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1 Introduction

HARQ-ACK transmission aspects in response to E-PDCCH detection have not yet been treated in RAN1 but some discussion has already started through respective contributions (e.g. [1, 2]). This contribution provides an initial analysis on this topic. For simplicity, only PUCCH format 1a/1b and an FDD system are considered. For PUCCH format 3, the Rel-10 method for HARQ-ACK resource determination remains applicable. For a TDD system and PUCCH format 1b with channel selection, the same analysis as for PUCCH format 1a/1b in FDD can apply.
2 HARQ-ACK Resources
An objective for the design of enhanced CCHs is that they should not result in a worse spectral efficiency than the legacy CCHs. Although the focus of this challenging objective is primarily on the DL, it is also applicable in the UL where it affects the resources allocated to respective HARQ-ACK transmissions. It is noted that the number of PDSCHs (or SPS releases) scheduled per subframe is in principle independent of whether PDCCHs or E-PDCCHs are used. Therefore, the objective is that use of E-PDCCHs does not increase the resources associated with the respective HARQ-ACK transmissions.
The previous objective obviously precludes the use of separate regions for HARQ-ACK transmissions in response to PDCCH detections and E-PDCCH detections. It is noted that if different PRB pairs are used for distributed and localized E-PDCCH transmissions, the use of separate regions would also be likely to also require separate regions for the PUCCH resources for HARQ-ACK transmissions corresponding to distributed E-PDCCHs and localized E-PDCCHs. 
Sharing of PUCCH resources corresponding to legacy PDCCHs and to E-PDDCHs is therefore required. Resource sharing is obviously associated with collision avoidance. For this purpose the concept of an index (ARI), indicating a resource from a set of possible resources, which was introduced for PUCCH format 3 in TDD and in CA FDD can be reused. Obviously, this can only be applicable for PUCCH resources for HARQ-ACK transmissions associated with E-PDCCH detections. 
A PUCCH resource 
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 for an HARQ-ACK transmission in response to a legacy PDCCH detection is determined as 
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 is a cell-specific offset providing the starting point of the PUCCH resources and 
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 is the first CCE of the detected PDCCH in the legacy search spaces. Assuming that (distributed and localized) E-PDCCHs are also constructed by CCEs, a PUCCH resource 
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 is the first CCE of the respective E-PDCCH in its corresponding search space. 

Collisions can be avoided either by imposing restrictions on the scheduler to not use PDCCHs and E-PDCCHs scheduling PDSCH or SPS releases with the same first CCE in their respective search spaces or by including an ARI in the associated DCI formats. Scheduler restrictions are generally undesirable and in this case will also lead to increased blocking probability for PDCCHs or E-PDCCHs especially since legacy PDCCHs, distributed E-PDCCHs, and localized E-PDCCHs need to be considered. 
The use of an ARI is preferable as it only requires a small additional increase in the payload size of DCI formats scheduling PDSCHs or SPS release (a 2-bit ARI seems adequate) and offers a simple PUCCH resource indexing that is robust against collisions and largely frees the scheduler from any restrictions. 

Therefore, the PUCCH resource for HARQ-ACK signal transmission from a UE in response to detecting a (localized or distributed) E-PDCCH scheduling a PDSCH or an SPS release can be determined as
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For example, the 2-bit ARI can map to PUCCH resource offset values of -2, -1, 0, and 1. Alternatively, the mapping of the 2-bit ARI to PUCCH resource offset values can be UE-specifically configured by the network.
3 Conclusions

This contribution considered the PUCCH resource determination for an HARQ-ACK transmission in response to an E-PDCCH detection. To avoid additional PUCCH overhead, the same resources as for HARQ-ACK transmissions in response to PDCCH detections can be used. Collisions can be avoided by introducing an ARI field in each DCI format conveyed by E-PDCCH scheduling PDSCH or SPS release. 
Proposal: A PUCCH resource index is introduced in each DCI format scheduling PDSCH or SPS release.
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