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1. Introduction
Several open issues on EPDCCH design were identified during RAN1#70bis. This contribution discusses the following points:
· Scrambling of EPDCCH encoded bits 
· EPDCCH search space configuration considering cross-carrier scheduling
2.  EPDCCH Scrambling Sequence initialization
It was agreed that EPDCCH scrambling sequence is UE-specific and the remaining issue is whether to use the virtual cell ID or an RNTI. Basically it is preferable to use the virtual cell ID because it enables the UE to reuse the DCI scrambling sequence of PDCCH which is based on the physical cell ID. In other words, the EPDCCH scrambling sequence is simply obtained by replacing the physical cell ID with the virtual cell ID as in the following equation:
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Here, the DMRS scrambling parameter 
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 is used as the virtual cell ID.

However for localized EPDCCH transmission, EPDCCH scrambling sequence based on C-RNTI can give some benefit to EPDCCH MU-MIMO operation such that multiple EPDCCHs with different scrambling can be spatially multiplexed in the same EPDCCH resource. If its benefit is justified, the following EPDCCH scrambling sequence initialization can be considered for the localized EPDCCHs:
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3.  Consideration of Cross-carrier Scheduling in Carrier Aggregation
According to current decisions on EPDCCH search space set parameter, all those parameters are configured and valid per component carrier by higher layer signaling. Seemingly this seems quite reasonable for non-cross carrier scheduling (self-component carrier scheduling) in that each component carrier carries PDSCH scheduled by EPDCCH in the same carrier. On the other hand, the support of cross-carrier scheduling in EPDCCH is not clear at this stage as questioned in [3].
Basically, it is not desirable to limit the application of EPDCCH to the self-scheduling case. One motivation of EPDCCH is to increase the control channel capacity, and it is quite clear that cross-carrier scheduling requires more control channel resources. Thus, EPDCCH can be used as a solution to provide additional control capacity which is required to support cross-carrier scheduling.
One consideration point in supporting cross-carrier scheduling in EPDCCH is that more EPDCCH resources may be needed when compared to the self-scheduling case. The EPDCCH resources are reserved in terms of K EPDCCH sets, each of which consists of Nk PRB pairs, so more EPDCCH resources can be reserved by increasing either the number of EPDCCH sets (K) or the number of PRB pairs of each EPDCCH set (Nk). Between the two possibilities, it is preferable to increase K in case of cross-carrier scheduling because this approach enables to reuse the EPDCCH configuration framework of the self-scheduling case. For example, assuming that two component carriers are aggregated and cross-scheduled from a single component carrier, the eNB can configure two EPDCCH parameter sets, one for the search spaces delivering DCIs for each component carrier. Here, each EPDCCH parameter set can have exactly the same format as that for the self-scheduling case; for example, each EPDCCH parameter set can contain up to two EPDCCH sets which means that there can be four EPDCCH sets in the scheduling component carrier as illustrated in Figure 1. An additional benefit of this approach is that it becomes easy to adapt the EPDCCH search spaces to the carrier aggregation configuration. For example, when the eNB activates/deactivates one of the aggregated component carriers, the search spaces of the other component carriers are unaffected. For another example, when two aggregated component carriers have different TDD UL/DL configurations, the EPDCCH sets for a component carrier can be automatically deactivated and allocated to PDSCH in some subframes where no DL assignment or UL grant is to be transmitted to the component carrier.
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Figure 1. An illustration of cross-carrier scheduling by EPDCCH.

4. Conclusion

Proposal#1: EPDCCH scrambling sequence is generated from the DMRS scrambling parameter
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. Additional use of C-RNTI can be considered for localized EPDCCHs.
Proposal#2: It is supported to do cross-carrier scheduling by EPDCCH. Up to two EPDCCH sets are configured for search spaces delivering DCIs for each component carrier.
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