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1. Introduction

At the RAN WG1 #67 meeting, two types of mapping schemes, i.e., distributed and localized transmissions, for the ePDCCH were agreed upon. For the ePDCCH transmission, a downlink control information (DCI) message is transmitted replacing the PRB pairs for the PDSCH. Therefore, efficient utilization of the PRB pairs configured for the ePDCCH transmission is highly desired. At the RAN WG1 #69 meeting, multiple sets of PRB pairs for the ePDCCH, namely multiple ePDCCH sets, were proposed [1], [2]. In this contribution, we present the signaling aspect to configure multiple ePDCCH sets. 
2. Configuration of Multiple ePDCCH Sets 
For better resource utilization, configuring multiple ePDCCH sets to each UE was proposed [1]. Figure 1 shows the configuration of multiple ePDCCH sets. The same ePDCCH set (set #1) is configured for all the UEs and another ePDCCH set (set #2 or #3) is further configured for a group of UEs. Here, we call ePDCCH set #1 primary set and call ePDCCH sets #2 and #3 the secondary sets. In this configuration, the primary set is used for the ePDCCH transmission and a secondary set is used for the PDSCH when there are a few UEs. On the other hand, a secondary set would be used for the ePDCCH in a complementary way when there are many UEs. Detailed designs of multiple ePDCCH sets are presented in [1] and [3]. 
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Figure 1- Configuration of multiple ePDCCH sets.
The PRB pairs for multiple ePDCCH sets would be configured through higher layer signaling. When configuring multiple ePDCCH sets to each UE, a full flexible allocation of PRB pairs is highly desirable. Such a signaling scheme includes full bitmap signaling per set, or signaling of the PRB indices for each set, etc. For simplicity, full bitmap signaling is considered below. An example of bitmap signaling is shown in Fig. 1. Here, ‘1’ indicates the position of the PRB pair for the ePDCCH. Two sets of signaling are required per UE when two ePDCCH sets are configured to the UE. 
However, in a full flexible ePDCCH configuration, a problem with the PDSCH resource allocation exists as discussed at the last meeting. Here, we assume PDSCH resource allocation type 0 using the resource block groups (RBGs) as shown in Fig. 2. If a UE belonging to UE group #2 detects the DL assignment that allocates RBGs #1 and 5 to ePDCCH set #3, the UE does not know how many PRBs are available for the PDSCH. This is because the UE configured with set #3 does not know of the presence of set #2 configured to the other UEs. Therefore, it would be beneficial to inform the UE of the presence of the sets configured to the other UEs, i.e., the unavailable PRB pair for the PDSCH. More specifically, the PRB pair used as the secondary set to other UEs is indicated by “1, 1” as shown in Fig. 3. In this way, the UE knows the available PRB pairs for the PDSCH transmission. Furthermore, such a signaling that denies the UE the use of the PDSCH transmission is effective in facilitating the interference coordination for the ePDCCH in heterogeneous networks. We also note that although this signaling can alleviate the problem, there are still issues. For instance, the PRB pairs cannot be used even when they are not used for the ePDCCH transmission to other UEs. 
Proposal 1: Full flexible higher-layer configuration of multiple ePDCCH sets should be supported.
Proposal 2: Signaling to deny UEs the use of PRB pairs should be supported in order to alleviate the problem of PDSCH resource allocation and to facilitate interference coordination for the ePDCCH.
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Figure 2- PDSCH resource allocation scheduled by ePDCCH.
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Figure 3- Proposed signaling.

3. Conclusion

In this contribution, we presented the signaling aspect for configuring multiple ePDCCH sets. The proposal of this contribution is as follows.
Proposal 1: Full flexible higher-layer configuration of multiple ePDCCH sets should be supported.

Proposal 2: Signaling to deny UEs the use of PRB pairs should be supported in order to alleviate the problem of PDSCH resource allocation and to facilitate interference coordination for the ePDCCH.
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