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1. Introduction
While there has been progress in the standardization of ePDCCH, little attention has been paid on the supporting functionality needed for the ePDCCH to work. One closely linked aspect is the ACK/NACK signalling for the PDSCH scheduled with ePDCCH. The issue of ACK/NACK resource allocation on PUCCH has not yet been discussed in the 3GPP although some contributions have addressed the issue [1], [2], [3], [4]. Clearly there is a need to agree upon how to derive the PUCCH resource which carries the ACK/NACK for ePDCCH. In this contribution we present our view on ACK/NACK resource allocation principles to support ePDCCH operation in Release 11. The focus is on FDD and single cell operation - with TDD and carrier aggregation the starting point are the existing solutions. 
2. Discussion
The PUCCH resource allocation for dynamically scheduled PDSCH ACK/NACKs in LTE Release 8 and beyond is based on implicit mapping. To be specific, the index of the lowest PDCCH Control Channel Element (CCE) scheduling the PDSCH determines directly the index of the PUCCH resource used for ACK/NACK signalling, i.e. there is a one-to-one mapping between the CCE and the PUCCH resource indices. 

The implicit resource allocation has clear benefits: it minimizes the UL overhead as dedicated PUCCH resources do not need to be reserved for each UE. This basic principle is very attractive with ePDCCH as well. As one of the main motivations for the introduction of ePDCCH is increased control channel capacity, the number of scheduled users is expected to increase, making efficient PUCCH usage even more important than in the prior releases. Therefore it makes sense to consider implicit PUCCH resource allocation as a baseline also for the case when the PDSCH is scheduled using ePDCCH.

Proposal 1: Implicit PUCCH HARQ-ACK resource allocation should be supported also in the case when PDSCH is dynamically scheduled via ePDCCH.

Regarding the PUCCH resources to be used for ePDCCH based HARQ-ACK, the existing PUCCH format 1a/b resource space used for signalling HARQ-ACK of dynamically scheduled PDSCH as in LTE Rel-8 is the natural starting point. In order to avoid excessive overhead, and considering the fact that dynamic PUCCH format 1a/b resource space is often underutilized, it would be good to allow for the resource spaces for HARQ-ACK scheduled via PDCCH and ePDCCH to overlap. On the other hand, fully overlapping PUCCH regions may unnecessarily complicate the scheduling operation when ePDCCH and PDCCH are operated simultaneously. A good compromise between PUCCH resource efficiency and scheduler restrictions can be achieved by making the starting resource of the dynamic format 1a/b region configurable.  
Proposal 2: It should be possible to configure the starting PUCCH resource for the ePDCCH based HARQ-ACKs separately from N(1)PUCCH. 
As said, the implicit HARQ-ACK resource allocation in LTE Release 8 is based on the CCE indexing. However, such indexing scheme does not exist currently for ePDCCH. There have been some discussion on whether or not the indexing of ePDCCH should be based on eCCEs, CCE, or something else, but so far there is no agreement in place. This makes it also hard to progress the work on PUCCH HARQ-ACK resource allocation for ePDCCH.

On the other hand, the starting point for the ePDCCH HARQ-ACK resource allocation does not need to be eCCE or CCE indexing. Unlike with PDCCH, in the case of ePDCCH due to the FDM nature of the control signalling it is quite natural to take PRB indices of either the ePDCCH or the scheduled PDSCH as the starting point for implicit PUCCH resource indexing. This allows for decoupling of the discussions on eCCE/CCE structure and PUCCH resource allocation in RAN1, and makes it possible to progress these two topics in parallel.

Observation: There is no need to wait for the finalization of CCE or eCCE indexing before progressing the work on HARQ-ACK resource allocation for DL data scheduled via ePDCCH  
Furthermore, as the number of ePDCCH candidates is expected to be fairly high, a simple one-to-one mapping may imply unnecessarily high PUCCH overhead. Therefore it would make sense to consider having many-to-one mapping between the ePDCCH and PUCCH. Potential resource collisions could be resolved e.g. similarly as in the case of PHICH, i.e. allowing for dynamic modifier to adjust the resource allocation.   

Proposal 3: Consider having many-to-one mapping between the ePDCCH and PUCCH resources. 
3. Conclusions

In this contribution we discussed a few aspects related to HARQ-ACK resource allocation for the PUSCH transport blocks scheduled vie ePDCCH. Regarding the standardization progress, we make the following observation:
Observation: There is no need to wait for the finalization of CCE or eCCE indexing before progressing the work on HARQ-ACK resource allocation for DL data scheduled via ePDCCH  
Furthermore, regarding HARQ-ACK signaling details, following proposals are made:

Proposal 1: Implicit PUCCH HARQ-ACK resource allocation should be supported also in the case when PDSCH is dynamically scheduled via ePDCCH.

Proposal 2: It should be possible to configure the starting PUCCH resource for the ePDCCH based HARQ-ACKs separately from N(1)PUCCH. 
Proposal 3: Consider having many-to-one mapping between the ePDCCH and PUCCH resources. 
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