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Discussion and decision
1 Introduction

After discussion in last meeting and relevant email discussion, a WF on the PUCCH resource allocation for ePDCCH is agreed as,
· 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

To determine the PUCCH format 1a/1b resource, there are two choices basically, as eCCE index and PRB index. If PRB index is used, some specific problems as SPS-release ePDCCH, cross-carrier scheduling ePDCCH and much more PUCCH resources to be reserved, require particular solutions which have more impacts on specification. Therefore, we prefer eCCE index in order to reuse Rel-8 mechanism as much as possible. In this contribution, we will show our considerations on remaining details in case eCCE index is used to determine PUCCH format 1a/1b resource.
2 Discussion
In order to reuse Rel-8 mechanism, an implicit mapping is suggested to be established between eCCE and PUCCH 1a/1b resource for ePDCCH. Considering factors as CoMP and MU-MIMO, relevant details should be studied carefully to avoid potential collision, which will be discussed in the following text.
The first question is how to determine the PUCCH region which all eCCEs configured to a UE should map to. In Rel-8, a global CCE numbering with cell-specific PUCCH resource starting position configuration is used to determine the PUCCH region. However, the flexibility of PUCCH region determination of such solution is quite limited. For these cases mentioned below, a more flexible solution is required.
· Collision avoidance between ePDCCH and PDCCH

In order to avoid the collision of PUCCH 1a/1b resource, non-overlapped PUCCH region is preferred for ePDCCH and PDCCH, which requires an additional PUCCH resource starting position to be configured for UE to determine the PUCCH region associated with ePDCCH.
· ICIC/UL-CoMP for PUCCH
In HetNet or CoMP scenario, the interference on PUCCH of Pico from Macro may be serious. To solve this problem, ICIC i.e. Macro’s and Pico’s PUCCH region occupy different PRBs, can be expected, which may also requires an additional PUCCH resource starting position configuration to achieve such separation. In addition, for PUCCH, the application of UL-CoMP including DPS and JR also requires one or more PUCCH resource starting positions associated with transmission point to be configured for UE.
· Promoting the PUCCH resource efficiency

If one to one mapping is employed between eCCE and PUCCH resource, it is obvious that the reserved PUCCH resources cannot be utilized efficiently when aggregation level larger than 1 is used. In order to promote PUCCH resource efficiency, multiple to one mapping can be considered between eCCE and PUCCH resource. UE-specific eCCE numbering other than global numbering can achieve such mapping. In particular, configured with different search space region, UEs can be indicated with same or adjacent PUCCH resource starting position, and then use UE-specific eCCE numbering to share an overlapping PUCCH region to determine resources.
Other than legacy mechanism, UE-specific eCCE numbering with UE-specific PUCCH resource starting position configuration is suggested to achieve flexible scheduling of PUCCH 1a/1b resource, in view of specific requirements of Rel-11 mentioned above.
Proposal 1: UE-specific eCCE numbering with UE-specific PUCCH resource starting position configuration is suggested.
In Rel-8, PUCCH resource is determined by the lowest CCE index. It is natural to extend this principle into ePDCCH, i.e. the PUCCH resource for ePDCCH is determined by the lowest eCCE index, which can save much specification effort. But for localized ePDCCH, especially when MU-MIMO is performed, resource collision will occur because paired UEs occupy the same lowest eCCE index. Some companies suggest utilizing the DMRS port configuration of ePDCCH to avoid such resource collision, which means that the exact PUCCH 1a/1b resource for ePDCCH is determined by the lowest eCCE index plus DMRS port information as
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As UEs paired together are configured with different DMRS port 
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 for ePDCCH demodulation, different PUCCH 1a/1b resources can be derived and the collision can be avoided with an example assumption as
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This solution is straightforward but less flexible, because one to one mapping can only be achieved between eCCE and PUCCH resource by it. Another method to avoid collision is dynamic resource selection, in which different PUCCH resources are indicated to paired UEs via L1 signalling. In addition, it is noteworthy that PUCCH resource efficiency improvement can be achieved by dynamic resource selection as well.
To support dynamic resource selection, explicit L1 signalling such as ARI has been proposed as a candidate solution [1], which might require additional 1~2 bits in DL DCI. This solution is quite simple, but increases the signalling overhead. To alleviate the overhead increasing, CRC mask can be considered as a complementary solution. In particular, similar as the antenna selection of UE, CRC mask is introduced to the CRC scrambling of DL DCI, and the PUCCH resource determination is based on the detected CRC mask.
Proposal 2: The PUCCH 1a/1b resource should be associated with the lowest eCCE index.

Proposal 3: Dynamic resource selection is suggested, which can achieve PUCCH collision avoidance as well as PUCCH utilization efficiency improvement.
· ARI is suggested to be introduced, and CRC mask can be considered as a complementary solution to alleviate signalling overhead increasing.
3 Conclusion
Our views on PUCCH resource allocation for ePDCCH are listed as follows,
· Proposal 1: UE-specific eCCE numbering with UE-specific PUCCH resource starting position configuration is suggested.

· Proposal 2: The PUCCH 1a/1b resource should be associated with the lowest eCCE index.

· Proposal 3: Dynamic resource selection is suggested, which can achieve PUCCH collision avoidance as well as PUCCH utilization efficiency improvement.

· ARI is suggested to be introduced, and CRC mask can be considered as a complementary solution to alleviate signalling overhead increasing.
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