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1
Introduction
It has been agreed that the associated antenna port for EPDCCH demodulation is defined as a function of eCCE index in localized transmission while RE level antenna port association within an eREG is used for distributed transmission. The followings are the agreements RAN1 reached in RAN1 #69 and #70 meetings [1]-[2]:

Agreement in RAN1 #69:

· 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.

· FFS whether a second AP with the same precoding as the one AP may be configured. 

· Working assumption that the association from eCCE index of different DCIs to AP is a one-to-one mapping for normal CP

· A many-to-one mapping can be considered further

· Consider both normal and extended CP

· Note that details are FFS for the case of only 2 ports being configured in the system

· Note that if it is agreed that the size of a group of REs for the spatial diversity scheme is smaller than a PRB pair, then the above is not applicable if the spatial diversity scheme is used. 

Agreement in RAN1 #70: 

· 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 discuss on the remaining issues related to antenna port association for EPDCCH.

2
Remaining antenna port association issues
It has been agreed that the associated antenna port is implicitly configured according to the eREG/eCCE time-frequency location, for instance, eCCE index and/or RE index in an eREG so that a UE may know which antenna port needs to be used for demodulation when it attempts to decode EPDCCH candidates irrespective of the types of EPDCCH transmission. As for the localized EPDCCH transmission, given that eCCE index is associated with an antenna port, multiple antenna ports within a PRB pair may be associated for an EPDCCH candidate assuming that aggregation level is higher than one. Since the localized EPDCCH transmission is targeted for a UE being configured with closed-loop transmission, a single antenna port would be enough to achieve beamforming gain. Therefore, it has been also agreed that a single antenna port will be selected among the associated antenna ports if more than one antenna port is associated for an EPDCCH candidate within a PRB pair on top of the eCCE index based antenna port association. However, the antenna port selection rule has not been decided yet and remained open for further decision.

The single antenna port selection among the associated antenna ports with a UE-specific configuration may be defined by implicit indication or explicit indication. As for the implicit indication, the C-RNTI may be used to select one antenna port among the associated antenna ports. This allows multi-user scheduling of EPDCCHs with orthogonal DM-RS as long as the selected antenna port is not the same for the co-scheduled UEs. As for the explicit indication, a UE-specific RRC signaling may be used to indicate which antenna port needs to be selected among the associated antenna ports. Although the explicit indication may provide more flexible antenna port allocation to support MU-MIMO transmission, the benefit seems to be quite limited as long as the explicit indication is not supported in dynamic antenna port allocation manner. Also, the opportunity for EPDCCH MU-MIMO transmission could be also very limited unless EPDCCH specific CSI feedback is supported. Therefore, C-RNTI based antenna port selection seems to be enough to support MU-MIMO transmission while avoiding unnecessary signaling overhead.
Proposal-1: A single antenna port among the associated antenna ports is selected based on C-RNTI.

As seen in the agreements, the associated antenna ports for distributed EPDCCH transmission are configured according to the RE location within an eREG so that spatial diversity gain may be achieved within an eREG. On the other hand, wideband beamforming gain for distributed EPDCCH transmission couldn’t be supported anymore. From the previous studies [3], we have observed that wideband beamforming for EPDCCH distributed transmission outperforms legacy PDCCH in all cases. Due to the uplink feedback overhead, a network in many cases relies on periodic CSI resporting (PUCCH based reporting modes) and the periodic resporting modes mostly support wideband CQI/PMI. Given that there is no subband CQI is available at the transmitter in many cases, wideband beamforming of distributed EPDCCH transmission seems to be the best solution which could be used for majority number of UEs. Therefore, wideband beamforming of distributed EPDCCH should be supported in distributed EPDCCH transmission which will be widely used in most of scenarios.
In order to support the wideband beamforming for distributed EPDCCH, eREG index based antenna port association may be introduced so that an eNB may configure a transmission scheme for distributed EPDCCH between spatial diversity scheme and wideband beamforming scheme.
Propsoal-2: the antenna port associated with the eREG index for distributed EPDCCH transmission should be supported additionally.

3
Conclusions

In this contribution, we discussed on the remaining antenna port association issues. From the discussions, we propose followings:
Proposal-1: A single antenna port among the associated antenna ports is selected based on C-RNTI.

Propsoal-2: the antenna port associated with the eREG index for distributed EPDCCH transmission should be supported additionally.
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