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1. Introduction
In RAN1 session #68bis, there was discussion on the physical structure of ePDCCH but no agreement was achieved.  Several issues are proposed for further discussion to clarify the detailed ePDCCH design.
· How to handle mapping of ePDCCH in presence of other signals
·  “(e)REG/(e)CCE” definitions
· Necessary aggregation levels and relationship to localised and/or distributed transmission
· Whether multiplexing of localised and distributed ePDCCH parts is needed in same PRBs
· “fallback” operation and need for localised and distributed USS candidates in same subframe
In this paper, we provide our views on the fourth issue about the necessity for the multiplexing of localized and distributed ePDCCH in same PRBs.


2. Discussion
Unlike PDCCH, ePDCCH consists both localized and distributed transmission to exploit beamforming gain and frequency diversity, respectively, for better resource utilization efficiency because the beamforming MIMO transmission can be utilized to provide the same DCI decoding performance as that in PDCCH with fewer physical resources.  However, the resource allocation of ePDCCH is signaled via RRC signaling so the control overhead can not be adjusted according to the UE loading per subframe.  Since it was agreed in RAN1 session #68 that multiplexing of ePDCCH and PDSCH within a PRB-pair is not permitted, the remaining physical resources with no ePDCCH transmission in localized ePDCCH still can be utilized for data transmission if the minimal size of remaining physical resources is a PRB-pair.  Nevertheless, in distributed ePDCCH, for better frequency diversity, the physical resources of a candidate ePDCCH are distributed in different PRB-pairs and the remaining physical resources with no ePDCCH transmission may be scattered within different PRB-pairs so it may not be easy for PDSCH to utilize the these remaining physical resources for data transmission due to the aforementioned limitation.  This may result in worse resource utilization efficiency for ePDCCH, compared to PDCCH when the DCI loading is low.
Considering the case where no multiplexing of localized and distributed ePDCCHs is allowed.  Figure 2-1 illustrates an example for possible problem when DCI loading is low.  In Figure 2-1, four UEs configured to utilize distributed resources and two UEs configured to utilize localized resources are accommodated in ePDCCH.  Since the remaining vacant physical resources are all scattered in different PRB-pairs and the multiplexing of distributed and localized ePDCCHs within a PRB-pair is not allowed, none of the remaining vacant physical resources can be utilized for the transmission of both PDSCH and localized ePDCCHs.  To accommodate two UEs using localized ePDCCH, additional 2 PRB-pairs are needed.  Therefore, the physical resource utilization rate is about 42% in ePDCCH and over half of physical resources allocated to ePDCCH are wasted.  Since the resource allocation for ePDCCH can not be changed until next RRC signaling, the resource utilization efficiency is seriously impacted.
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Figure 2-1:  Example illustration of physical resources utilization in ePDCCH without the support of the multiplexing of distributed and localized ePDCCHs with a PRB-pair
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Figure 2-2:  Example illustration of physical resources utilization in ePDCCH with the support of the multiplexing of distributed and localized ePDCCHs within a PRB-pair

Considering another case where the multiplexing of localized and distributed ePDCCHs is allowed.  Figure 2-2 illustrates an example for the benefits.  In Figure 2-2, the same situation as Figure 2-1 is considered.  Though the remaining vacant physical resources can not be utilized for PDSCH transmission, some of the vacant physical resources in distributed ePDCCH can be utilized to accommodate DCI transmission for two UEs using localized ePDCCH.  It requires only four PRB-pairs to accommodate six UEs and the resource utilization efficiency is largely improved.  The physical resource utilization rate is increased from 42% to 62.5% and the wasted physical resources is reduced from over 50% to 37.5%.  In addition, more UEs using localized ePDCCH can be accommodated in the remaing vacant physical resources.
From the above example analysis, it is beneficial to support the multiplexing of distributed and localized ePDCCHs within the same PRB-pair, especially when no multiplexing of ePDCCH and PDSCH within the same PRB-pair is allowed.  From Figure 2-2, it is also beneficial to assign the same PRB-pairs as the physical resources reserved for the transmission of both distributed and localized ePDCCHs.  Depending on the demands of distributed and localized ePDCCHs, eNB can dynamically decide which type of ePDCCH can utilize the physical resources for the transmission and a UE can search candidate ePDCCH with both physical resource mappings if it is configured to utilize both types of ePDCCHs.  Therefore, we propose the following proposals:
Proposal #1:  The multiplexing of distributed and localized ePDCCHs within the same PRB-pairs is supported in Release 11.
Proposal #2:  Same PRB-pairs can be assigned as the physical resources reserved for the transmission of both distributed and localized ePDCCHs in Release 11.


3. Conclusion

In this paper, our views on whether to support the multiplxing of distributed and localized ePDCCHs within the same PRBs are provideded.  From the discussion it’s beneficial to the resource utilization efficiency if the multiplexing of distributed and localized ePDCCHs is supported in Release 11.  The proposals are summarized as follows.
Proposal #1:  The multiplexing of distributed and localized ePDCCHs within the same PRB-pairs is supported in Release 11.
Proposal #2:  Same PRB-pairs can be assigned as the physical resources reserved for the transmission of both distributed and localized ePDCCHs in Release 11.






