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Discussion/Decision
1
Introduction
In RAN1 #69, three way forwards [1]-[3] regarding antenna port association according to the ePDCCH transmissions were proposed and RAN1 reached a couple of agreements and working assumptions related to antenna port association for both localized and distributed transmissions as capured in the RAN1 chairman’s notes as following [4]:
Agreement:

· 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. 

Working Assumption:

· In distributed allocation, at least if spatial diversity is used, each eREG/RE index is associated by specification with one antenna port 

· The associated AP for each used eREG/RE is used for ePDCCH demodulation

· If it is agreed that the size of a group of REs for the spatial diversity scheme is larger than an eREG, then it is FFS whether the antenna port can be the same for multiple eREGs within a PRB pair.

For further progress on the antenna port association, in this contribution, we discuss on the remaining details of antenna port mapping with eREG and/or eCCE index according to the ePDCCH transmissions. 
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Discussions
In general, it has been agreed that the associated antenna port is defined according to the eREG/eCCE location implicitly so that a UE may know which antenna port needs to be used for demodulation when it attempt to decode ePDCCH irrespective of the ePDCCH transmissions. Based on these agreements, additional antenna port selection step among the associated antenna ports within a PRB-pair is included for localized transmission as a single antenna port could be enough within a PRB-pair for localized transmission considering that the localized transmission relies on beamforming gain rather than spatial diversity gain so that a single beam might be enough. Also, selecting one antenna port may provide better channel estimation performance and reduced channel estimation complexity. However, the antenna port selection rule is not decided yet and open for further decision.

The 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 ePDCCH multi-user MIMO transmissions with orthogonal DM-RS as long as the selected antenna port is not same for the co-scheduled UEs. As for the explicit indication, 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 considering that there will be no ePDCCH specific CSI feedback. Therefore, C-RNTI based antenna port selection seems to be enough to support MU-MIMO transmission while avoiding unnecessary signaling overhead.
Proposal-1: one antenna port among the associated antenna ports is selected based on C-RNTI.

As seen in the working assumption for distributed transmission, the associated antenna port is defined with eREG index. In general, the distributed transmission is used for the UEs suffering from high Doppler frequency or having wideband CSI reportings since there are no available CSI for frequency selective scheduling.

Since multiple eREGs may share the same antenna port within a PRB-pair, UE-specific beamforming may not be supported with this eREG index based antenna port mapping, thus resulting antenna port blocking if wideband beamforming needs to be supported, the requiring UE-specific antenna port configuration to support wideband closed-loop beamforming with distributed allocation. On the other hand, this approach works well for the UE with available CSI at the transmitter since the spatial diversity may be exploited and random beamforming could be used for the shared antenna port. Given that two types of UEs need to be supported with distributed transmission, if only one approach could be used, the spatial diversity should be prioritized high as the distributed transmission should provide robustness.
Propsoal-2: the antenna port associated with an eREG is determined by the eREG index for distributed transmission.
As a remaining issue, multiple eREGs may be located within a PRB-pair for a specific UE as the number PRB pair for ePDCCH could be limited. In this case, two alternatives may be considered such as selecting one antenna ports among the associated antenna ports as the same as localized transmission and keeping the multiple antenna ports in its ePDCCH demodulation according to the eREG index. The former allow reduced channel estimation complexity while losing some spatial diversity gain and the latter provides better spatial diversity gain with the increased channel estimation complexity. Considering that the ePDCCH distributed transmission should provide robustness, it seems to be a proper choice to keep the multiple antenna ports within a PRB-pair although multiple antenna ports need to be estimated.
Propsoal-3: antenna port selection is not used when multiple eREGs for a UE are located within a PRB-pair.
3
Conclusions

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

Propsoal-2: the antenna port associated with an eREG is determined by the eREG index for distributed transmission.
Propsoal-3: antenna port selection is not used when multiple eREGs for a UE are located within a PRB-pair.
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