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1 Introduction
It is concluded that the PUCCH Format 1a/1b resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH is at least partly implicitly determined. This contribution gives more discussion on the implicit ePDCCH linked to PUCCH.
2  Discussion
In previous meetings, PUCCH resource allocation for ePDCCH was discussed [1-3].For ePDCCH implicitly linked to PUCCH, the scheme can mostly reuse the one for PDCCH.  In addition, ePDCCH need slightly more consideration due to more requirements. The design need to consider overlapping PUCCHs for ePDCCH and PDCCH. ePDCCH could support MU-MIMO, this need more PUCCH resource for same PRB.  ePDCCH support 2 type of transmission, minimized resource reservation is desirable.  The need of dynamic indication of PUCCH resource also should be analyzed. 
· PUCCH area in respond to ePDCCH
1） In consideration reserving area for ePDCCH, overlapping with the area for PDCCH can be mitigated by carefully choosing PDCCH candidates. PDCCH have variable number of OFDM symbol.  It is difficult to reserve a fixed area for PDCCH. For ePDCCH, the set of PRBs is unlikely to be dynamically changed. Then, the PUCCH area for ePDCCH should be independently configured to that for PDCCH. 
2） UE specific configuration can coordinate between different UEs for the PUCCH resources offset. This will help to coordinate PUCCH resources in CoMP scenario 4.  UEs can be grouped with different PUCCH resource offset to facilitate uplink control coordination. The PUCCH area for different UE may also overlap. However, the overlapping can be controlled by eNodeB configuration to trade off between better resource utilization and scheduling gain. 
Proposal：UE specific configuration should be used to indicate the PUCCH resource offset in response to ePDCCH.
· Resource linking and distinguishing MU-MIMO ePDCCHs
UE will do PRB-wise demodulation for ePDCCH.  Then, the linking can be based PRB, e.g. each PRB of ePDCCH will be linked into a group of PUCCH resources. 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. 

PUCCH resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH is determined as follows forms:
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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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 is offset associated with antenna port 
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, where 
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 is the antenna port allocated to the lowest CCE of the ePDCCH.
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Figure 1 PUCCH resource linking for ePDCCH
· Localized and Distributed ePDCCH
Localized ePDCCH can be linked with PUCCH resources base on its antenna port. This is equivalent to linking based on eCCE if MU-MIMO is not used. Distributed ePDCCH may share antenna ports. If the distributed ePDCCH multiplexed with localized ePDCCH, some 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 k &p can be linked to 8 PUCCH resoures.  The D-eCCEs in PRB k&p, if those PRBs be used as distributed search space, can also be linked to the same 8 PUCCH. As shown in the figure. Note, the D-eCCE is indexed among the 2 PRB K&P.  D-eCCE #X and D-eCCE #Ycan be linked to L-eCCE #k*4 and L- eCCE #p*4, respectively. All the 8 D-eCCE can have 1 to 1 linking with 8 L-eCCE. With proper antenna ports association, the D-eCCE and L-eCCE can be multiplexed in same PRB. One example is multiplexing L-CCE {#k*4+2,#k*4+3} and first eREGs  of D-eCCE{X, Z, Y, H}in PRB #k, and multiplexing L-CCE {#p*4+2,#p*4+3} and second eREGs  of D-eCCE {X, Z, Y, H}in PRB #p.
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Figure 2 PUCCH resources linking for both localized & distributed ePDCCH
Proposal: Each PRB of ePDCCH is linked into a group of PUCCH resources. The antenna ports within that ePDCCH PRB will determine the PUCCH Resource within the PUCCH Resource group.

· Localized ePDCCH determine PUCCH resources based on PRB index and antenna ports. 
· Distributed ePDCCH determine PUCCH resources based on D-eCCE index 
· Dynamic indication of PUCCH resource
Dynamic PUCCH resource indication will increase the PUCCH resource efficiency.  However, this will increase DCI size. 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 detail should be FFS.
3 Conclusion

In this contribution, we discussed solution of ePDCCH linking to PUCCH. We propose: 
· UE specific configuration should be used to indicate the resource offset.
· Each PRB of ePDCCH is linked into a group of PUCCH resources. The antenna ports within that ePDCCH PRB will determine the PUCCH Resource within the PUCCH Resource group. Localized ePDCCH determine PUCCH resources based on PRB index and antenna ports. 
· Distributed ePDCCH determine PUCCH resources based on D-eCCE index 
· TDD will share the same scheme for FDD
· Considering sequential or interleaved linking among different subframes for multiple sub-frame feedback
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