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1 Introduction
The PUCCH HARQ-ACK resource allocation in response to PDSCH indicated by ePDCCH has already been addressed by several companies [1]-[6]. The following agreement was reached
· 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 PUCCH HARQ-ACK resource determination for ePDCCH.
2 Discussion
The PUCCH format 1a/1b resource for HARQ-ACK transmission in response to legacy PDCCH follows an implicit manner, i.e. the resource index is derived from the lowest CCE index of the corresponding PDCCH and a cell-specific offset providing the PUCCH resources boundary configured by higher layers. According to the email discussions, it has been agreed that the implicit manner should at least be partially reused for ePDCCH and specification support for avoiding collisions with the HARQ-ACK resources corresponding to PDCCH should be provided. However, it remains for further study which resource index could be used and how to provide collision avoidance. 

Following the implicit manner, one solution is to use the lowest eCCE index of the respective ePDCCH. The obvious benefit of this solution is simplicity. Since the search space is most likely to be defined on the basis of eCCE, it is straightforward to build similar mappings between PUCCH HARQ-ACK resources and lowest eCCE index of the corresponding ePDCCH as in the current specification. As an alternative, the PRB index was proposed to determine the PUCCH HARQ-ACK resource. It should be noted that the specification effort should be kept in mind when PRB index based solution is introduced.

Observation 1: The PUCCH format 1a/1b HARQ-ACK resource in response to ePDCCH scheduled PDSCH could be implicitly determined by the lowest eCCE index of the corresponding ePDCCH.

As already mentioned, the existing PUCCH format 1a/b resource region for PDSCH scheduled by PDCCH is determined by a cell-specific resource boundary and the number of available CCEs. If the same resource boundary index is also used for ePDCCH, there will be resource collisions between PDCCH and ePDCCH. To avoid collisions, one alternative is to configure a different resource boundary index so that the PUCCH HARQ-ACK resource region for ePDCCH does not overlap the resource region for PDCCH. In particular, the resource boundary index for ePDCCH is preferably to be UE-specific. 
The main reason for this is that the resources allocated for ePDCCH is UE-specific, i.e. different resource blocks (in terms of ePDCCH clusters in [7]) can be allocated to different UEs for their ePDCCH transmission. To avoid collisions among the UEs belonging to different ePDCCH resources, it is preferred that the HARQ-ACK resource regions could be configured separately. At the same time, this provides the possibility for interference coordination among different transmission points in CoMP scenario 4. Moreover, as pointed out in [2], in CoMP scenario 3/4 when a UE has decoupled uplink and downlink, a UE-specific resource region is preferred to avoid possible collision between the CoMP UE and the UE served by the Pico node. 

Alternatively, a dynamic indication (e.g. ARI) based solution was proposed [3]. The problem with this solution is additional overhead in DCI and it is not clear whether the blocking probability is acceptable with the proposed 2 bits ARI especially in case when multiple resources are allocated for ePDCCH transmission.  
Observation 2: UE-specific start position of PUCCH HARQ-ACK resource region is preferred for ePDCCH scheduled PDSCH.
It is a common understanding that MU-MIMO can be supported for ePDCCH, although there is no need to specify it explicitly in the standard. In this case, multiple UEs occupy the same frequency-time resources but on different antenna ports. To avoid resource collisions between the paired users on ePDCCH, the antenna port information could be used in additional to the eCCE index for PUCCH HARQ-ACK resource determination. It could be studied further whether the antenna port information is needed for distributed ePDCCH. Following the design principles proposed in [8], the antenna port information may not be necessary for a distributed ePDCCH.
Observation 3: The antenna port information should be used in determining the PUCCH HARQ-ACK resource for localized ePDCCH to avoid collisions for MU-MIMO.

Based on the analysis above, the PUCCH format 1a/1b resource for HARQ-ACK transmission in response to ePDCCH scheduled PDSCH could be determined by the lowest eCCE index of corresponding ePDCCH. A UE-specific offset providing the start position and an antenna-port-specific offset could be used to avoid possible resource collisions. 
Proposal: The PUCCH format 1a/1b HARQ-ACK resource in response to ePDCCH scheduled PDSCH is determined as follows 



[image: image1.wmf](

)

p

PUCCH

k

N

n

n

+

+

=

)

1

(

PUCCH

-

UE

eCCE

1

                            (1)

where 
[image: image2.wmf]eCCE

n

is the lowest eCCE of the detected ePDCCH, 
[image: image3.wmf])

1

(

PUCCH

-

UE

N

 is the UE-specific PUCCH resources offset configured by higher layers and 
[image: image4.wmf]p

k

 is an antenna port-specific offset associated with antenna port 
[image: image5.wmf]p

, where 
[image: image6.wmf]p

 is the antenna port allocated to the first CCE of corresponding ePDCCH. For distributed ePDCCH, 
[image: image7.wmf]109

,

107

,

0

=

=

p

k

p

 and for localized ePDCCH, 
[image: image8.wmf]{

}

110

,

109

,

108

,

107

,

107

Î

-

=

p

p

k

p

.
3 Conclusion
This contribution discussed the issue related to PUCCH format 1a/1b HARQ-ACK resource allocation for ePDCCH scheduled PDSCH. Based on the discussion, we propose the following 
Proposal: The PUCCH format 1a/1b HARQ-ACK resource in response to ePDCCH scheduled PDSCH is determined as follows 
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