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1 Introduction
In last meeting, the implicit ePDCCH linked to PUCCH was discussed [1-3]. It is agreed that 
·  Lowest eCCE index of the corresponding EPDCCH is a component of PUCCH resource determination.

·  A UE is configured with a semi-static PUCCH resource starting offset for each EPDCCH set; 
·  eCCE is indexed per EPDCCH set.
This contribution gives more discussion on remaining details of PUCCH resource allocation for EPDCCH .
2  Discussion
The remaining details of PUCCH resource allocation for ePDCCH include: Selection of antenna port for localized EPDCCH, details of PUCCH resource allocation for Distributed ePDCCH , Dynamic indication of PUCCH resource, and PUCCH resource in TDD .
· Selection for localized ePDCCH
· Not to use antenna port index
In CoMP scenarios, different TPs may transmit ePDCCH in same resource. The resource conflict for PUCCH should be solved. For MU-MIMO, the ePDCCH multiplexing also require some means to distinguish different  user. Those will impact on the resource utilization. 
· To use antenna port index of ePDCCH
For localized single-port SU-MIMO, eCCE/antenna ports can distinguish different UEs to linking on specific PUCCH with in the group.  For the localized MU-MIMO ePDCCH, since same resource (e.g eCCE) might be used, only antenna ports can be used to distinguish the different ePCCHs paired in the MU-MIMO transmission Figure 1 illustrated using antenna ports to distinguish MU-MIMO UEs. Four UE can be multiplexed into 1 PRB. It does not require UE aware if other UEs are paired with. AP can also solve the problem for above mentioned CoMP case with different TPs transmitting on same ePDCCH resource. 
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Figure 1. PUCCH resource linking for ePDCCH
· To use antenna port index of PDSCH
PDSCH has different performance requirement than that for ePDCCH. Ports for PDSCH could be different to ports for ePDCCH. Then this option does not fully solve the issue.
Proposal：Antenna port index of ePDCCH is used for L-CCE distinguishing.
PUCCH resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH is determined as:
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where 
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is the lowest eCCE of the ePDCCH, 
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is  the  number of eCCE in one PRB pairs, 
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 is the UE-specific PUCCH resources offset configured by higher layers and 
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, where 
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 is the antenna port allocated to the lowest CCE of the ePDCCH.
· Details of PUCCH resource allocation for Distributed ePDCCH
Distributed ePDCCH may share antenna ports. If the distributed ePDCCH multiplexed with localized ePDCCH, unified rules numbering both distributed transmission and localized transmission can be used. As example shown in figure 2, the ports for different L-eCCE in PRB #0~PRB#3 can be linked to 16 PUCCH resources.  In case the distributed set and localized set share same PRB pairs, the unified rules can set up 1 to 1 mapping between L-eCCE and D-eCCE. Then the PUCCH resource conflict can be fully avoided. Figure 3/4 shows example of mapping.
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Figure 2.   L-ePDCCH to #PUCCH resources
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Figure 3.  D-ePDCCH to #PUCCH resources
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Figure 4. MultiplexingD-ePDCCH and L-ePDCCH in same PRBs and the corresponding PUCCH resources
Proposal: Distributed ePDCCH determine PUCCH resources based on the L-eCCE index mapped to the D-eCCE in the PRB set.
· Dynamic indication of PUCCH resource
Dynamic PUCCH resource indication will increase the PUCCH resource efficiency.  However, this will increase DCI size. It also needs to evaluate the PUCCH saving by some further analysis with aligned scheduler and so on.  Since the PUCCH can be solved by UE-specific configuration and careful scheduling, dynamic indication will not make more resource efficiency. Further, for the CA aggregation, it already has ARI in SCell. ePDCCH can support ARI only for SCell. 
· PUCCH resource in TDD
Based on FDD scheme, TDD need consider multiple subframe feedbacks. For different sub-frame, the linking can be sequential or interleaved subframes. The simple sequential scheme is preferred.
3 Conclusion

In this contribution, we discussed solution of ePDCCH linking to PUCCH. We propose: 
· Antenna port index of ePDCCH is used for L-CCE distinguishing.
· Distributed ePDCCH determine PUCCH resources based on the L-eCCE index mapped to the D-eCCE in the PRB set.
· Dynamically signalled PUCCH resource offset by ePDCCH is to be further studied.
· For TDD multiple subframe feedbacks, sequential linking of subframes is used for PUCCH resource mapping.
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