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1 Introduction
In RAN1 #66bis, motivation and application scenarios for enhanced PDCCH (E-PDCCH) were discussed. The working assumption of introducing E-PDCCH in Rel-11 was made. A relevant aspect of E-PDCCH design is the determination of PUCCH resource for HARQ-ACK transmission corresponding to a DL grant transmitted in E-PDCCH [1]. In this contribution, we discuss the PUCCH resource allocation for E-PDCCH.

2 Discussion
In general, the following two PUCCH resource allocation methods for E-PDCCH can be considered.
· Alt.1: implicit PUCCH resource allocation

The essence of this alternative is same as PUCCH format 1a/1b resource allocation for legacy PDCCH. The PUCCH resource index is determined by E-PDCCH CCE index (assuming E-PDCCH CCE is properly defined). The amount of reserved PUCCH resources depends on the number of configured E-PDCCH resources (or E-PDCCH CCEs) from the system perspective.
· Alt.2: explicit resource allocation

PUCCH resources corresponding to DL grant transmitted in E-PDCCH is explicitly assigned on a UE specific basis. This is similar to PUCCH format 3 resource allocation. ACK/NAK resource indicator (ARI) in DL grant can be used to reduce the amount of PUCCH resources associated with E-PDCCH from the system perspective. 

From the system PUCCH overhead perspective, Alt.1 is more suitable for E-PDCCH use cases where there are a large number of UEs configured with E-PDCCH in the system, while Alt.2 is more proper for E-PDCCH use cases where there are only a small number of UEs configured with E-PDCCH. Since E-PDCCH can be used in a variety of use cases, for example single carrier hetnet deployments (Alt.1 may be more suitable) and extension carriers (Alt.2 may be more suitable), it is beneficial to design a flexible PUCCH resource determination scheme for E-PDCCH to cover these different use cases. 
It is further noted that the PUCCH resource determination scheme for E-PDCCH is dependent on the detailed structure of E-PDCCH design, e.g. the definition of E-PDCCH CCE, the search space of E-PDCCH, the UE-specific E-PDCCH resource indication etc. Hence, it is better to settle on these design aspects of E-PDCCH first before studying the PUCCH resource determination for E-PDCCH.
3 Conclusions
In this contribution, we discuss the PUCCH resource allocation for E-PDCCH, with the following two proposals:
Proposal 1: Aim to design a flexible PUCCH resource determination scheme for E-PDCCH to cover different E-PDCCH use cases where the number of UEs configured with E-PDCCH may be either large or small.

Proposal 2: Agree on detailed design of E-PDCCH (e.g. E-PDCCH search space, E-PDCCH CCE definition, E-PDCCH resource indication) before agreeing on the PUCCH resource determination for E-PDCCH.
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