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1. Introduction
One important aspect related to ePDCCH design is the ACK/NACK signalling for the PDSCH scheduled with ePDCCH. The issue of ACK/NACK resource allocation on PUCCH was discussed in RAN1#69, where also a Way Forward document submitted and left for email approval [1]. The subsequent discussion took place over the 3GPP RAN1 email reflector in June 2012 (entitled [69-15]) and lead to the following agreement:

· The PUCCH Format 1a/1b resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH  is at least partly implicitly determined

·  FFS which resource index could be used 

· Specification support for avoiding collisions of PUCCH format 1a/1b resources corresponding to ePDCCH and PDCCH is provided

· FFS how to provide collision avoidance

In this contribution we present our views on ACK/NACK resource allocation principles to support ePDCCH operation in Release 11 taking the above agreement into account. 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. 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 for that reason the it was agreed after RAN1#69 that “The PUCCH Format 1a/1b resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH  is at least partly implicitly determined”. 
Resource index used in implicit resource allocation 

The agreement from the email discussion following RAN1#69 leaves FFS which resource index is used as a basis for implicit ACK/NACK resource allocation. As said, the implicit HARQ-ACK resource allocation in LTE Release 8 is based on the CCE indexing. However, (e)CCE mapping and indexing for ePDCCH are still under discussion and TBD. 

On the other hand, the starting point for the ePDCCH HARQ-ACK resource allocation does not need to be eCCE. 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 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 eCCE indexing before progressing the work on HARQ-ACK resource allocation for DL data scheduled via ePDCCH  

Basing the PDSCH HARQ-ACK implicit resource allocation on the PRB indices of the scheduled PDSCH provides a straightforward way of indexing independent of the eCCE structure.  
Proposal 1: Implicit HARQ-ACK resource allocation for ePDCCH-scheduled PDSCH is based on the index of the lowest scheduled PDSCH PRB.  
Collision Avoidance and PUCCH overhead management
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. 
Furthermore, as the number of PRBs can be up to 100, a simple one-to-one mapping from the lowest PDSCH PRB to PUCCH format 1a/b resource may imply unnecessarily high PUCCH overhead. Therefore it would make sense to consider having many-to-one mapping between the PDSCH PRBs and the PUCCH format 1a/b resources by mapping e.g. n adjacent PRBs into a single PUCCH resource. Potential resource collisions could be resolved e.g. similarly as in the case of PHICH, i.e. allowing for dynamic modifier (e.g. “Antenna port(s), scrambling identity and number of layers”) to adjust the resource allocation.   

Proposal 3: Consider having many-to-one mapping between the PDSCH PRBs and PUCCH Format 1a/b resources. 

Proposal 4: A dynamic modifier in the ePDCCH DCI can be used to offset the PUCCH Format 1a/b resource selection to avoid resource collisions.  
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 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 HARQ-ACK resource allocation for ePDCCH-scheduled PDSCH is based on the index of the lowest scheduled PDSCH PRB.  
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 PDSCH PRBs and PUCCH Format 1a/b resources. 

Proposal 4: A dynamic modifier in the ePDCCH DCI can be used to offset the PUCCH Format 1a/b resource selection to avoid resource collisions.  
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