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Discussion and decision
1 Introduction

In last meeting, some agreements were achieved as[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
In this contribution, we show our views on the remaining aspects of PUCCH resource determination for EPDCCH.
2 Discussion
After discussion in last meeting, the principle of PUCCH resource determination is supported to be extended for EPDCCH by most companies, and the lowest eCCE index is agreed to be used to determine PUCCH resource. In addition, as a UE-specific PUCCH resource starting offset configuration is agreed, an implicit PUCCH resource allocation mechanism seems to be set up for EPDCCH. However, there is a potential PUCCH resource collision for localized EPDCCH when MU transmission is used, for which, two solutions have been proposed as indication based on antenna port index i.e. Opt 1 and indication based on dynamical signalling i.e. Opt 2.
The motivation of indication based on EPDCCH antenna port index is just to avoid PUCCH resource collision for MU-MIMO EPDCCH, which means that the PUCCH resource is determined as
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 is the configured PUCCH resource starting offset and 
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 is the lowest eCCE index. As UEs paired together are configured with different DMRS port 
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 for EPDCCH demodulation, different PUCCH resources can be derived and the collision can be avoided with an example assumption as 
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. Associating with EPDCCH antenna port index is a natural solution without any signalling overhead increase. However the drawback is that PUCCH overhead may be large as separate PUCCH region should be reserved for each EPDCCH set to avoid resource collision.
Opt 2 i.e. introducing dynamical signalling to indicate PUCCH resource offset, is proposed not only for PUCCH resource collision avoidance of MU, but also for the PUCCH resource efficiency improvement[2]. In particular, as aggregation levels more than 1 are often used in practice, UEs configured with different EPDCCH set can be configured with proper PUCCH resource starting offset to share PUCCH resource region, so that unused PUCCH resources can be employed with a large probability. PUCCH resource region sharing will cause potential PUCCH resource collision, but the dynamical signalling can select proper resource flexibly to reduce the collision probability. In case dynamical signalling is incapable of resource collision avoidance, scheduling restriction can be further considered.
From the perspective of PUCCH resource efficiency improvement, maybe antenna port selection can be used as a way to avoid resource collision if PUCCH resource sharing is permitted for Opt1. However, it brings some restriction on EPDCCH transmission because the main function of antenna port selection is to keep the port orthogonality for the case of MU transmission as well as CoMP. Therefore, it seems better to decouple PUCCH resource determination with EPDCCH antenna port. The drawback of Opt 2 is the signalling overhead, but compared with the size of current DCI, such increase is quite few. Other than introducing ARI, CRC mask can be considered as a complementary solution which can alleviate the overhead increasing. 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 1: It is not necessary to associate PUCCH resource with EPDCCH antenna port index.
Proposal 2: Dynamically signalled PUCCH resource offset by EPDCCH 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 further 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: It is not necessary to associate PUCCH resource with EPDCCH antenna port index.
· Proposal 2: Dynamically signalled PUCCH resource offset by EPDCCH 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 further as a complementary solution to alleviate signalling overhead increasing.
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