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1
Introduction
In Rel-11, an enhanced physical downlink control channel (e-PDCCH) will be introduced. In RAN1#67, DM-RS based e-PDCCH was agreed. In this contribution, we share our views on several design issues for DM-RS based e-PDCCH.
2
Discussion
In RAN1#66bis, it was agreed as a working assumption that an enhanced physical downlink control channel (e-PDCCH) will be introduced in Rel-11, based on considerations from CA enhancement new carrier type, CoMP and DL MIMO. In RAN1#67, the following was agreed:

· 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.

In this contribution, we focus on the following design issues for DM-RS based e-PDCCH:
· Should higher rank (>1) e-PDCCH be supported? 

· Should MU-MIMO for e-PDCCH be supported? 

· How would a UE determine the port index (or indices) used for its e-PDCCH?

· How would the scrambling sequence for e-PDCCH be initialized?

In Rel-8/9/10, PDCCH always assumes rank 1 transmission. Rank 1 control channel transmission is generally more robust against imperfections in eNB’s management of the amount of resources (frequency/time resources, power level, etc.) dedicated to the control channel transmission for a UE. Also, it is often that the eNB tends be a bit conservative in the resource management to ensure a reliable PDCCH delivery, since a miss detection of PDCCH will directly lead to an incorrect PDSCH decoding at the UE and PDSCH resource wastage for the system. 
For e-PDCCH, the same reliability and conservatism still apply. In addition, if rank > 1 e-PDCCH is supported, it remains an open issue on how the UE determines the transmission rank of e-PDCCH. A UE may perform blind decodes of the transmission rank of e-PDCCH, at the expense of increased number of blind decodes. Alternatively, a UE can be layer 3 configured with a specific rank for e-PDCCH transmission, at the expense of slow adaptation to channel variations and potential ambiguity between eNB and UE upon re-configuration. It is also possible to always limit rank 1 for compact DCI formats (e.g., 1A and 0), while allowing some flexibility in the transmission ranks for MIMO DCI formats (DCI format 2 and the like). 
Based on the above, we propose:

· Proposal 1: RAN1 to discuss whether to support rank > 1 e-PDCCH, and if so, how the UE determines the rank in use for e-PDCCH.
While it is not straightforward to manage rank>1 e-PDCCH transmissions, it is more difficult to manage MU-MIMO e-PDCCH transmissions, especially from performance and reliability perspective. Two or more e-PDCCHs under MU-MIMO would inevitably interfere with each other, where the amount of mutual-interference depends on the channel/interference imperfections for these UEs. Reliable and accurate channel information feedback is necessary for proper MU-MIMO operation for e-PDCCH.  As a result, we propose:
· Proposal 2: MU-MIMO e-PDCCH is not supported in Rel-11.
Note that Proposal 2 does not mean that MU-MIMO operation  has to be excplicitly excluded, instead it means that no control channel optimization should be targeted for MU-MIMO in Rel-11.  

As agreed in RAN1#67, antenna ports 7-10 can be used for e-PDCCH. Among the four possible antenna ports, how would the UE determine which port(s) is in use for e-PDCCH? Generally speaking, the following design alternatives can be envisioned:
· Alt 1: RRC configured, and fixed once configured
· Alt 2: RRC configured with two or more antenna ports, and UE blindly detect which port is in use
· Alt 3: RRC configured with two or more antenna ports, and subframe-dependent antenna port in use
Alt 1 is the simplest. Alt 2 provides additional flexibility at the expense of increase number of blind decodes. Alt 3 maintains the same number of blind decodes as Alt 1, but at the expense of slightly compromised flexibility compared with Alt 2. We propose that:

· Proposal 3: As a baseline, the antenna port(s) in use for e-PDCCH is by RRC configuration and is fixed once configured. Fixed antenna port means that each decoding candidate has a single associated antenna port at least for Rank-1 operation.  Additional flexibility in antenna port management for e-PDCCH is FFS.

Lastly, similar to PDSCH, which can benefit from CoMP operation, e-PDCCH can also benefit from CoMP operation.  For instance, it may be beneficial for an e-PDCCH intended for a UE in cell 1 (where PDCCH is transmitted for the UE) to be transmitted from cell 2 for improved cell offloading and load balancing. As a result, similar to PDSCH, the scrambling sequence for e-PDCCH should not be necessarily tied with cell 1. Rather, a virtual cell ID can be used. A single virtual cell ID can be used for e-PDCCH. Alternatively, two or more virtual cell IDs may be configured for a UE. The indication of the actual virtual cell ID in use can be semi-static or dynamic, where the latter may require additional number of blind decodes if there is no reduction on the possible decoding candidates for e-PDCCH.
· Proposal 4: RAN1 to discuss the need for virtual cell ID(s) for e-PDCCH scrambling sequence initialization.
3
Conclusions 

In this contribution, we discussed a few issues related to DM-RS based e-PDCCH. In particular, we propose:
· Proposal 1: RAN1 to discuss whether to support rank > 1 e-PDCCH, and if so, how the UE determines the rank in use for e-PDCCH.
· Proposal 2: MU-MIMO e-PDCCH is not supported in Rel-11.

· Proposal 3: As a baseline, the antenna port(s) in use for e-PDCCH is by RRC configuration and is fixed once configured.  Fixed antenna port means that each decoding candidate has a single associated antenna port at least for Rank-1 operation.   Additional flexibility in antenna port management for e-PDCCH is FFS.

· Proposal 4: RAN1 to discuss the need for virtual cell ID(s) for e-PDCCH scrambling sequence initialization.
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