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1
Introduction
In Rel-11, an enhanced physical downlink control channel (ePDCCH) will be introduced. In this contribution, we share our views on deriving HARQ resource for ePDCCH based downlink transmissions.
2
Discussion
In Rel-11, ePDCCH will be introduced, including both localized and distributed ePDCCH. ePDCCH can be constructed based on the eREG concept for distributed ePDCCH and based on the eCCE concept for localized ePDCCH. 
For DL HARQ operation, it is necessary to specify the mechanism of deriving HARQ resource for ePDCCH based downlink transmissions. In RAN1#69, the following was agreed:
· 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

Regarding the resource index for HARQ resource derivation, generally speaking, there are two approaches:

· Alt 1: eCCE based

· Alt 2: PRB based

Alt 1 is similar to that of legacy PDCCH, where the starting eCCE index of ePDCCH can be used to derive the HARQ resource. As discussed in [1], MU-MIMO ePDCCH should not be supported by specification in Rel-11. As a result, antenna port index for ePDCCH is preferably not to be used for HARQ resource derivation. Note that, however, different from legacy PDCCH, ePDCCH for a cell may have two regions:

· Distributed ePDCCH

· Localized ePDCCH

A UE may monitor only one of the two regions [2], and configuration of ePDCCH region may be UE-specific. As a result, it becomes quite challenging for eNB to manage HARQ resource for the two types of ePDCCH. For a given ePDCCH region, a UE may have to be additionally signaled via RRC some offset to account for the existence of another ePDCCH region for HARQ resource derivation. Such indication can be further complicated if ePCFICH is to be introduced.
Alt 2 is similar to that of PHICH resource management, where the starting PRB index of PDSCH can be used to derive the HARQ resource. Compared with the eREG based approach, this approach eliminates the complexity involved in managing HARQ resources for localized and distributed ePDCCH. In light of MU-MIMO support of PDSCH, nSCID may further be used for differentiation of two PDSCHs of the same starting PRB. 
Note that there is one corner case for PRB based HARQ resource management. For downlink SPS release, a UE is required to respond with an ACK, and there is no associated PDSCH transmission. However, one may use the starting PRB index of the ePDCCH for downlink SPS release to derive the HARQ resource, especially given that ePDCCH and PDSCH do not share the same PRB pair. Alternatively, since downlink SPS release is a rather infrequent event, a UE may be layer 3 configured an explicit ACK/NAK resource.
Based on the above analysis, we propose:

· Proposal 1: PRB index based implicit HARQ resource derivation is adopted for ePDCCH based downlink transmissions.

For a given cell, there are two sets of implicit ACK/NAK resources, one corresponding to legacy PDCCH and the other corresponding to ePDCCH. The starting index of the implicit ACK/NAK resource pool for PDCCH based downlink transmissions is indicated via parameter NPUCCH(1).   In order to avoid collision of the two resource pools, a separate parameter can be introduced for ePDCCH based downlink transmissions, e.g., MPUCCH(1). 
· Proposal 2: A separate parameter is introduced to indicate the starting ACK/NAK resource index for ePDCCH based downlink transmissions.

The placement of the two resource pools and whether the two resource pools are completely orthogonal or partially overlapped can be left to eNB implementation. That is, eNB can manage the two resource sets based on the actual need. There may exist some UL resource fragmentation due to the presence of two resource pools and the actual usage of ACK/NAK resources. Note that for PHICH resource management, a 2-bit parameter is present in PBCH to indicate the total PHICH sizes, in order to provide a balance between the amount of reserved PHICH resource and UL scheduling flexibility. Such approach can be similarly introduced for ePDCCH based downlink transmissions, in order to balance the need between downlink scheduling flexibility and the amount of reserved HARQ resources. Denote the starting PRB of a PDSCH transmission as PRBstart  and the pool size as MPRB, a UE may then determine its HARQ resource based on:

Mod(PRBstart, MPRB)
The introduction of a HARQ resource pool size facilitates HARQ resource management in light of potential UL resource fragmentation due to reserved but unused HARQ resources. In addition, since both type 0 and type 1 PUSCH may be rescheduled to reuse such reserved resources, no additional standard based mechanism seems necessary to handle potential UL resource fragmentation.

· Proposal 3: A UE is further indicated a HARQ resource size for HARQ resource derivation.

3
Conclusions 

In this contribution, we discussed how to manage PUCCH resource for ePDCCH based downlink transmissions, and propose the following:
· Proposal 1: PRB index based implicit HARQ resource derivation is adopted for ePDCCH based downlink transmissions.

· Proposal 2: A separate parameter is introduced to indicate the starting ACK/NAK resource index for ePDCCH based downlink transmissions.

· Proposal 3: A UE is further indicated a HARQ resource size for HARQ resource derivation.
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