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1. Introduction

Significant progress has been made on EPDCCH in RAN1 70. The most critical agreements for antenna ports association up to RAN1 70 are re-caped as below [1] [2]:
· In localized allocation, each eCCE index is associated by specification with one antenna port 

· In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs and used for ePDCCH demodulation

· FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule.
· 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)
Furthermore, EPDCCH set is defined in RAN1 70 for EPDCCH search space design:
· An ePDCCH set is defined as a group of N PRB pairs

· Working assumption: N = {1 for localised (FFS), 2, 4, 8, 16 for distributed (FFS), …} 

· A distributed ePDCCH is transmitted using the N PRB pairs in an ePDCCH set

· A localized ePDCCH shall be transmitted within an ePDCCH set

· FFS whether a localised ePDCCH can be transmitted across more than one PRB pair

· K ≥ 1 ePDCCH sets are configured in a UE specific manner

· Maximum number for K is selected later among 2, 3, 4, and 6
· The K sets do not have to all have the same value of N

· PRB pairs of ePDCCH sets with different logical ePDCCH set indices can be fully overlapped, partially overlapped, or non-overlapping.

Since per RE precoding cycling is newly agreed in RAN1 70, the antenna ports association rules for distributed EPDCCH need to be updated accordingly. Additionally, different EPDCCH sets (may have different localized and distributed configuration) can be overlapped with each other. Thus the antenna ports association rules for distributed EPDCCH should also consider all possible configurations. This contribution suggests having single antenna ports association rule for distributed EPDCCH transmission which can work for different configurations of EPDCCH sets.
2. AP association for distributed EPDCCH transmission
Since per RE precoder cycling is agreed in RAN1 70, each EREG of one distributed EPDCCH transmission requires two APs for demodulation. 
When localized EPDCCH set and distributed EPDCCH set are fully or partially overlapped, at least one PRB pair contains both localized ECCEs and EREGs of distributed EPDCCH transmission. Since AP association for localized ECCE depends on the RE positions of the ECCE within one PRB pair, the same rule can be applied to determine the first AP of distributed transmission. And standardization effort is only needed to determine the second AP.

The simplest rule to determine the second AP could be just to select the AP within the same CDM group as the first AP.

Several examples are shown in Fig.1. Fig.1(a) shows the AP association rule for localized EPDCCH; In Fig.1(b), UE should select two APs to demodulate the REs belonging to “D_Resource AP8&7”. The first one is AP8, which is selected following localized association rule. The second one is AP7 which is in the same CDM group as AP8. Since AP7 is also used to transmit another localized DCI, it is shared by two DCIs for demodulation. In order to effectively achieve spatial diversity for per RE precoder cycling, eNB should apply the precoder to AP8 as orth(WAP7), where WAP7 stands for the precoder applied on AP7 for localized EPDCCH transmission. Other examples are illustrated in Fig.1(c) and Fig.1(d) assuming different localized and distributed ratio in one PRB pair.
Proposal 1): When distributed EPDCCH transmission is used, one EREG is implicitly associated with two APs.
Proposal 2): The first AP is determined by the same RE to AP association rule of aggregation level one localized EPDCCH transmission. The second AP is in the same CDM group as the first AP.
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Fig.1, AP association assuming localized and distributed EPDCCH sets are overlapped with each other
3. Distributed EPDCCH set
In section 2 we design the AP association rules assuming distributed EPDCCH set may overlap with localized EPDCCH set. With the rules defined in section 2, spatial diversity can be achieved for distributed EPDCCH without jeopardizing the closed loop beamforming gain of localized EPDCCH.
When one distributed EPDCCH set does not overlap with any other localized EPDCCH sets, there may exist different options to design the AP association rules though the AP association rules defined in section 2 for distributed EPDCCH is still applicable.
The potential alternatives to the rules defined in section 2 can be to only use two APs for all the EREGs in one PRB pair, e.g. {7, 9}. And the argument can be channel estimation accuracy since the transmit power for RS can be doubled.

But we should keep in mind though having one EREG associated with two APs is adopted because of per RE precoder cycling, nothing prevents eNB from implementing closed loop beam forming by setting the same precoder to both APs. As we have simulated in system level [3], one of the two advantages of EREG size 9 compared to EREG size 4 is opportunistic closed loop beamforming. Thus the main cost to only use AP {7, 9} is it will further compromise the opportunity of closed loop beamforming.
Fig.2 shows the example to reuse the same AP association rules defined in section 2 when one distributed EPDCCH set doesn’t overlap with any localized EPDCCH sets. The REs in blue region are associated with AP 7&8 alternatively and the REs in red region are associated with AP9&10 alternatively.
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Fig.2, AP association for one distributed EPDCCH set without overlapping with any localized EPDCCH set
4. Conclusion
In this contribution, we discussed the AP association rule for distributed EPDCCH transmission when two ports per RE precoder cycling is applied. One single association rule is desired for different EPDCCH set configurations. Thus we propose the below AP association rules for distributed EPDCCH:
Proposal 1): When distributed EPDCCH transmission is used, one EREG is implicitly associated with two APs.

Proposal 2): The first AP is determined by the same RE to AP association rule of aggregation level one localized EPDCCH transmission. The second AP is in the same CDM group as the first AP.
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