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1
Introduction
In Rel-11, an enhanced physical downlink control channel (ePDCCH) will be introduced. In RAN1#67, DM-RS based ePDCCH was agreed.  In this contribution, we share our views on the usage of antenna port(s) for DM-RS based ePDCCH.
2
Discussion
In RAN1#69,  it was agreed that :

· For distributed allocation, one antenna port is identified to the UE as the phase reference for each group of REs, and it is also FFS whether the antenna port can be the same for multiple eREGs within a PRB pair.

· For localized allocation, each eCCE index is associated by specification with one antenna port, and it is FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule. 
For distributed ePDCCH, it is important to ensure sufficient diversity level for satisfactory ePDCCH performance. While it is possible to perform precoding cycling on a per PRB pair basis for distributed ePDCCH, it may be beneficial to further consider precoding cycling within a PRB pair.  
This can be done by using two antenna ports per PRB pair, and each eREG is associated with one antenna port. More specifically, if an ePDCCH is associated with a set of eREGs within a PRB pair, a different antenna port is used every 2 eREGs of the ePDCCH.  There can be other methods as well. 
To study the impact of precoding cycling, simulations were performed assuming:

· A 10MHz system with a 2x2 antenna configuration

· ETU channel model, UE speed=3 km/h
· Four eCCEs per PRB pair
· Two control OFDM symbols per subframe
· DCI Format 0/1A of 43 bits
· For distributed ePDCCH, the PRB pairs are distributed evenly across the 10 MHz bandwidth.

· For localized ePDCCH, the PRB pair is randomly chosen
· Each ePDCCH is associated with 4 eCCEs

Four different schemes were studied:

· Distributed ePDCCH without any precoding
· Distributed ePDCCH with per PRB level random precoding per eCCE using antenna port 7, with power boosting of 3dB

· Distributed ePDCCH with one random precoding in the first slot, and another random precoding in the second slot, using antenna ports 7 and 9

· Localized ePDCCH with perfect channel information feedback every 5ms

As can be seen, precoding cycling within a PRB pair is beneficial for ePDCCH, resulting in a 0.2-0.3dB gain at 1% ePDCCH miss detection comparing with PRB level precoding cycling. 
As a result, we propose:

· Proposal 1: For distributed ePDCCH, precoding cycling within a PRB pair is supported by alternating the association of the eREGs of an ePDCCH in a PRB pair with each of the two antenna ports.
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Figure 1 ePDCCH performance for distributed and localized ePDCCH
Similarly, two antenna ports can be supported for localized ePDCCH as well, similar to the PRG concept in Rel-10. As an example, an ePDCCH of aggregation level 1 can use both ports {7} and {9} for channel estimation, interference estimation and/or timing estimation. This would improve channel/interference estimation and timing error estimation, especially given that ePDCCH is narrowband and it may experience narrowband interference from neighboring cells.

Note that such enabling can be done on a per UE basis. Depending on the number of eCCEs defined per PRB pair [1], if a UE uses two antenna ports for aggregation level 1, some eCCEs in the same PRB pair may be blocked from scheduling due to unavailability of a corresponding antenna port. However, this can be handled by eNB implementation.  Alternatively, one may also consider enabling PRG within a PRB pair only for aggregation levels 2 and above.
Therefore, we propose:

· Proposal 2: For localized ePDCCH, two antenna ports within a PRB pair can be enabled for a UE, similar to PRG in Rel-10.

3
Conclusions 

In this contribution, we discussed the usage of antenna port(s) for DM-RS based ePDCCH and propose:
· For distributed ePDCCH, precoding cycling within a PRB pair is supported by alternating the association of the eREGs of an ePDCCH in a PRB pair with each of the two antenna ports.

· For localized ePDCCH, two antenna ports within a PRB pair can be enabled for a UE, similar to PRG in Rel-10. 

· The enabling of two antenna ports for localized ePDCCH can be done on a per UE basis.
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