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1. Introduction
During several meetings, the design of enhanced DL control channel has been discussed as new WI, which can utilize many beneficial schemes and increase DL control channel capacity for many deployment scenarios (e.g. CoMP, HetNet, new carrier type scenario). Together with enhanced DL control channel (i.e. E-PDCCH), PUCCH resource mapping rule when configuring E-PDCCH was provided by some companies [1]-[9]. In this contribution, we also provide our view on this issue.
2. PUCCH resource mapping with E-PDCCH
In Rel-10, there are three different PUCCH formats (i.e. PUCCH format 1/1a/1b/2/2a/2b/3) to support UCI transmission. Among those PUCCH formats, the PUCCH resources (i.e. 
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) for PUCCH format 1/1a/1b transmission can be derived from implicit manner which is based on lowest CCE index used to construct corresponding PDCCH to schedule the PDSCH transmission. By taking the above point into account, the PUCCH resource mapping rule should be clarified to avoid a possible PUCCH resource collision between legacy UE and Rel-11 UE configured E-PDCCH. The possible alternatives could be by following:
Alt 1. Offset based (Implicit)
Similar to legacy implicit PUCCH resource allocation, one of the eCCE used to construct E-PDCCH can be used for PUCCH resource allocation based on implicit manner, if eCCE mapping unit is introduced to construct the E-PDCCH. In this approach, there can be two different ways for PUCCH resource derivation in response to legacy PDCCH or E-PDCCH, where the one is that same PUCCH resource set can be shared for both legacy PDCCH and E-PDCCH by some scheduling restriction, the other is that different PUCCH resource set can be respectively used for either legacy PDCCH or E-PDCCH by using specific offset value on PUCCH region. Additionally, in order to reduce the PUCCH resource overhead, eCCE numbering within search space configured for a UE and higher layer offset value can be used for PUCCH resource derivation corresponding to E-PDCCH [3]. In order to reduce the PUCCH overhead, current one to one mapping between CCE and PUCCH resource could be modified by many to one mapping using dynamic signaling [7] and by adding two bits in DL DCI format to indicate additional offset in implicit PUCCH resource allocation, PUCCH resource corresponding to E-PDCCH can be derived [8].
Considering the above details of implicit schemes based on eCCE value constructing a E-PDCCH, several candidates approach based on implicit PUCCH resource allocation can be provided for handling PUCCH resource allocation in response to E-PDCCH. If the implicit based solution is agreed for this issue as a base approach, the simple and efficient method should be applied for PUCCH resource allocation scheme in response to E-PDCCH.
Alt 2. Network configuration (e.g. RRC) (Explicit)
The eNB can indicate exact PUCCH region for E-PDCCH configured Rel-11 UEs. As Rel-10 parameters to indicate the starting point of PUCCH resource allocation in PUCCH region, same approach can be applied for PUCCH resource allocation corresponding to E-PDCCH. However, as usual, this approach could not be used for efficient PUCCH resource utilization (e.g. BW fragmentation).
In UL CoMP discussion in RAN1#68bis, we have discussed introducing an additional PUCCH region parameter for dividing PUCCH region for reliable PUCCH detection in UL CoMP scenarios. By using additional parameter, it might indicate the not only separate PUCCH region for CoMP but also, PUCCH region corresponding to E-PDCCH. However, it is not clear the detailed utilization on additional parameter for distinguishing PUCCH region when configuring E-PDCCH for DL-grant scheduling in CoMP scenarios together [9].
Alt 3. Hybrid method based (Hybrid)

Hybrid scheme for PUCCH resource derivation can be also discussed for HARQ-ACK feedback corresponding E-PDCCH, and an HARQ A/N resource indicator (i.e. ARI) as typical hybrid method in current Rel-10 specification can be introduced where it is based on higher layer configured PUCCH resources and dynamic signaling in DL DCI format (i.e. TPC field reuse in PDCCH for SCell PDSCH scheduling). Therefore, if there are some benefits from hybrid scheme for Rel-11 UEs, this kind of approach (i.e. Hybrid) is able to be discussed for PUCCH resource derivation when PDSCH transmission is scheduled by E-PDCCH. 
Based on these three alternatives, we can discuss further details to clarify the PUCCH resource allocation when E-PDCCH is configured. However, since the E-PDCCH design is not completed yet now, it may be affected by the final E-PDCCH design which is whether eCCE mapping unit is introduced for E-PDCCH as for PDCCH. Anyway, it is strongly preferred that more clear PUCCH resource derivation should be introduced considering efficient PUCCH resource utilization corresponding to E-PDCCH. In that sense, the implicit based solution could be good baseline for handling this issue and the combination of network parameter for UL CoMP and implicit manner is also possible to clarify the PUCCH resource allocation method in all the scenarios with configuration of E-PDCCH to the UE. And also, network parameter for separate PUCCH region and implicit PUCCH allocation method could be individually configured by taking the deployment scenarios (e.g. CoMP, NCT and so on) into account. The detailed approach would be needed for further progress.
3. Conclusion
We have discussed the PUCCH resource allocation in response to E-PDCCH and provide our views on this issue. The following is our proposal:
Proposal: Above three alternatives can be good starting point to discuss PUCCH resource allocation in response to E-PDCCH. In resource utilization perspective, implicit based solution of PUCCH resource derivation is preferred as a baseline.
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