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1
Introduction
In Rel-11, an enhanced physical downlink control channel (EPDCCH) will be introduced. In RAN1#69, some details on association between DM-RS ports and EPDCCH transmission were agreed. In this contribution, we share our views on several remaining issues related to this topic.
2
Discussion
In RAN1#67, it was agreed that 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, where antenna ports 7-10 is/are used. It was later agreed that rank 1 EPDCCH is supported, while rank-2 SU-MIMO is not supported for a single blind decoding attempt and rank 3 and rank 4 EPDCCH is not supported for EPDCCH. 
In this contribution, we focus on the following design issues for DM-RS based EPDCCH:
· Should MU-MIMO for EPDCCH be supported? 

· Which two antenna ports should be used for distributed EPDCCH? How would the REs for a distributed ePDCCH be associated with the two antenna ports?
2.1
MU-MIMO for EPDCCH
It is difficult to manage MU-MIMO EPDCCH transmissions, especially from performance and reliability perspective. Two or more EPDCCHs 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 EPDCCH.  As a result, we propose:
· Proposal 1: MU-MIMO EPDCCH is not supported in Rel-11.
Note that Proposal 1 does not mean that MU-MIMO operation has to be explicitly excluded, instead it means that no control channel optimization should be targeted for MU-MIMO in Rel-11.  

2.2
Antenna Port Association for Distributed EPDCCH
In RAN1#70, it was agreed that:

· The group of REs defined in spatial diversity transmission is 1 RE

· When distributed transmission is used, spatial diversity is used and each RE in a given PRB pair belonging to a given DCI is associated by specification with one of two APs alternately following the eREG mapping (FFS which two APs)  

Generally speaking, there are two alternatives in selecting the two APs:

· Alt 1: 107 + 108, or
· Alt 2: 107+ 109
From performance perspective, the difference between Alt 1 and Alt 2 is minimal. However, Alt 1is more future proof, considering the possibility of integrating UE-specific search space of distributed EPDCCH with common search space, if supported in future releases, in the same PRB pair, where the DM-RS for the two types of search spaces can be FDM. As a result, Alt 1 is preferred.

Another issue is how to associate the two antenna ports with each RE. Generally speaking, there are two alternatives:

· Alt 1: cell-specific alternate association. 

· Alt 2: DCI-specific alternate association.

For Alt 1, each RE in a given eREG is alternately associated with one of the two antenna ports, regardless of the association of the eREGs in the same PRB pair with the actual DCI transmissions. As an example, assume 16 eREGs, 9 REs each, in a PRB pair. Antenna port 107 and antenna port 108 can be alternately associated with every 16 REs, where the REs are ordered in a frequency-first, time-second manner, i.e., 

· Antenna port 107:  REs 0-15, 32-47, 64-79, 96-111, 128-143

· Antenna port 108:  REs 16-31, 48-63, 80-95, 112-127

Such association is simple, but depending on the presence of other signals, the number of available REs associated with one antenna port may be much larger than the number of available REs associated with the other antenna port. Such imbalance may negatively impact performance of the distributed EPDCCH transmission.

For Alt 2, the association for the REs mapped to a given DCI can be specified based on the actual eREGs associated with the DCI. Instead of specifying antenna port association regardless of whether a RE is occupied by other signals or not, alternating antenna port association should be performed by excluding the REs occupied by other signals – and already considered by the UE to be excluded for the purposes of demodulation rate matching – in order to better balance the association for the two antenna ports. Note that while such association may be performed on a per eREG basis (of the REGs associated with the DCI), or on a per PRB basis (of the PRB pairs associated with the DCI), it is preferable to define the association alternately over all the available REs associated with the DCI. This would ensure a good balance between the two antenna ports is achieved. As an example, suppose a DCI is transmitted with two eCCEs, consisting of 8 REGs. However, among the 8*9 REs, assuming that only 50 REs are indeed available for the DCI, after discounting the REs occupied by other signals, the association can be specified as:
· Antenna port 107:  0, 2, 4, …, 48

· Antenna port 108:  1, 3, 5, …, 49

In summary, we propose:

· Proposal 2: The two antenna ports for distributed EPDCCH is 107 and 108. The association of antenna port for a DCI is alternated over all the REs available to the DCI (i.e., excluding the REs occupying by other signals). 

3
Conclusions 

In this contribution, we discussed a few remaining issues related to DM-RS based EPDCCH.  In particular, we propose:
· MU-MIMO EPDCCH is not supported in Rel-11.

· For distributed EPDDCH:

· The two antenna ports used are 107 and 108. 
· The association of antenna port for a DCI is alternated over all the REs available to the DCI (i.e., excluding the REs occupying by other signals and already considered by the UE to be excluded for the purposes of demodulation rate matching).
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