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1. Introduction
In the current working assumption agreed in RAN1#66bis, ePDCCH is able to support beamforming and/or diversity. There have been proposed several ePDCCH transmission schemes that can achieve spatial diversity in the antenna domain. The proposals can be categorized as follows:
Alternative 1: Alamouti based scheme (e.g., SFBC) using multiple UE-specific RS ports

Alternative 2: RE-level precoder cycling where each ePDCCH RE is associated with a precoder by a pre-determined rule [1].

Alterative 3: Transparent precoder cycling where all the REs within a PRB pair (or an eREG/eCCE) are subject to the same precoder and the spatial diversity is achieved by applying different precoders to different PRB pairs (or eREG/eCCEs) [2].

This contribution provides the discussion on necessity of those three alternatives.
2. Discussion
Spatial diversity is necessary for the open loop operation where CSI is unavailable or unreliable at the transmitter; the closed loop operation outperforms the open loop operation if reliable CSI is provided. Thus, the discussion on the spatial diversity in ePDCCH should take into consideration the availability of CSI which is related to the transmission mode of the ePDCCH-configured UE.
As discussed in [3], it is expected that an ePDCCH-configured UE is configured with a PDSCH transmission mode which is based on UE-specific RS. The transmission modes 8 and 9 were developed with focus on the closed loop operation, i.e., under the assumption that reliable CSI is available at the eNB by means of the CSI feedback or the channel reciprocity. So, if Rel-11 does not define a proper open loop operation for PDSCH based on UE-specific RS ports, supporting a spatial diversity scheme for ePDCCH would not be meaningful. ePDCCH based common search space (CSS) may be one use case of the ePDCCH equipped with a spatial diversity scheme although there is no consensus on its necessity, but PDSCH transmissions related to DCI in CSS also require a proper transmission scheme that can achieve spatial diversity. One related issue is how to support fallback operation for an ePDCCH-configured UE because CSI may not be reliable during the fallback operation. As discussed in [5], the most important use case of the fallback operation of an ePDCCH-configured UE is switching the UE’s control channel from one ePDCCH configuration to another ePDCCH configuration or legacy PDCCH according to the UE’s movement mobility. Assuming that an ePDCCH needs to monitor legacy PDCCH (e.g., by monitoring the legacy PDCCH in some subframes) in order to support seamless switching in such cases, it is reasonable to support all the fallback operation based on legacy PDCCH. The capacity of legacy PDCCH would not a problem because the fallback operation will not happen frequently. Based on this discussion, we suggest that spatial diversity for ePDCCH is introduced only after proper PDSCH operations (including transmission schemes as well as CSI feedback schemes) are defined based on UE-specific RS.
Proposal 1: A spatial diversity scheme is introduced for ePDCCH only after proper open loop PDSCH operations (including transmission schemes as well as CSI feedback schemes) are defined in the transmission modes based on UE-specific RS.
It needs to be noted that Alternative 3 could be totally transparent to the UE if only one antenna port is used within a PRB pair. However, it may not be transparent to the UE if multiple antenna ports are used, for example, if two eCCEs are located in the same PRB pair but demodulated with different antenna ports with different precoder selection. This is because, in case of the localized transmissions, it is beneficial to do some additional handling for the two eCCEs locating in a PRB pair. For example, the two eCCEs can be demodulated with a single antenna port to improve the channel estimation performance [6]. So, if the spatial diversity needs to be achieved in Alternative 3 even within a PRB pair, it should be differentiated from the operation for the localized transmissions, e.g., by means of higher layer indications.

If a spatial diversity scheme is adopted accompanied with proper PDSCH operations, it should be comparable to the legacy PDCCH in terms of the performance. It is well known that Alternative 1 is outperforms any other schemes and this was observed in [4]. An issue has been raised in supporting Alternative 1 due to the difficulty in pairing REs to make a SFBC block in the presence of other signals. However this issue can be easily resolved by a proper handling (e.g., all eight REs corresponding to the eight-port CSI-RS configuration are unavailable for ePDCCH as in R-PDCCH). As a UE is already equipped with a receiver for SFBC transmitted in the PDSCH region, the required implementation impact would be marginal.
Proposal 2:  If a spatial diversity scheme is introduced for ePDCCH, SFBC is adopted with a proper handling on the RE mapping.
3. Conclusion
We discussed in this contribution the necessity of a spatial diversity scheme for ePDCCH. The following proposals were made based on the discussion.
Proposal 1: A spatial diversity scheme is introduced for ePDCCH only after proper open loop PDSCH operations (including transmission schemes as well as CSI feedback schemes) are defined in the transmission modes based on UE-specific RS.

Proposal 2:  If a spatial diversity scheme is introduced for ePDCCH, SFBC is adopted with a proper handling on the RE mapping.
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