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1. Introduction

In RAN1#66bis, it was agreed as a working assumption that an enhanced physical downlink control channel (ePDCCH) will be introduced in Rel-11, based on considerations from CA enhancement new carrier type, CoMP and DL MIMO. The ePDCCH is transmitted in data region and could support increased downlink control channel capacity and frequency-domain ICIC. 
2. Discussion 

The enhanced physical downlink control channel (ePDCCH) is a newly designed control channel to carrier DL assignments and uplink grants in adaptation to different scenarios in Rel.11. Accordingly, several relative channels require to be considered, such as PCFICH, PHICH, and PUCCH. 

Considering PUCCH, the main issue is how to determine the PUCCH 1a/1b resource based on the DL assignment receiving from ePDCCH [1]. For legacy PDCCH, the PUCCH 1a/1b resource is determined by 
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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 parameter n1PUCCH-AN included in the IE PUCCH-ConfigCommon configured by higher layer. Different from the implicit determination, the PUCCH 1a/1b resource corresponding to R-PDCCH is explicitly configured by higher layer. Since the number of ePDCCH UEs are assumed to be more than R-PDCCH relays, the network would consume lots of PUCCH resources. The explicit determination is inefficient on resource utilization and results in much overhead. Thus, the implicitly way for determining PUCCH 1a/1b resource is preferred for ePDCCH.

Proposal 1: For ePDCCH, the corresponding PUCCH 1a/1b resource is implicitly determined.
In RAN1#67, a proposed agreement, but not agreed yet, proposes that a PRB pair may contain parts of different ePDCCHs to different UEs, and how to multiplex ePDCCHs within a PRB pair is FFS. Based on this, the concept of CCE in legacy PDCCH could be reutilized. In RAN1#68bis, many designs of eREG/eCCE are discussed. Even though there is no conclusion about the definition, it can be assumed that the ePDCCH is constructed by one or multiple eCCE(s). Then, the PUCCH 1a/1b resource corresponding to ePDCCH could be indicated by the eCCE index and a higher layer configured parameter as similar in LTE. Since the ePDCCH allows network to schedule more UEs in a given subframe, in order to avoid the impact on legacy PUCCH resource, additional PUCCH resource region may be required [2]. Also, within the same PRB pairs, the available eCCE number is about 3~4 times more than the legacy CCE. If the eCCEs are numbered over full downlink bandwidth, the network may require reserving 4~5 times the amount of PUCCH 1a/1b resources. It would be a quite larger overload. Thus, in order to feedback the HARQ-ACK for the DL transmission scheduled by ePDCCH, one possible method is that the eCCE index for indicating PUCCH 1a/1b resource is numbered within the search space configured for a UE. In this case, the higher-layer configured parameter to determine PUCCH 1a/1b resource corresponding to ePDCCH could be different for different UEs. 
Proposal 2: The eCCE index for indicating PUCCH 1a/1b resource is numbered within the search space configured for     a UE.
3. Conclusion

This contribution discusses the issue of determining PUCCH 1a/1b resource corresponding to ePDCCH. Based on the above discussion, we propose:

Proposal 1: For ePDCCH, the corresponding PUCCH 1a/1b resource is implicitly determined.
Proposal 2: The eCCE index for indicating PUCCH 1a/1b resource is numbered within the search space configured for     a UE.
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