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1  Introduction
At the RAN1#70 meeting, the issues of PUCCH resource allocation for ACK/NACK transmission in response to EPDCCH scheduled PDSCH were discussed and the following agreements were reached.
Agreements:
· 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 this contribution, we present our views on some remaining issues on PUCCH resource allocation for EPDCCH scheduled PDSCH.
2  Discussion
In Release 8-10, PDSCH is scheduled by PDCCH and PUCCH resource for ACK/NACK in response to the scheduled PDSCH is determined as follows 
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 is the lowest CCE index of the PDCCH and 
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 is the cell-specific PUCCH resource offset configured by higher layer. Since one PDCCH is used to schedule one UE in a subframe, there is one-to-one mapping between 
[image: image4.wmf](

)

1

PUCCH

n

 and 
[image: image5.wmf]CCE

n

. Therefore, it is impossible to cause collision of PUCCH resource. 

In Release 11, EPDCCH is introduced to improve the capabilities and performance of the physical layer control signaling. To derive the PUCCH resource for the PDSCH scheduled via EPDCCH, similar to the legacy PDCCH, it has been agreed that the lowest ECCE index of the corresponding EPDCCH is a component of PUCCH resource determination. If the same cell-specific PUCCH resource offset is applied, it may cause collision of PUCCH resource corresponding to PDCCH and EPDCCH. Although the collision can be avoided by imposing restriction on the scheduler to not to use the same lowest CCE/ECCE index, it reduces the scheduling flexibility and lead to the degradation of throughput. 

Besides, considering a UE may have multiple EPDCCH sets and one EPDCCH set may be shared by many UEs [1], the index of ECCE is agreed to be defined per EPDCCH set to reduce the PUCCH resource overhead compared to the scheme of global indexing across all EPDCCH sets. However, when the ECCE index of different EPDCCH sets are the same, the PUCCH resources of different EPDCCH sets may collide with each other. 
2.1 Dynamically signaled PUCCH resource offset
Based on the above discussion, to avoid collision of PUCCH resource corresponds to EPDCCH and PDCCH and collision of PUCCH resources corresponds to EPDCCHs, additional PUCCH resources in response to the PDSCH transmission scheduled by EPDCCH can be introduced by assigning different PUCCH resource offset using UE-specific higher layer signaling. For example, the PUCCH resource for the PDSCH scheduled by EPDCCH can be determined by 
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where 
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 is UE-specific PUCCH resource offset. By configuring 
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 for each UE, either separate or partial overlap PUCCH resource is created. When separate PUCCH resource regions corresponding to different EPDCCH sets are applied, it leads to inefficient PUCCH resource utilization at low load of EPDCCH. In order to avoid excessive overhead, one possibility is to configure partial overlap PUCCH resource. However, this may raise the blocking probability of EPDCCH. 
It is difficult to use only an semi-static PUCCH resource offset to pre-allocate the PUCCH resource for EPDCCH as the utilization of EPDCCH is dynamic and changes in each subframe. As a result, we support to introduce a dynamically signaled ARI for the efficient utilization of PUCCH resource [2], i.e.,
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If the PUCCH resources corresponding to different UEs collide with each other, the network can dynamically redirect the HARQ response to another ACK/NACK resource using ARI. This solution is robust against collisions and alleviates the scheduler restrictions.
Proposal 1: Dynamically signaled PUCCH resource offset by EPDCCH should be introduced.
2.2 PUCCH resource allocation in localized EPDCCH 
It is a common understanding that MU-MIMO can be supported for localized EPDCCH, which means that multiple UEs occupy the same time-frequency resources but on different antenna ports. Hence, simply relying on the lowest ECCE index of the EPDCCH is not be able to distinguish the ACK/NACK resources from one UE to another due to the same lowest ECCE index. To avoid PUCCH resource collision among the multiple scheduled users, the antenna port information could be used in addition to the ECCE index for PUCCH resource determination. However, the drawback is that PUCCH overhead may be large because separate PUCCH region should be reserved for each ECCE index.
Another solution to avoid collision is to use ARI mentioned above, in which different PUCCH resources are indicated to UEs via DCI. In the case of spatial multiplexing of EPDCCH, the collision of PUCCH resource induced from the same lowest ECCE index can be resolved by assigning different value of ARI.

Proposal 2: Not to use antenna port index.

3 Conclusion
Based on the above discussion, we propose that:
Proposal 1: Dynamically signaled PUCCH resource offset by EPDCCH should be introduced.
Proposal 2: Not to use antenna port index.
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