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1. Introduction
While several aspects of ePDCCH have been extensively discussed, the progress of PUCCH resource for HARQ-ACK transmission in response to a DL grant transmitted in ePDCCH is quite slow. At the RAN1#69 meeting, some principles of PUCCH resource allocation were discussed and the email discussion based on the WF [1] came to the following agreement: 
· 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
In this contribution, we share our views on the details of implicit PUCCH resource allocation for ePDCCH.
2. PUCCH HARQ-ACK Resources
In LTE Rel-8/9/10, the PUCCH resource allocation for dynamically scheduled PDSCH ACK/NACKs is based on implicit mapping, which guarantees efficient usage of PUCCH resources and avoids fragmented PUSCH resources. It is reasonable to follow the same principle of implicit resource mapping with additional mechanisms considering new features of ePDCCH to avoid PUCCH resource collision and improve PUCCH efficiency. The possible approaches are listed below. 
Firstly, PUCCH resource derived from 
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 could be the same for UEs scheduled by ePDCCH and PDCCH using the same first CCE/eCCE but different physical resources, since the eCCE/CCE index is numbered separately yet these UEs share the same cell-specific parameter 
[image: image2.wmf](

)

1

PUCCH

N

 indicating starting PUCCH resource. As is observed by many companies [2][3], allocating an additional PUCCH resource region for ePDCCH UEs by configuring separate 
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from PDCCH UEs is a simple way to solve such collision. Although PUCCH resources may not be fully utilized because of the fragmentation between the resource for PDCCH and ePDCCH UEs, the tradeoff between PUCCH resource efficiency and ePDCCH scheduling flexibility could be achieved by configuring partially overlapped PUCCH regions. 
Proposal1: It is proposed to independently configure 
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 for UEs scheduled by ePDCCH from 
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to allow allocation of separate PUCCH regions.
Secondly, the ePDCCH eCCE structure may lead to PUCCH resource collision between UEs scheduled by ePDCCH with same UE-specific eCCE index at least for localized ePDCCH transmission. The CCE index is globally numbered across all the OFDM symbols used as PDCCH region indicated by PCFICH while for ePDCCH the logical eCCE index may be numbered independently in each UE-specific search space for localized transmission. Then, even though ePDCCH towards different UEs occupy different physical resources, they could possibly share the same logical eCCE index, which would cause a PUCCH resource collision. The collision could be avoided by imposing restrictions on the scheduler at eNB at the cost of reduced frequency selective scheduling gain, which is undesirable. Moreover, the eCCE index could be numbered independently for localized and distributed transmission which also increases the collision probability. One alternative is to configure the 
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separately for localized and distributed transmission. Another alternative is to generate a global eCCE index for all UEs irrespective of localized or distributed ePDCCH when implicitly derive the PUCCH resource index, e.g. introducing PRB indices of ePDCCH. However, the PRB indices of ePDCCH could not reflect the number of UEs dynamically scheduled by ePDCCH in each subframe especially when ePDCCHs of few UEs are scattered in the frequency domain which is a common scenario to exploit frequency diversity gain or frequency selective gain. A UE-specific 
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 could not reflect the dynamic variation in the number of scheduled UEs either, as it is semi-statically configured., Since the amount of required PUCCH resource could vary subframe by subframe with the number of UEs dynamically scheduled by ePDCCH, to minimize the unnecessarily reserved PUCCH resource it is preferable to introduce a mechanism to restrict the PUCCH resource size. As is analyzed in the companion contribution [4], there is a need to introduce ePCFICH which is helpful to reduce the resource wastage of ePDCCH.  If ePCFICH is supported, the range of global eCCE indices used to derive the PUCCH resources could be limited accordingly. For example, the PUCCH resource for HARQ-ACK transmission in response to ePDCCH can be determined as,
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where 
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is the PUCCH resource calculated based on global eCCE index, 
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is the number of eCCEs at least partly indicated by ePCFICH. 
Proposal 2: It is proposed to introduce schemes to avoid the collision between UEs scheduled by ePDCCH for both localized and distributed mapping. Either separate 
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 for the PUCCH in response to distributed and localized ePDCCH, or global eCCE numbering could be considered. 
Proposal 3: It is proposed to limit the amount of PUCCH resource wasted, by the use of ePCFICH.  
Finally, the collision between UEs scheduled by MU-MIMO ePDCCH where the same eCCE is shared by multiple UEs should be avoided. Since each MU-MIMO ePDCCH is associated with a unique DM-RS antenna port, new parameters determined by the antenna port should be added on top of eCCE index to derive the PUCCH resource, e.g. 
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where X=0 for antenna port 7/9 (or 7/8) and X=1 for antenna port 8/10 (or 9/10). 
Proposal 4: It is proposed to add antenna port associated parameters on top of eCCE index to avoid the collision between UEs scheduled by MU-MIMO ePDCCH.  
In addition, the similar Rel-10 ACK/NAK resource indicator (ARI) in PUCCH format 3 is also proposed by some companies [5] as a solution to avoid the collision of PUCCH resource as well as to control the amount of PUCCH resource,
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However, the selection of preferable values and the number of bits for ARI is not an easy task. To support a flexible PUCCH overhead, the range of ARI values should be large enough to cover different use cases. On the other hand, to avoid the collision among UEs transmitting ePDCCH in the form of MU-MIMO, the value of ARI should be adjacent numbers, e.g. -2, -1, 0, and 1. In other words, the freedom degree provided by ARI would be limited if the number of ARI bits is quite small. Nevertheless, it is not proper to arbitrarily increase the number of ARI bits because adding ARI bits in DCI formats for DL grant leads to increased control signaling overhead which reduces the robustness of ePDCCH. Considering there is not enough time for Rel-11 to evaluate the ARI to achieve a good compromise between ePDCCH performance and PUCCH resource efficiency, we prefer not to introduce ARI in Rel-11. 
Proposal 5: Do not introduce ARI to derive the PUCCH resource for Rel-11. 
3. Conclusions
In this contribution, some issues of implicit PUCCH resource mapping for HARQ-ACK transmission in response to ePDCCH are discussed. We provide the following proposals based on the analysis.

Proposal1: It is proposed to independently configure 
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 for UEs scheduled by ePDCCH from 
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 to allow allocation of separate PUCCH regions.
Proposal 2: It is proposed to introduce schemes to avoid the collision between UEs scheduled by ePDCCH for both localized and distributed mapping. Either separate 
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 for the PUCCH in response to distributed and localized ePDCCH, or global eCCE numbering could be considered.
Proposal 3: It is proposed to limit the amount of PUCCH resource wasted, by the use of ePCFICH. 
Proposal 4: It is proposed to add antenna port associated parameters on top of eCCE index to avoid the collision between UEs scheduled by MU-MIMO ePDCCH.  
Proposal 5: Do not introduce ARI to derive the PUCCH resource for Rel-11. 
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