and not overlapping layers as in the MIMO case.

At the previous meeting, it was agreed in the CoMP WI that for the shared data channel, the DMRS sequence generator can be semi-statically configured in a UE-specific manner. This allows for cell splitting of the PDSCH transmission in the shared cell scenario. Hence, when using RRH and with isolation between the RRH coverage areas, a DMRS for PDSCH demodulation can be re-used and is allowing for MU-MIMO operation with non-orthogonal DMRS. It is natural to use the same functionality also for the enhanced control channel, to enable the same cell splitting gains and MU-MIMO operation with non-orthogonal RS.  Hence, we propose the following to align with the shared data channel DMRS:  

Proposal 4: The Rel.11 UE specific DMRS of antenna port 7-10 for the shared data channel with UE specific scrambling of DMRS is used for enhanced control channel DMRS. One to four orthogonal DMRS is supported within each PRB pair. 
3. Conclusion

Related to the RS used for the enhanced control channels, we have the following proposals:
Proposal 1: The enhanced control channel and the associated DMRS are self-contained within the same PRB pair and precoded with the same precoding vector so the use of precoding becomes transparent to the UE
Proposal 2: In diversity transmission of an enhanced control channel, consider solutions where multiple UEs use the same DMRS for transmission of enhanced control messages. 
Proposal 3: Consider PRB bundling to improve channel estimation performance for the enhanced control channel
Proposal 4: The Rel.11 UE specific DMRS of antenna port 7-10 for the shared data channel with UE specific scrambling of DMRS is used for enhanced control channel DMRS. One to four orthogonal DMRS is supported within each PRB pair.
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� One should note that from the system perspective, the DMRS are local common RS, but from a UE perspective they are UE specific. 





