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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
Further discussion on implicit HARQ-ACK resource allocation in the case of EPDCCH took place in RAN1#70, where following agreements were reached [2]:

Lowest eCCE index of the corresponding EPDCCH is a component of PUCCH resource determination

· A UE is configured with a semi-static PUCCH resource starting offset for each EPDCCH set; eCCE is indexed per EPDCCH set

· FFS until RAN1#70bis between 

· Option A) not to use dynamically signaled PUCCH resource offset by EPDCCH

· Option B) dynamically signaled PUCCH resource offset by EPDCCH

· Whichever of options A and B is chosen, RRC signalling will not be introduced.

· FFS until RAN1#70bis for localized EPDCCH among
· Option X) not to use antenna port index
· Option Y) to use antenna port index of EPDCCH
· Option Z) to use antenna port index of PDSCH

TDD aspects are FFS – if solutions are needed, aim for solutions without RRC impact. 

In RAN1#70bis some further discussion took place regarding whether to introduce a 2-bit ARI field into the DL DCI formats to enable some degree of dynamic resource selection. However, no conclusions were made regarding ARI.

Conclusion: No additional RRC bits for PUCCH resource allocation configuration. 

(Mentioned possibilities for the 4 ARI values:

· {-2, 0, 2, 4}

· {-2, 2, offset1, offset2}

· FFS depending on ECCE indexing

· …?)

In this contribution we present our views on the remaining details related to ACK/NACK resource allocation principles to support EPDCCH operation in Release 11 taking the above agreement into account. The focus of this contribution is on FDD. TDD related aspects are addressed in a companion contribution [3]. 
2. Discussion
The main open point related to PUCCH format 1a/b resource allocation corresponding to EPDCCH is whether there is a need to introduce a way to dynamically impact the selection of the PUCCH resource. The two first FFS-points in the agreement from RAN1#70 address this issue.
The agreement to have UE specific EPDCCH sets allows in principle for having fully non-overlapping PUCCH format 1a/b resources by setting the “semi-static PUCCH resource starting offset” properly. However, this kind of arrangement leads to maximized UL (PUCCH) overhead and is hardly a practical solution. Hence in practise it seems inevitable that the PUCCH resources of different UEs and/or EPDCCH sets will need to overlap at least partially. This fact leads to the issue of PUCCH resource collisions, which may not be easy to avoid without complicated an unwanted scheduling restrictions.

Observation: Not having a mechanism to offset the implicitly derived PUCCH resource leads to increased UL overhead and /or added EPDCCH scheduling restrictions
In order to be able to manage PUCCH resources efficiently, we see that there is a need to have a mechanism to be able to dynamically offset the selection of the PUCCH resource corresponding to PDSCH scheduled via EPDCCH. To be specific, in addition to the lowest eCCE index and the semi-static EPDCCH set –specific offset, the PUCCH resource used for EPDCCH HARQ-ACK transmission should also depend on another dynamically signalled parameter or parameters. 
When considering the support for MU-MIMO on EPDCCH, a straight forward way of providing support is to include the index of EPDCCH antenna port into the resource allocation formula. Having the PUCCH HARQ-ACK resource corresponding to EPDCCH-based data dependent on the EPDDCH antenna port provides a further degree of freedom and provides necessary flexibility for the eNodeB also in the case of MU-MIMO without any additional signalling overhead. 
Proposal 1: In addition to the lowest eCCE index and the semi-static EPDCCH set –specific offset, the PUCCH resource used for EPDCCH HARQ-ACK transmission should also depend on the EPDCCH antenna port.
In addition to the antenna port index, further flexibility for POUCCH resource management can be achieved with ARI. In order to avoid excessive UL overhead it seems sometimes necessary to configure at least partly overlapping PUCCH format 1a/b resource regions for multiple EPDCCH sets. However, in that case it may not be easy to avoid PUCCH resource collisions (i.e. EPDCCH blocking) without stringent scheduling restrictions. We are of the opinion that such restrictions should be avoided by providing the network with sufficient means to dynamically select the UL resource to be used of HARQ-ACK transmission.
Regarding the formulation of the above proposal, the dependency on the EPDCCH antenna port and ARI can simply be incorporated with the following formula:
Proposal 2: The implicit resource for HARQ-ACK(s) coming from EPDCCH is determined as
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is the ACK/NACK resource indicator. 
Regarding the values of the 2-bit ARI, RRC-configuration of the values is essentially precluded due to the agreement in RAN1#70bis. In our view the ARI has two purposes:
· Smaller values can be used to resolve resource collisions when the utilization rate of EPDCCH is relatively low
· Larger values can resolve collisions that are otherwise hard to mitigate and provide means to compress PUCCH resource region depending on the number of scheduled users.

The Figure 1 below illustrates the use case for larger ARI values. We consider two valid EPDCCH resource assignment strategies: orthogonal (upper part of the figure) and fully overlapping PUCCH resources (lower part of the figure). In the case of orthogonal PUCCH resources, when the EPDCCH load happens to be low for a given time instance, the number of PUCCH resources is largely over dimensioned and hence unnecessary UL overhead occurs. An easy way to avoid this is to include one “large” ARI value, which can be used to compress the PUCCH region when possible. A suitable value for ARI in this case would be corresponding to the number of eCCEs in the given EPDCCH set, i.e. –NeCCE. 
Correspondingly, when the different EPDCCH sets have been configured with the same semi-static offset parameter, it may happen that the PUCCH resource blocking cannot be avoided with any “small” ARI value. In this case having an ARI value NeCCE can be used to ensure there is a PUCCH resource available.   
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Considering the above facts, our proposal for the four ARI values is:

Proposal 3: The preferred set of values for ARI is {0, 2, NeCCE, - NeCCE }.
3. Conclusions

In this contribution we discussed the remaining aspects related to HARQ-ACK resource allocation for the PUSCH transport blocks scheduled via ePDCCH. Regarding the need for a dynamic additional offset term in the resource allocation formula, we make the following observation:
Observation: Not having a mechanism to offset the implicitly derived PUCCH resource leads to increased UL overhead and /or added EPDCCH scheduling restrictions
Furthermore, regarding HARQ-ACK signaling details, following proposal is made:

Proposal 1: In addition to the lowest eCCE index and the semi-static EPDCCH set –specific offset, the PUCCH resource used for EPDCCH HARQ-ACK transmission should also depend on the EPDCCH antenna port.

Proposal 2: The implicit resource for HARQ-ACK(s) coming from EPDCCH is determined as
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is the ACK/NACK resource indicator.
Proposal 3: The preferred set of values for ARI is {0, 2, NeCCE, - NeCCE }.
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