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1. Introduction

Dynamic PUCCH resource allocation based on EPDCCH scheduling has been extensively discussed over the past two RAN1 meetings. It was agreed in RAN1 #70 that

· 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 signaling 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. 
This contribution addresses the unresolved aspects regarding collision avoidance for FDD.
2. Discussion

Based on the current agreement above, it is possible to directly use the lowest indexed eCCE for PUCCH resource allocation. Therefore, if a UE detects a DL assignment or SPS release indication in the kth EPDCCH set, the corresponding PUCCH resource is given by
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, where, for simplicity we have neglected the dependence on the PUCCH antenna port index. It has been agreed that in some cases the minimum EPDCCH aggregation level is 2. Therefore, for such cases it makes sense to efficiently utilize PUCCH resources by modifying the expression above to
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, where ALmin is the minimum aggregation level.

 The unresolved aspects regarding dynamic PUCCH resource allocation mainly involve how to avoid resource collision of PUCCH Formats 1a/1b due to DL assignments between PDCCH/EPDCCH and between EPDCCH sets. Configuring a PUCCH resource offset for each EPDCCH set may allow some degree of interference coordination in the DL control region. It also allows some degree of scheduling flexibility because the UE-specific search space is defined by one or more EPDCCH sets. 
On the other hand, PUCCH resource collision can only be completely avoided by defining non-overlapping PUCCH regions for each EPDCCH set. The drawback of this approach is that PUCCH resource reservation is directly proportional to the total number of EPDCCH sets. Although this could potentially be a significant limitation if the cell is heavily loaded, it should not be a major issue for a lightly loaded cell since the EPDCCH region is not fixed in contrast to the PDCCH region.
A proposed enhancement for collision avoidance is to add an EPDCCH antenna port specific offset kp to the PUCCH resource allocation [1],
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This approach enables MU-MIMO transmission for localized EPDCCH by resolving collision due to the same starting eCCE index. 

Proposal: introduce an antenna port specific offset for PUCCH resource allocation.

A different approach to collision avoidance was proposed in e.g. [2], wherein a HARQ-ACK resource indicator (ARI) is dynamically signaled. As such, the resource allocation becomes
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where the term ΔARI is an offset value to the base PUCCH resource. One exemplary usage is to define a 2-bit ARI field with values [-δ, 0, δ, 2 δ] where δ is the unit offset value. Therefore, the eNB has 3 possible offsets to avoid collision between PUCCH resources. This proposed solution offers several benefits in addition to collision avoidance between PUCCH resources assigned by EPDCCH and PDCCH. For instance, it can reduce PUCCH overhead by allowing overlap of PUCCH regions defined by PDCCH and EPDCCH sets. 

The drawback of ARI, as with any dynamic signaling scheme, is the tradeoff between flexibility and the DL signaling overhead. First, the ARI field shall be added to all DCI formats transmitted on the EPDCCH. Adding at least 2 bits to DCI format 0 for example reduces the coverage for EPDDCH with respect to UL grants. Note that since it has been agreed that RRC signaling is not introduced to support ARI, this feature cannot be turned on/off based on UE geometry. As it is not clear that 2 bits would be sufficient some more analysis of this approach is required.
Observation: further consideration is needed on the introduction of an ARI field for collision avoidance.
3. Conclusion

This contribution considered remaining details regarding dynamic PUCCH resource allocation for EPDCCH assignments. In summary we propose:
· The base PUCCH resource allocation is given by 
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where ALmin is the minimum aggregation level.

· Introduction of an antenna port specific offset for PUCCH resource allocation.

· Further consideration is needed on the introduction of an ARI field for collision avoidance.
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