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1 Introduction

In last RAN1 meeting, several contributions discussed DM-RS antenna port association with ePDCCH transmission, and made the following agreement [1].

· At least for localised transmission, the antenna port(s) for ePDCCH is/are determined by a combination of:

· implicit determination from the time-frequency locations of the REs used by the corresponding DCI message, and 

· a UE-specific configuration 

· FFS till RAN1#69 what the configuration comprises (e.g. RRC signalling, UE ID, etc)

· FFS till RAN1#69 whether this applies to distributed transmission

In this contribution, we express our view on the details of association between antenna ports and ePDCCH transmission. 
2 Discussion

The main motivations for having implicit determinations of antenna port associations are:

· Scheduling flexibility and thus avoiding antenna port blocking

· Reduced signaling overhead
However, complete implicit determination of antenna ports increases UE implementation complexity due to increased number of channel estimations. It should be also noted that ePDCCH decoding delay due to FDM multiplexing with PDSCH is concern for some UE implementations and RAN1 is to further study on restricting TBS to ease UE implementations. Therefore, RAN1 agreed the hybrid approach where implicit determinations with UE-specific configuration for antenna port associations. It is argued that search space design could be designed such that the number of channel estimation process could be reduced or limited to reduce UE implementation complexity. This also had been discussed in [2-4]. 
Proposal 1: We propose to consider channel estimation for ePDCCH demodulation shall be on per PRB-pair basis irrespective of the antenna port association and partitioning of ePDCCH resource elements.
· UE shall perform channel estimation for maximum of 2 antenna ports for any aggregation levels.    

· Support for PRB bundling is FFS. 
The implicit antenna port association is linked with eCCE index. However, the number of eCCE per PRB pair is not yet agreed. We assume in this contribution 4 eCCE per PRB-pair. We think the following two options shown in Figure 1 to be further considered.  In both options, antenna port is linked with UE search space, which might implicitly defined based on UE ID (such as RNTI) and sub-frame number. 
· Option-I: UE is expected to perform channel estimation for only 1 antenna port per PRB pair
· Antenna port association could change with sub-frame number.
· However, there is still antenna port blocking issue.
· Option-II: UE is expected to perform channel estimation for at most 2 antenna ports per PRB pair
· Antenna port association could change with sub-frame number 
· Antenna port blocking is reduced, but not eliminated. 
· It should be noted that Rel-10 UE performs channel estimation for 2 ports per PRB pair in 2 layer PDSCH transmission. Thus, there is no significant implementation complexity. 
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Figure 1: Antenna port associations
RAN1 has not agreed on the details of search space design. Our view on search space design is discussed in [5]. Basically, we think PDCCH search space design principles shall be adopted for ePDCCH. In particularly, the search space candidates and search space could be implicitly defined for UE for both localized and distributed transmission. Figure 2 shows an example search space for Option-1 and Option-2. 

Proposal 2: We proposed to consider the details of antenna port association after finalizing search space design aspects. 
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Figure 2: Example search space design for antenna port associations 
3 Conclusion

We presented our views on DM-RS antenna port associations with ePDCCH transmission, and we propose the following: 

Proposal 1: We propose to consider channel estimation for ePDCCH demodulation shall be on per PRB-pair basis irrespective of the antenna port association and partitioning of ePDCCH resource elements.
· UE shall perform channel estimation for maximum of 2 antenna ports for any eCCE aggregation levels.    

· Support for PRB bundling is FFS. 
Proposal 2: We proposed to consider the details of antenna port association after finalizing search space design aspects. 
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