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1 Introduction 
In RAN1#66bis, a working assumption was made to introduce an enhanced PDCCH (i.e., ePDCCH). Together with the discussion on the ePDCCH design, some concerns on the PUCCH resource mapping with the ePDCCH were raised [1]. In this contribution, we provide our views on this aspect.
2 UL A/N Enhancements
Two issues need to be considered:

1. The PUCCH resource allocation is derived from the legacy PDCCH CCE number, and it is not obvious how this would work with the new ePDCCH which is likely to use a different structure located in the legacy PDSCH region;

2. The ePDCCH is likely to result in more UEs being scheduled in a given subframe, so that more PUCCH resources might be needed to feedback the HARQ acknowledgements. 
Figure.1(a) illustrates the current PUCCH mapping without taking ePDCCH into account. The grey region is utilized for PUCCH, and the other region is utilized for PUSCH. In the PUCCH region, the resource at the edges of the total available bandwidth is for PUCCH format 2/2a/2b, and the remaining PUCCH region is used for PUCCH format 1/1a/1b. The capacity of the PUCCH could be extended as shown in Figure.1(b). Additional PUCCH resource assignment would be needed to index the extended resource.  
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             (a) The current PUCCH resource mapping                                                           (b) The extended PUCCH resource mapping
Figure.1 PUCCH resource mapping with/without ePDCCH

In Rel-10, the PUCCH resource assignment for dynamic UL A/N is jointly determined by the lowest CCE index and the dynamic/semi-static boundary index configured by higher-layer signaling. The resource index
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 for dynamic ACK/NACK in the form of UCI formats 1/1a/1b is implicitly derived from
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, where
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 is the number of the first CCE (i.e. lowest CCE index used to construct the PDCCH) used for transmission of the corresponding DCI assignment and 
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is the boundary index configured by higher layers. This implicit way may not be applicable for the UEs scheduled by ePDCCH due to the unavailable linkage between ePDCCH resource index and the current PUCCH A/N resource. In order to feedback the A/N for the DL transmission scheduled by ePDCCH meanwhile keeping backward compatibility for the DL transmission scheduled by PDCCH, two possible alternatives could be considered:
· Alt-1: An offset could be added to index the A/N resource in PUCCH for the DL transmissions scheduled by ePDCCH. In this way, a similar linkage rule to PDCCH-PUCCH A/N could be applied to an implicit linkage between ePDCCH and PUCCH A/N resource. We assume that the ePDCCH will use CCEs in a similar way to the legacy PDCCH. This implicit linkage can be implemented based on the lowest index of the ePDCCH resource.
· Alt-2: The network could configure a different boundary index such as denoted by
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for the DL transmission scheduled by ePDCCH. By the different boundary index setting, the A/N resource in PUCCH could be staggered between DL transmission scheduled by ePDCCH and PDCCH.  
Both of these two alternatives can meet the requirement of the A/N resource allocation for the DL transmission scheduled by ePDCCH and minimize the standardization impact.
3 Conclusions

We have discussed the extended PUCCH resource mapping with ePDCCH and provided our views on the additional PUCCH resource assignment. 
We propose that the PUCCH region can be extended for ePDCCH, and a suitable rule is defined to enable PUCCH resources to be associated implicitly with DL resource assignments on the ePDCCH. 
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