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1 Introduction 

At the RAN WG1 #67, two types of mapping schemes, i.e., localized and distributed transmissions, for the ePDCCH were agreed. At RAN1 #68bis, the possibility of coexistence of both the localized and distributed ePDCCH candidates in the same PRB pairs was discussed. 
One of the next steps for both the search space and multiplexing design for ePDCCH is to consider whether multiplexing of localized and distributed ePDCCH parts is needed in same PRBs. In this contribution, some of our concerns for this issue will be proposed. 
2 Discussion
As proposed in our companion contribution [2], we assume the following structure of an ePDCCH PRB pair with eCCE mapping, which is shown in Fig.1.

[image: image1.emf]DM-RS

eCCE #0

eCCE #1

eCCE #2

eCCE #3


Figure 1 Example of eCCE mapping in one PRB pair

Localized transmission aims to achieve frequency selective gain, so it is preferred to locate the resources of one localized candidate within one PRB pair or in contiguous PRB pairs. At the same time, the localized candidates at each aggregation level should ideally be mapped into separated frequency subbands so that frequency selective gain could be maximized. For distributed transmission, frequency diversity gain is the design target. It is preferred to locate the resources of one distributed candidate evenly into the assigned PRB pairs to achieve maximum frequency diversity. It has been agreed that the multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted, thus if a number of PRBs are allocated for ePDCCH transmission, these PRBs can not be used for PDSCH transmission simultaneously. That means if the localized and distributed ePDCCH candidates are allocated in separate PRBs, the remaining resources not occupied by distributed ePDCCH transmissions will be wasted. This is non-negligible especially if the number of UEs using distributed transmissions is small. Therefore, the multiplexing of distributed and localized ePDCCH candidates within the same PRB will bring more benefit for efficient resource utilization, although some additional effort may be needed for search space design. 
In the following part, we will provide an example of the search space design in case of multiplexing localized and distributed candidates in the same PRB pairs at aggregation level 1. Some assumptions about the association between antenna ports and ePDCCH transmission can be found in our companion contributions [2, 3]. Figure 2 shows the detailed multiplexing pattern. Here the localized candidates at aggregation level 1 are sparsely distributed across the allocated PRB pairs and all the candidates share the same relative position within each PRB pair (subband) as the anchor candidate. 
For the distributed transmission, a candidate is made up of a number of eREGs that are evenly spaced across multiple PRB pairs. For example, candidate 0 of distributed transmission in Figure 2 consists of eREG 8, 24, 40 and 56 which are located in different PRB pairs. In this way, frequency diversity gain could be achieved accompanied with antenna diversity gain so the robustness of ePDCCH distributed transmission could be ensured. In summary, the localized candidate includes eREGs within the same PRB pair whereas the distributed candidate includes the eREGs distributed across multiple PRB pairs. For higher aggregation levels, the same design could be applied. Based on this, the distributed and localized transmission of ePDCCH could be multiplexed within the same PRB pair so that resource fragmentation problem would be mitigated.
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Figure 2 Example of ePDCCH multiplexing for both distributed and localized transmission
3 Conclusions
In this contribution, we have discussed the multiplexing of localized and distributed ePDCCH in same PRBs. We propose that the multiplexing of localized and distributed ePDCCH in same PRBs is allowed, for the benefit of more efficient resource utilization. An example of multiplexing in same PRBs is also illustrated. 
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