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1 Introduction
For ePDCCH transmission, it was agreed to support both localized and distributed transmissions. At the RAN1#68bis meeting, there was some discussion about whether localized and distributed transmissions of ePDCCH should be multiplexed together, or if some PRB pairs should be reserved for either localized or distributed transmission. In this contribution, we provide our views on this issue.
2 Need of multiplexing localized and distributed transmission in one PRB pair
2.1 Support for both distributed and localized transmissions
For the ePDCCH, it was agreed to support both localized and distributed transmissions. For localized transmissions, the eNB needs to know the CSI so that beamforming and scheduling gains can be achieved. However, when CSI is unavailable or not accurate enough to enable beamforming gains, it is better to switch to distributed transmissions for capturing frequency diversity gain and possibly spatial diversity gain. On a subframe, there will possibly some users with localized transmissions while others with distributed transmission. The question then is how to multiplex these two transmission modes. Two options are possible:
· Option 1: a localized and distributed ePDCCH cannot occupy the same PRB pair
· Option 2: a localized and distributed ePDCCH can occupy the same PRB pair

Our views on this issue are in the following sections. 
2.2 On the need to monitor both localized and distributed transmissions for USS in the same PRB pair
If a UE is capable of monitoring both localized and distributed transmissions, eNB can select the best transmission mode (localized or distributed) for that UE. However, having the UE search both localized and distributed transmissions in the UE-specific search space would either significantly increase the maximum number of blind decodes a UE needs to perform, or reduce the number of PRB pairs in the search space for a given number of blind decodes. Significantly increasing the number of blind decodes is not desirable from a complexity perspective. Reducing the number of available PRB pairs in the search space may cause problems since there are now fewer possibilities to use the best candidate in the search space. For instance, if localized transmissions were used, with fewer choices to select the best PRB pair, the beamforming and scheduling gain will, on average, be reduced. Thus, it is better not to have the UE searching for both localized and distributed transmissions in the UE-specific search space.
One solution is to have the UE always search for candidates assuming distributed transmissions for some aggregation level (e.g., 8). It has to be noted however, that for some UEs which are far away from the eNB, using beamforming on the ePDCCH is highly beneficial because these UEs need the beamforming gain the most. While obtaining reliable feedback for such users might sometimes be an issue, it should at least be feasible for stationary UEs.

One advantage of having the UE looking for candidates with distributed transmission is for reliability: if the UE were in favourable conditions for localized transmission, but e.g., is accelerating, the CQI information might become outdated, thus resulting in incorrect beamforming gain. There is a risk of having the UE not reliably decoding the ePDCCH. However, as discussed in [2] in such a case, the UE might fall back, either to the ePDCCH Common Search Space (CSS), if present, or to the PDCCH common search space. Thus, there does not seem to be any compelling advantage of having the UE monitoring for both distributed and localized transmissions in the UE-specific search space. Having a UE switching between monitoring localized or distributed transmissions can be done using semi-static signalling [1].
· Proposal: The UE is configured by RRC signalling to monitor either localized only or distributed only ePDCCH candidates in the UE-specific search space
The UE monitors only one transmission mode of ePDCCH candidates in its USS in one subframe, thereby the multiplexing of localized and distributed transmission modes for USS in one PRB pair is not supported. Because the existence of CSS for ePDCCH is FFS, there is no further discussion for CSS in this contribution.
· Proposal: The UE monitors either localized ePDCCH or distributed ePDCCH in one PRB pair in the UE-specific search space
2.3 Multiplexing between localized and distributed modes from eNB perspective
Given that the characteristics of these two modes are very different, the search space structure for localized transmission might be quite different than for distributed transmission. Consequently, it might be better to have the eNB using one set of PRBs (or subframes) for distributed transmissions, and another set for localized transmissions. This might be desirable, especially considering that localized and distributed transmissions are quite different in nature, and may benefit from using a different design.

· Observation: localized and distributed transmissions are quite different in nature, and may benefit from using different designs.
On the other hand, from an eNB perspective, the search space for a UE receiving distributed transmissions might overlap with the one using localized transmissions. In order to maximize resource efficiency, it could be beneficial to multiplex both modes in the same PRB pair. However, as noted before, the eNB may decide to reserve some subframes for localized transmissions, and some for distributed transmissions. Consequently, the resource efficiency can be easily optimized. Therefore, we do not see significant benefits in multiplexing both localized and distributed transmissions in the same PRB pair. If such a multiplexing can be achieved, there is a benefit for scheduling at the eNB. However, in our view, it is up to eNB implementation for such a multiplexing, and the system should not be specifically designed to support such a multiplexing.

· Proposal: From eNB perspective, it is an implementation issue for multiplexing localized and transmissions in the same PRB pair in the UE-specific search space.
3 Conclusion
In this contribution, our views on whether to multiplex localized or distributed transmissions in one PRB pair were presented. Our proposals and observations are as following:
From the UE perspective, we propose:

· The UE is configured by RRC signalling to monitor either localized only or distributed only ePDCCH candidates in the UE-specific search space
· The UE monitors either localized transmissions or distributed transmissions in one PRB pair in the UE-specific search space

From the eNB perspective, it was observed that:

· Localized and distributed transmissions are quite different in nature, and may benefit from using different designs.
Based on this observation, the following is proposed:

· From eNB perspective, it is an implementation issue for multiplexing localized and distributed transmissions in the same PRB pair in the UE-specific search space.
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