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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 for HARQ-ACK transmission, the same analysis as for PUCCH format 1a/1b in FDD can apply.
2 PUCCH Resources for HARQ-ACK 
The Rel.10 method for determining the PUCCH resource for an HARQ-ACK transmission in response to a PDCCH detection consists of 2 parts: 
a) The determination of the starting point of the PUCCH resources for HARQ-ACK transmissions.
b) The determination of the PUCCH resource for HARQ-ACK transmission relative to the starting point of these PUCCH resources. 

The PUCCH resource 
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 with the cell-specific offset 
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 providing the starting point of the PUCCH resources and the first CCE of the detected PDCCH, 
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, providing the HARQ-ACK resource relative to the starting point of the PUCCH resources. 
In designing Rel-11 PUCCH HARQ-ACK indexing, a first issue is whether the same or separate PUCCH resources are used for HARQ-ACK transmission in response to legacy PDCCH detection and E-PDCCH detection. 
The motivation for using the same set of resources is UL overhead reduction. As PUCCH resources for legacy HARQ-ACK transmissions are typically significantly over-dimensioned (many more CCEs exist than the number of UEs transmitting HARQ-ACK in respective PUCCHs), resource sharing is fundamentally possible in order to avoid increasing UL overhead by configuring additional PUCCH resources. For example, for 2 Tx antennas and 10 MHz bandwidth, there are 43 CCEs but no more than 10 UEs are typically scheduled PDSCH in a subframe (either by PDCCH or by E-PDCCH). The motivation for using different UL resources is implementation or design simplicity.
In case the same set of PUCCH resources is used, one issue is the potential collisions. Assuming that an E-PDCCH consists of E-CCEs, if the same rule as in Rel.10 applies for the PUCCH resource determination for an HARQ-ACK transmission in response to an E-PDCCH detection, 
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), a collision will occur if the first E-CCE for the detected E-PDCCH, 
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,   is the same as the first CCE of a detected PDCCH 
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Two possibilities exist to avoid collisions. The first is to leave it to the network implementation where, under some scheduling restrictions, the first CCE of each PDCCH for DL assignments is different than the first E-CCE of each E-PDCCH for DL assignments. As the search space design for E-PDCCHs is not yet determined, evaluating the impact of such a restriction is not possible but assuming a similar search space design as for the PDCCH (at least for distributed E-PDCCH transmissions), an increase in the blocking probability can be expected (FFS how significant). 
The second possibility is to introduce a hybrid of explicit and implicit resource determination as for the PHICH or for PUCCH format 3. This can be done by introducing an A/N Resource Indication (ARI) field in the DCI formats conveyed by E-PDCCH (e.g. 2 bits).

In case different sets of PUCCH resources are used then, considering legacy UEs, the ones corresponding to HARQ-ACK transmissions in response to E-PDCCH detections should be preferable placed between the legacy ones and the PUSCH resources in order to maximize the potential for frequency diversity. 
The starting position can be determined depending on whether a UE can detect legacy control channels. If so, based on the PCFICH value, the number of CCEs can be determined and the E-CCEs can be numbered after the CCEs. 
If not, the starting position can be configured by the network through an offset, 
[image: image9.wmf])

1

(

E

-

PUCCH

N

, and the transmission can occur anywhere either between the legacy PUCCH resources and the PUSCH resources (
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 - e.g. Figure 1) or prior to legacy PUCCH format 1a/1b resources associated with dynamic HARQ-ACK signaling (
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). The network has enough flexibility in choosing the starting position. BW fragmentation can occur but this may be addressed either through clustered PUSCH transmission (if the fragmentation is at the RBG level) or, more likely, by accepting some occasional BW loss. For example, 
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 may indicate the starting resource to be after the legacy ones assuming 3 OFDM symbols for the DL control region but this occasionally may not be the case especially considering the offloading of PDCCHs to E-PDCCHs if some UEs can detect both. Alternatively, in order to avoid any UL BW fragmentation or loss in case UEs scheduled by E-PDCCH cannot be assumed to detect the PCFICH, the PCFICH value can be included as part of the information provided by an E-PCFICH.  
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Figure 1: Resource Partitioning for HARQ-ACK Transmissions in Response to PDCCH or E-PDCCH Detection.
3 Conclusions

This contribution considered the PUCCH resource determination for an HARQ-ACK transmission in response to an E-PDCCH reception. 
To avoid additional PUCCH overhead, the same resources as for HARQ-ACK transmission in response to a PDCCH detection can be used and potential collisions can be avoided either by scheduling restrictions or by introducing an ARI field in DL DCI formats conveyed by E-PDCCH. Another advantage is that no differentiation is needed between distributed and localized E-PDCCHs (this may or may not be the case with the other approach). 
Alternatively, to avoid introducing additional signaling in DL DCI formats (DL overhead) or scheduling restrictions at the expense of additional UL overhead, separate resources can be used. To avoid resource fragmentation or waste, the resources for HARQ-ACK transmission in response to E-PDCCH detection can follow the ones for HARQ-ACK transmission in response to PDCCH detection.  
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