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1
Introduction
In Rel-11, an enhanced physical downlink control channel (EPDCCH) will be introduced. In RAN#70, some progress on PUCCH resource allocation for EPDCCH was made. In this contribution, we share our views on some remaining details on PUCCH resource allocation for EPDCCH.
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 and RAN1#70, 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

· 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

· TDD aspects are FFS – if solutions are needed, aim for solutions without RRC impact.
In RAN1#70 bis, it was agreed that no additional RRC bits for PUCCH resource allocation configuration.
For a given cell, generally speaking, 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 was agreed to be introduced for EPDCCH based downlink transmissions on a per EPDCCH set basis. 
The placement of the two resource pools (legacy vs. new PDCCH) 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 for a tradeoff between ACK/NAK resource collision avoidance and control channel scheduling flexibility. Note that, due to the agreement that the semi-static PUCCH resource starting offset is configured on a per EPDCCH set basis, eNB has additional flexibility in balancing the need. The need for additionally signalling PUCCH resource offset by EPDCCH is not that strong. As a result, we propose:

· Proposal 1: Dynamically signalled PUCCH offset by EPDCCH is not adopted in Rel-11.
For localized EPDCCH, since the starting eCCE indices of two or more EPDCCHs typically would be distinct, the benefits of further introducing antenna port index are not clear for the tradeoff between PUCCH resource collision avoidance and control channel scheduling flexibility. As a result, it is not necessary to have such a feature in Rel-11 either.
· Proposal 2: Antenna port index is not used for PUCCH resource derivation for localized EPDCCH in Rel-11.

For TDD, multiple downlink subframes may be mapped to the same uplink subframe for PUCCH resource management. In Rel-8, the CCE indexing is preformed on a per symbol basis in a sequential manner across the subframes in the same association set, in order to avoid PUCCH resource avoid and to alleviate the amount of PUCCH resources reserved. A similar idea can be adopted for EPDCCH based downlink transmissions. In particular, the eCCE indexing can be numbered consecutively and sequentially across different subframes in the same EPDCCH set. As an example, assuming the size of the downlink subframe association is M=2 for an uplink subframe in TDD, and two EPDCCH sets are configured for a UE. The eCCE indexing can be done as follows:
· EPDCCH set 1, with a total number of NeCCE, 1 eCCEs

· m=1, {0, 1, …,NeCCE, 1 – 1}

· m=2, { NeCCE, 1, NeCCE, 1 + 1, …, 2*NeCCE, 1 – 1}

· EPDCCH set 2, with a total number of NeCCE, 2 eCCEs

· m=1, {0, 1, …,NeCCE, 2 – 1}

· m=2, { NeCCE, 2, NeCCE, 2 + 1, …, 2*NeCCE, 2 – 1}

Thus, we propose:

· Proposal 3: For TDD, eCCE indexing is numbered consecutively and sequentially across different subframes for the same EPDCCH set.

Lastly, in RAN1#70bis, it was agreed that the DMRS scrambling sequence initialization parameter X is configured by UE-specific higher layer signalling, with 1 value per set and the default value of X for the second set is the same as the value for the first set. When the UE is configured with two sets of EPDCCH resources with the same initialization parameter X, it is possible that two EPDCCH decoding candidates belonging to two EPDCCH sets may occupy the same resources. As an example:

· The two sets have one overlapped PRB pair and the two sets are both configured with localized EPDCCH
· For a particular eCCE in the overlapped PRB pair, the eCCE is a decoding candidate for a UE in the first EPDCCH resource set

· The same eCCE is also a decoding candidate for the UE in the second EPDCCH resource set

In this case, from the UE perspective, there is an ambiguity regarding the set association of the EPDCCH decoding candidate. Since the eCCE indexing and the PUCCH resource starting offset are specified on a per set basis, the ambiguity in the set association of the EPDCCH decoding candidate would result in ambiguity in PUCCH ACK/NAK resource determination. 
· Observation: When two EPDCCH sets are configured with overlapped resources and the same DMRS scrambling sequence initialization parameter X is configured for both sets, there exists potential ambiguity whether an EPDCCH decoding candidate belongs to the first set or the second set, causing ambiguity in PUCCH ACK/NAK resource derivation.

To address this ambiguity, the UE can simply assume that the EPDCCH decoding candidate in ambiguity is always associated with the first set.
· Proposal 4: When there is ambiguity in the set association of an EPDCCH decoding candidate, the UE shall always assume that the decoding candidate is associated with set 1.

3
Conclusions 

In this contribution, we discussed some remaining issues in PUCCH resource management for EPDCCH based downlink transmissions, and propose the following:
· Proposal 1: Dynamically signalled PUCCH offset by EPDCCH is not adopted in Rel-11.

· Proposal 2: Antenna port index is not used for PUCCH resource derivation for localized EPDCCH in Rel-11.

· Proposal 3: For TDD, eCCE indexing is numbered consecutively and sequentially across different subframes for the same EPDCCH set.

Also, we have the following observation:

· Observation: When two EPDCCH sets are configured with overlapped resources and the same DMRS scrambling sequence initialization parameter X is configured for both sets, there exists potential ambiguity whether an EPDCCH decoding candidate belongs to the first set or the second set, causing ambiguity in PUCCH ACK/NAK resource derivation.

To address the ambiguity, we propose:

· Proposal 4: When there is ambiguity in the set association of an EPDCCH decoding candidate, the UE shall always assume that the decoding candidate is associated with set 1.
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