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1. Introduction
In RAN1#70, the following agreements were achieved [1].
· 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. 

As indicated above, several details on PUCCH resource allocation still need further study, such as whether dynamically signaled PUCCH resource offset is need or not and how to allocate PUCCH resource for localized EPDCCH. In this paper, we mainly discuss the two problems mentioned above.


2. Discussion
In order to avoid fragmented PUSCH resources, in LTE Rel-8/9/10, the PUCCH format 1a/1b resource allocation nPUCCH  for PDSCH ACK/NACKs is implicitly determined by the first CCE index of its DCI within PDCCH as
nPUCCH = N(1)PUCCH +nCCE 
For EPDCCH scheduled PDSCH ACK/NACKs, in RAN1#70, we agreed to semi-static configure a PUCCH resource starting offset for each EPDCCH set, and eCCE is indexed per EPDCCH set. As a result, the PUCCH resource format 1a/1b allocation nPUCCH  has the following component
nPUCCH = N(1)PUCCH +offset+nCCE,
where the offsets for different EPDCCH sets can be different or the same, which can make the PUCCH resources fully/partial overlapped, or fully separated as Figure 1 shown for an example.
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Figure 1 Allocation of PUCCH Format 1a/1b resources for different EPDCCH sets. 

2.1 Dynamically signaled PUCCH resource offset by EPDCCH 
If the PUCCH resources for EPDCCH/PDCCH are overlapped, there may have potential resource collision between different UEs. In order to solve these problems, two options have been proposed in RAN1#70[1]:

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

Option B) dynamically signaled PUCCH resource offset by EPDCCH
For option A), the eNB can configure non-overlapped PUCCH resources for each EPDCCH set and PDCCH by configuring big enough offset value. However, this method will result in PUCCH resource waste because the PUCCH resource for PDSCH ACK/NACKs is quite sparse. Alternatively, the eNB configures partial or even fully overlapped PUCCH resources for resource saving shown as Figure 2, which may increase the blocking rate of EPDCCH/PDCCH. However, eNB has flexibility to trade off between the PUCCH resource saving and lower the EPDCCH/PDCCH blocking rate.
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Figure 2 Resource allocation of PUCCH Format 1a/1b for fully or partial resource overlapped for PDCCH and different EPDCCH sets. 

For option B), dynamically signaled PUCCH resource offset by EPDCCH is introduced, e.g., 2-bit ARI [2], which can guarantee even without increasing the PUCCH resource, PUCCH blocking can be avoided by using 2-bit ARI[3]. However, this option brings in additional overhead in DCI and for small DCI payload size, 2 more bits are quite a large percentage.
Based on the above discussion, option A) leaves enough flexibility to eNB to trade off  benefit and constraint. As a result, we propose:
Proposal #1:  No dynamically signaled PUCCH resource offset by EPDCCH is needed. 
2.2  PUCCH resource allocation for localized EPDCCH
MU-MIMO can be supported by localized EPDCCH if the channel condition is good. In this case, there are more than one UE sharing the same lowest eCCE index.  If these UE sharing the same PUCCH resource starting offset, there will be PUCCH resource collision. And three methods have been proposed in RAN1# 70[1] for further study 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
For option X), in order to support MU-MIMO EPDCCH, the PUCCH resource starting offsets have to be different; otherwise, EPDCCH can not support MU-MIMO. Although the PUCCH resource starting offset is UE-specific configuration, it is hard for eNB to manage different offset for different UEs with the same EPDCCH set. 

Option Z) uses antenna port index of PDSCH. However, there will be the case that two UEs using the same localized EPDCCH but the PDSCH resources scheduled by DCIs for these two UEs are different and in each PDSCH resource, the same antenna port is used for PDSCH demodulation. In this case, PDSCH antenna port index can not be used to distinguish different PUCCH resource allocation for these two UEs. 
Contrarily, option Y), using antenna port index of EPDCCH, is the most straightforward way to avoid PUCCH resource collision for the case of EPDCCH supporting MU-MIMO. The PUCCH resource format 1a/1b allocation nPUCCH  can be simply written as
nPUCCH = N(1)PUCCH +offset+nCCE+f(APindex),

where f(APindex) is a function of antenna port index.
Proposal #2:   For localized EPDCCH, antenna port index of EPDCCH is used as a component of PUCCH resource determination. 


3. Conclusion

In this paper, we provide our views on details of PUCCH format 1a/1b resource allocation on with or without dynamically signaled PUCCH resource offset by EPDCCH and for localized EPDCCH how to avoid collision for MU-MIMO case. The proposals are concluded as follows.
Proposal #1:  No dynamically signaled PUCCH resource offset by EPDCCH is needed.
Proposal #2:   For localized EPDCCH, antenna port index of EPDCCH is used as a component of PUCCH resource determination. 
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