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1. Introduction

The followings were agreed during email discussion in the context of [69-15] after RAN1#69 [1];

The text below is agreed (Mr Chair's decision dated on June 9th ):

· 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

Other aspects are left until RAN1#70.
This contribution provides our views on PUCCH resource allocation for ePDCCH.

2. Discussions 
Implicit resource allocation
Either lowest eCCE index of ePDCCH or lowest PRB index of PDSCH can be used for dynamic PUCCH resource allocation of HARQ-ACK. In principle, two methods are similar to each other by reserving the PUCCH resources linked to eCCE or PRB indices while allowing dynamic resource allocation. For dynamic resource allocation in Rel-10, the CCE index based resource allocation is used for DL and the PRB based resource allocation is used for UL. By doing this, both can provide the efficient resource allocation. In addition, the dynamic PUCCH resource region and PUSCH can be shared by proper scheduling as well. However, since there is no corresponding PDSCH for SPS-release, the method for dynamic resource allocation cannot be determined.
Proposal 1: PUCCH format 1a/1b resource for HARQ-ACK transmission by ePDCCH is at least partly implicitly determined by the lowest eCCE index (
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) than the lowest PRB index considering SPS-release as well as the compliance of legacy mechanism for DL.

Collision avoidance of PUCCH format 1a/1b resources corresponding to ePDCCH and PDCCH

The potential collision of PUCCH resources corresponding to ePDCCH and PDCCH may happen in case of 
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 for dynamic resource allocation. Another collision factor would be SORTD or PUCCH format 1b with channel selection in CA which uses 
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. Therefore, the followings are the collision cases between PDCCH and ePDCCH;

· 
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The scheduling restriction for PDCCH and ePDCCH may avoid the PUCCH resource collision. However, considering the limited region of search space for each UE, the scheduling restriction method would have some potential restriction and it could increase the blocking probability for ePDCCH. 
One solution would be to separate the PUCCH regions for PDCCH and ePDCCH. However, it is almost impossible to entirely distinguish the PUCCH resources not only because the dynamic PUSCH resource region can share PUSCH region but also the PUCCH resource regions are stacked by block interleaving according to the DL subframes for TDD. Therefore, it would need another solution to avoid further collision issue.
The ARI (ACK/NACK Resource Indicator) as an offset value to the lowest eCCE index in [2] can alleviate the collision issue between PDCCH and ePDCCH. On the other hands, large value of ARI will not be needed because it is functionally same as the existing ARI value which indicates the PUCCH resource selection to be used among the RRC configured PUCCH resources. Since the lowest CCE index is decided to be introduced to determine the dynamic PUCCH resource, the offset value will be more appropriate for ARI usage. The ARI bits can be two as in TPC field for SCell used in Rel-10. In addition, considering another collisions due to SORTD or PUCCH format 1b with channel selection using 
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, it will be desirable that the offset values for ARI applying to the lowest eCCE index have the multiple of two. An illustration for ARI set is {-2, 0, 2, 4}.

Although the NCT (New Carrier Type) is postponed to Rel-12, ePDCCH should be also used for NCT. In particular, for stand-alone NCT, the ePDCCH can be used with implicit resource allocation for PUCCH as in Rel-10 PDCCH. In this sense, the resource allocation method for ePDCCH in stand-alone NCT can be migrated into that for legacy PDCCH by eliminating ARI field in ePDCCH because there will not be the collision of PUCCH resource between legacy PDCCH and ePDCCH.
Observation: 
· The ARI can alleviate the PUCCH resource collision from PDCCH and ePDCCH. It is desirable that ARI value is used as offset to the lowest eCCE index. Two bit ARI field can represent {-2, 0, 2, 4}.
· The ARI field can be removed when ePDCCH is used for stand-alone NCT.

Base on the discussion, we propose the dynamic resource allocation for ePDCCH as follows;

Proposal 2: 
· Two bit ARI field with {-2, 0, 2, 4} is included in DCI.

· For FDD, 
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· For TDD, 
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, where 
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is selected from {0, 1, 2, 3} such that 
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3. Conclusions

In this contribution, we discussed the dynamic PUCCH resource allocation with ePDCCH. As a conclusion, we propose the followings;
Proposal 1: PUCCH format 1a/1b resource for HARQ-ACK transmission by ePDCCH is at least partly implicitly determined by the lowest eCCE index (
[image: image13.wmf]eCCE

n

) than the lowest PRB index considering SPS-release as well as the compliance of legacy mechanism for DL.

Proposal 2: 

· Two bit ARI field with {-2, 0, 2, 4} is included in DCI.

· For FDD, 
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· For TDD, 
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is selected from {0, 1, 2, 3} such that 
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