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1. Introduction
This contribution provides several options to determine new PUCCH resource for PDSCH scheduled by ePDCCH.

2. PUCCH Resource for ePDCCH scheduled UE

In LTE system, PUCCH resource is basically determined either in dynamic manner or semi-static manner where only PDCCH is defined for PDSCH scheduling. With ePDCCH design, it is time to discuss the HARQ ACK/NACK for PDSCH scheduled by ePDCCH.
We already have PUCCH resource determination method in case of PDCCH scheduled PDSCH. So PUCCH resource determination in ePDCCH scheduled PDSCH case can also use the existing rule as in legacy LTE system. However dynamic PUCCH resource reserved for PDCCH CCE linkage cannot be used for dynamic PUCCH resource reserved for ePDCCH because PUCCH resource is shared by both PDCCH and ePDCCH. That is, if both PDCCH and ePDCCH CCE have the same CCE index, corresponding PUCCH resource will be the same, i.e. lead to PUCCH resource collision. It’s too inefficient in resolving by eNB scheduling. One natural approach  is to use separate PUCCH resources for PDCCH and ePDCCH. But it requires additional PUCCH resources. Figure 1 shows the additional dynamic PUCCH resources for ePDCCH scheduled PDSCH, which can be configured by RRC or SIB signaling.  
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Figure 1. Separate dynamic PUCCH resource for ePDCCH scheduled PDSCH

If MU-MIMO is supported in ePDCCH, the same CCE index will be shared by multiple UEs in MU-MIMO. So it is necessary to introduce indication signal or corresponding scheme to distinguish one MU-MIMO ePDCCH from another MU-MUMO ePDCCH in the same ePDCCH region. In general since each MU-MIMO ePDCCH will have individual scrambling ID or antenna port different from other MU-MIMO ePDCCH, those parameters could be used for determining difference PUCCH resources for spatial multiplexed ePDCCH CCEs under one ePDCCH CCE index.
Above concept (i.e. separate resource reservation) can be also applied to inter-cell CoMP operation. A proposed solution is to distinguish CoMP UE’s PUCCH region with PeNB UE PUCCH resource region as shown in Figure 2 [1]. In principle, PUCCH resource for UEs served by eNB will not be overlapped each other. However the case that DL cell is different from UL cell, collision between eNB ePDCCH linkage PUCCH resource and PeNB ePDCCH linked PUCCH resource may happen. Therefore in PeNB perspective, PeNB ePDCCH scheduled UE’s PUCCH resource is separately allocated from eNB ePDCCH scheduled UE’s PUCCH resource unless both PeNB and eNB scheduler is the same or co-located. If they are same scheduler, resource collision can be avoided by coordinating eNB and PeNB ePDCCH CCE mapping. Further details refer to [1].
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Figure 2: PUCCH resource for UE1 and UE2 scheduled by ePDCCH at eNB
3. Conclusion

· Proposal 1: PUCCH resource for ePDCCH is separately allocated from PUCCH resource for legacy PDCCH.
______________________________________________________________________
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