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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. At the previous RAN WG1 meetings, resource mapping schemes for the ePDCCH were intensively discussed for both distributed and localized transmissions. The necessity for distributed transmission was described in [1] and [2] since an ePDCCH transmission should be robust against variant propagation channels. On the other hand, it was pointed out that distributed transmission causes inefficient resource utilization in some cases [3], [4], and [5]. In this contribution, we first clarify the number of PRB-pairs required for the ePDCCH using distributed transmission from the viewpoint of diversity order. Then, we propose defining an ePDCCH set in order to avoid the problem of resource inefficiency. 
2. Number of PRB Pairs for ePDCCH 
For the ePDCCH transmission, a UE is configured with a set of physical resource block (PRB)-pairs via higher-layer signaling. The UE is also configured with some other information such as a transmission scheme. Then, the downlink control information (DCI) is mapped to one or a few PRB pairs for localized transmission, or over multiple PRB-pairs for distributed transmission. For localized transmission, the number of PRB pairs to be occupied by the DCI would be one or two depending on the aggregation level. On the other hand, for distributed transmission, all the configured PRB pairs are likely to be used to achieve fully the frequency diversity gain even for a low aggregation level. Therefore, mapping the DCI over all the PRB pairs causes inefficient resource utilization particularly when there are only a few DCIs for ePDCCH transmission. To avoid this problem, it is beneficial to limit the number of PRB pairs [5], [6]. By limiting the number of PRB pairs to some value, the impact of inefficient resource utilization can be minimized while a large degree of frequency diversity gain is still achieved. In terms of such a limit, several papers suggested that the diversity order of at least four is required to achieve a comparable level of diversity order with that for the legacy PDCCH. Moreover, since 16 control channel elements (CCEs) are reserved using four PRB pairs based on the resource mapping scheme [7], the impact from inefficient resource utilization can be minimized. 
Proposal 1: 
· For mapping of the ePDCCH, the number of PRB pairs should be limited to four.
· The ePDCCH set is defined as a set of four PRB pairs for mapping of the ePDCCH.
3. Configuration of ePDCCH Set

When a mapping of the ePDCCH is limited to four PRB pairs, i.e., an ePDCCH set, this may not be sufficient from the viewpoint of the PCCCH capacity. To ensure the PDCCH capacity, the following alternatives are considered.
Alt. 1: Configure one ePDCCH set for a UE
Alt. 2: Configure multiple ePDCCH sets for a UE
Figure 1 shows an example of Alt. 1 when each UE is configured with one ePDCCH set. In Alt. 1, each UE monitors only one configured ePDCCH set. The same ePDCCH set is shared by multiple UEs for efficient resource utilization. When the number of UEs is large, different PRB pairs are further used as the ePDCCH set. However, if the UEs associated with different PRB pairs, e.g., only UE #1 and UE #6, are dynamically scheduled, resource utilization is not efficient.
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Figure 1 – Configuration for one ePDCCH set per UE.
In order to improve resource utilization, in Alt. 2, each UE is configured with multiple ePDCCH sets to be monitored and each ePDCCH set is shared by multiple UEs. Figure 2(a) shows an example of Alt. 2 when each UE is configured with two ePDCCH sets. In this case, the search space (SS) must be properly designed for multiple ePDCCH sets. In Fig. 2(a), an example of SS candidates for multiple ePDCCH sets is shown. By configuring multiple ePDCCH sets, PRB pairs for the ePDCCH can be efficiently utilized for the PDSCH transmission. When there a few UEs in a subframe, ePDCCH set #1 is only used while ePDCCH set #2 can be used for the PDSCH. When there are many UEs in a subframe, both ePDCCH sets #1 and #2 are used for the ePDCCH. 
Another example of Alt. 2 is shown in Fig. 2(b) where each UE is configured with two ePDCCH sets. Unlike Fig. 2(a), the same ePDCCH set (set #1) is configured for all the UEs and the other ePDCCH set (set #2 or #3) is further configured to each UE. Here, we call ePDCCH set #1 primary set and call ePDCCH sets #2 and #3 secondary sets. Since the primary set is shared by many more UEs, more SS candidates are likely to be assigned to the primary set than that to the secondary set in order to reduce the blocking probability in the primary set. On the other hand, since different secondary sets are assigned to different groups of UEs and the same secondary set is shared by fewer UEs, a blocking in the secondary set may not be an issue. Based on such a configuration of primary and secondary sets, the primary set is used for the ePDCCH transmission and the secondary set is used for the PDSCH when there are a few UEs. Then, the secondary set would be used for the ePDCCH in a complementary way when there are many UEs. Furthermore, if a common SS is to be specified in Rel-11 or a later release, the primary set can be used for a common SS. We also note that the transmission scheme, i.e., distributed or localized transmission, and the usage of the DM-RS can be configured per ePDCCH set. Details regarding SS design for multiple ePDCCH sets are presented with evaluation results in our companion document [8]
Proposal 2: 

· UE is configured with multiple ePDCCH sets.

· Search space design for the primary and secondary ePDCCH sets should be further investigated.
In terms of the maximum number of ePDCCH sets per UE, two ePDCCH sets would be sufficient since different sets of PRBs pairs can be used for different secondary sets as shown in Fig. 2(b).
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(a) All sets are shared by all UEs
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(b) One set is shared by all UEs and the other set is shared by a set of UEs
Figure 2 – Configuration for two ePDCCH sets per UE.
4. Conclusion

In this contribution, we described our views on the number of PRB-pairs required for the ePDCCH transmissions. We also proposed defining an ePDCCH set in order to avoid the problem of resource inefficiency. For the configuration of the ePDCCH, our proposals in this contribution are as follows.
Proposal 1: 

· For mapping of the ePDCCH, the number of PRB pairs should be limited to four.

· The ePDCCH set is defined as a set of four PRB pairs for mapping of the ePDCCH.

Proposal 2: 

· UE is configured with multiple ePDCCH sets.

· Search space design for the primary and secondary ePDCCH sets should be further investigated.
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