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1. Introduction
At RAN1#70, the following agreement was achieved-
· 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)  

In this contribution, we give our views on which two APs can be used for distributed ePDCCH transmission.
2. Antenna port association for distributed ePDCCH
For a distributed ePDCCH, two antenna ports are used to provide spatial diversity even within one PRB pair. In our view, which two antenna ports can be used depends on what kind of ePDCCHs are multiplexed within that PRB pair. If a set of PRB pairs are allocated with only distributed ePDCCHs multiplexed within them, predefined antenna ports (7, 9 or 8, 10) can be used for all the eREGs within each PRB pair. Choosing two antenna ports from different CDM groups avoids the power splitting that would be incurred when using only one CDM group. However, if both distributed and localized ePDCCHs are multiplexed within a set of PRB pairs, predefining antenna ports may not be a good approach since it will permanently block the localized ePDCCHs which are also associated with the same predefined antenna ports. Even if a distributed ePDCCH can be forced to use the same antenna port (beamforming) as that of a multiplexed localized ePDCCH, degree of freedom will be lost in terms of being able to independently choose random beamforming. Therefore, antenna port association implicitly determined by eCCE positions seems more appropriate for a PRB pair with both distributed and localized ePDCCHs multiplexed within it. 
Figures 1~3 are given for illustration in a normal subframe. Fig.1 shows the logical eREG/eCCE division within one PRB pair. Physically it can be achieved by e.g. mapping 16 REs cyclically in a frequency first and then time manner, REs with the same index constitute an eREG, and an eCCE is composed of 4 discontinuously numbered eREGs. 
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        Fig.1 eREG/eCCE division within on PRB pair
Based on this, Fig.2 and Fig.3 illustrate two different antenna port association patterns. In Fig.2, two antenna ports (p7, p9) are used within a PRB pair. Each RE within an eREG is alternatively associated with p7 or p9, while Fig.2 just shows this at a logical level. By using antenna ports 7, 9, there is no power halving issue when an eREG is used for distributed transmission. As shown in Fig.3, four antenna ports are used within a PRB pair, and each eREG is associated with 2 CDM multiplexed antenna ports. This is not desirable for pure distributed ePDCCH transmission since the power per port will be anyway reduced by half. However, this is preferable for multiplexing distributed and localized ePDCCHs within one PRB pair. For instance, if eCCE1 is used as an aggregation level 1 localized ePDCCH which is associated with p8, the eREGs within eCCE0 will share p8 with eCCE1 and thus use the same beamforming. Anyway beamforming on p7 can be independently chosen, e.g. orthogonal to p8, and thus there is still one degree of freedom available. As for eCCE2 and eCCE3, they can even be used together for MU-MIMO transmission of aggregation level 2 localized ePDCCHs. 
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         Fig.2 Antenna port association pattern 1                 Fig.3 Antenna port association pattern 2
3. Relationship with search space of distributed ePDCCH

In the last meeting, it was agreed that ePDCCH sets are configured for the UE-specific search space. Though no further agreements have been achieved, many companies have proposed to configure multiple ePDCCH sets for distributed ePDCCH, and one of which serves as a common ePDCCH set [1]-[5]. The common ePDCCH set will be monitored by all the UEs, and used only for distributed ePDCCH multiplexing. To reduce resource wastage, the other ePDCCH sets can multiplex localized ePDCCHs, and might only be used when blocking occurs in the common ePDCCH set. This seems to be a reasonable way to gain resource efficiency, especially under the conclusion that no ePCFICH is introduced in Rel-11. Also it is future-proof against the possibility that eCSS is introduced in later releases. As analyzed before, for the common ePDCCH set where only distributed ePDCCHs exist, it seems better to use antenna port association pattern 1 shown in Fig.2, which avoids port power halving issues and thus guarantees distributed ePDCCH performance as far as possible. For the other ePDCCH sets, in one approach, the antenna port association pattern 2 shown in Fig.3 can be assumed by default, which will provide the most flexibility to multiplex both distributed and localized ePDCCH within one PRB pair; in another approach, the eNB further decides whether an ePDCCH set can be used for multiplexing distributed and localized ePDCCHs, correspondingly the antenna port association pattern can be configured semi-statically for each ePDCCH set. Considering different requirements for distributed ePDCCH transmission, we give the following proposal.
Proposal:  Define two different antenna port association patterns for distributed ePDCCH. If any configuration is needed, semi-static configuration should be used.
Fig.4 shows antenna port associations in different ePDCCH sets for distributed ePDCCH transmission. As one example, PRB pairs within the common ePDCCH set deploy pattern 1, while PRB pairs in other UE-specific ePDCCH sets use pattern 2 (or can be configured). 
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Fig. 4 Antenna port association for distributed ePDCCH
4. Conclusions
In this contribution, we share our views on antenna port association for distributed ePDCCH. We found that one uniform of antenna port association is not enough to cope with different scenarios for distributed ePDCCH transmission. Therefore we give the following proposal:
Proposal:  Define two different antenna port association patterns for distributed ePDCCH. If any configuration is needed, semi-static configuration should be used.
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