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1. Introduction
At RAN1 #67, an important agreement was decided for the resource allocation and reference signal design of ePDCCH, which is list as follows,

· Both localised and distributed transmission of the enhanced control channel are supported

· 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
In this contribution, we give the analysis on antenna association of DM-RS antenna ports for UE specific precoding and transmit diversity schemes, respectively. 
2. Discussion
In the following, we assume the structure of an ePDCCH PRB pair is as in Fig.1.
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Fig.1 ePDCCH structure

One ePDCCH PRB pair consists of four eCCEs, with each one includes three OFDM subcarriers in the frequency domain and whole OFDM symbols, except PDCCH symbols in the time domain. Similarly to PDCCH, we assume that one ePDCCH candidate for aggregation level n contains n eCCEs. Antenna port 7-10 are used for ePDCCH demodulation. In the following sections, we will treat the antenna port association for the UE specific precoding and transmit diversity schemes, respectively.
2.1. Antenna Ports association for UE Specific Precoding
Two options exist for how to determine AP(s) to use for ePDCCH detection. The first (option 1) is that the UE is explicitly configured by higher layers with the antenna port to be used for demodulation [1]. The second (option 2) is that the REs used by the ePDCCH within a PRB pair determine the antenna port [2]. In either case, there could in principle be more than one antenna port candidate per resource but this would increase the number of blind decodes. The first option, in our opinion, could facilitate the orthogonal spatial reuse of resources and could potentially increase the ePDCCH capacity. However considering the restricted UE pairing with each semi-statically configured single antenna port, the capacity gain would be highly reduced. More sophisticated schemes could be proposed to increase the pairing flexibility [3], but it may need extensive evaluation and would significantly increase the standardisation effort. The scheme of implicitly determining antenna port REs used by the ePDCCH., does not have this drawback and should be supported on the basis of simplicity. 
Proposal 1: The antenna port for ePDCCH is implicitly determined by the REs used by the corresponding DCI message.
For the implicit antenna association, there are two further options, depending on how the search space is designed. Option 2a is that for a specific UE, the candidates with the same or different aggregation levels may use different antenna ports. The association between each decoding candidate and the antenna port could be fixed in a predefined manner or could be a part of the blind decoding process, both of which increase the UE receiving complexity. For example, if the pre-defined antenna port association for aggregation level 1 is shown in Fig.2 (a), and eCCE1 in an ePDCCH PRB pair is one of candidates for aggregation level 1, the UE will use port 8 for channel estimation. If eCCE 2 and eCCE 3 in this PRB pair is a candidate for aggregation level 2, as shown in Fig.2 (b), antenna port 9 is used for channel estimation
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Fig.2 Antenna port association for aggregation level 1 and 2
The other approach (option 2b), uses the same antenna port for the candidates of all the aggregation levels.  Depending on the search space design, there are two alternatives for aggregation level 1, 

· Alternative 1: The candidates consist of the same eCCE index in each PRB pair. One unified antenna port association scheme could be used, for example that in Fig.2 (a). 
· Alternative 2: The candidates consist of different eCCE indices in each PRB pair. The antenna association for each PRB pair for a specific UE could be different.
For higher aggregation levels, the candidates may be dependent on the configuration for lower aggregation levels. For example a hierarchical structure in [4], where the resource of the candidates of low aggregation levels are part of those for higher aggregation levels, the antenna port could be UE specifically determined based on the an eCCE index of aggregation level 1, regardless of which aggregation level is actually configured for  transmission to this UE. 
Through this design, the same antenna port is used for candidates at different aggregation levels within the same PRB pair, which could reduce the channel estimation complexity and simplify the UE receiving. Therefore we have the following proposal, 
Proposal 2: The same antenna port can be assumed for candidates at different aggregation levels, at least within the same PRB pair.
2.2. Antenna Ports for Transmit diversity
When accurate channel state information is not available at the eNB side, or an ePDCCH DCI is a target for reception by multiple UEs, it is difficult to achieve any gain by using precoding based on CSI feedback. In such cases a transmit diversity scheme, such as SFBC, could provide robust performance [5]. In order to have area splitting gain in CoMP scenario 4, or to facilitate the TxD transmission  using the new carrier type,  ePDCCH based on SFBC should still use DM-RS for channel estimation. In this case, the antenna ports are shared by multiple DCI messages to different UEs.
One issue here is how many antenna ports are used for TxD based ePDCCH. It was observed from [6][7] that there is marginal performance gain for ePDCCH with TxD with 4Tx antennas comparing with that with 2Tx antennas.  In our opinion, the performance of SFBC is partly related to other factors, for example which kind of interleaving is used for TxD based ePDCCH transmission, such as eCCE level interleaving or REG level interleaving. The determination of the maximum number of antenna ports for ePDCCH needs to jointly consider these factors. 

Proposal 3: The maximum number of antenna ports per DCI message with TxD on ePDCCH needs further study.

3. Conclusions
In this contribution, we give the analysis of the ePDCCH antenna port association for UE specifically precoding and transmit diversity scheme, respectively. Basically we have the following proposals,
Proposal 1: The antenna port for ePDCCH is implicitly determined by the REs used for the corresponding DCI message.

Proposal 2: The same antenna port can be assumed for candidates at different aggregation levels, at least within the same PRB pair.
Proposal 3: The maximum number of antenna ports per DCI message with TxD on ePDCCH needs further study.
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