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1 Introduction 
Some issues regarding the PUCCH resource mapping in related to the ePDCCH were raised in [1]. The ePDCCH is likely to schedule more UEs in a given subframe than the legacy PDCCH, so that more PUCCH resources may be needed to feed back the A/N information. After RAN1 #69, an email discussion of the WF [2] on the PUCCH resource allocation for A/N was kicked off.
Based on the email discussion an agreement has been reached: 

· 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
Two alternative ways to determine the PUCCH resource in response to the ePDCCH (i.e., PRB index and eCCE index based schemes) were discussed during the email discussion. In this contribution, we provide our viewpoints on this issue.
2 PRB index based determination
Since the PRB pair is the smallest granularity of the resource allocation for PDSCH transmission, some companies proposed to employ PRB index to implicitly distinguish the PUCCH resource for different users. An exemplified way to implement it is
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is configured by higher layer signalling. 

The eNB will allocate a set of PRBs to a UE for the PDSCH transmission. As a result, the PRB indices that would be associated with PUCCH resources in a given subframe are non-contiguous. However, in order to ensure that there are sufficient PUCCH resources for A/N transmission and not to restrict the PDSCH scheduling, the PUCCH resource typically needs to be reserved to its largest extent. In this way, the PUCCH resources would be significantly over-dimensioned. This can be seen by an example shown in Figure 1. 
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Figure 1. PDSCH scheduling for two users
In this example, two UEs are scheduled on two adjacent sets of PRB pairs within the same subframe. The lowest PRB index is utilized to index the corresponding PUCCH resource to obtain the A/N feedback message. If more than one PRB pair is allocated for UE1, the lowest PRB indexes of these two UEs would not be contiguous. In this case, the PUCCH resource in response to the PRB pairs that are indexed between PRB_index1 and PRB_index2 are also reserved, but actually carry no A/N message. One may argue that the existing PUCCH indexing scheme for the PDSCH scheduled by legacy PDCCH (i.e., CCE based PUCCH resource determination) will also cause resource wastage. However, the problem is not so prominent as PRB index based scheme because the size of the legacy control region can be dynamically adjusted according to the CFI value.

On the other hand,  if MU-MIMO or CoMP is employed for the PDSCH scheduling, a PRB index may be shared by multiple users, which may lead to PUCCH resource collision. Although some other parameters such as antenna port could be also utilized to further differentiate the PRB resource, it would be more complicated to implement than the eCCE index based scheme. 
3 eCCE index based determination

In Rel-10, the PUCCH resource assignment of formats 1/1a/1b is implicitly derived from
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, where 
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is the number of the first CCE (i.e. lowest CCE index used to construct the PDCCH) used for transmission of the corresponding DCI assignment and
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 is the boundary index configured by higher layers. Akin to the PDSCH scheduled by legacy PDCCH, the A/N resource in response to the PDSCH transmission scheduled by ePDCCH could be determined based on eCCE indexing. As proposed by our previous contribution [3], additional PUCCH resources in response to the PDSCH transmission scheduled by ePDCCH could be configured by eNB through setting a different boundary index. In this way, the existing PUCCH A/N indexing scheme could easily be reused based on eCCE index instead of CCE index. There are two possible ways to index the eCCE:

· The eCCEs allocated for all the UEs are indexed together, which means a globally unique eCCE index will be acquired by every eCCE within the PRB pairs that are potentially used for ePDCCH transmission. The existing linking rule based on CCE index could be smoothly reused for the eCCE index based implicit determination.  The set of PRB pairs that are potentially used for ePDCCH transmission for the purpose of eCCE indexing could be the same as the set of PRB pairs that the UE assumes are not used for PDSCH transmission, and signalled by RRC signalling as proposed in our companion contribution [5]. 
· The eCCEs allocated for different UEs are separately indexed. In other words, the eCCE index is UE-specifically defined. PUCCH A/N resource collision may happen by using this kind of eCCE indexing. A possible way to avoid the collision is to configure different boundary index
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for different UEs.
The over-dimension problem existing in the CCE index based scheme will be mitigated by eCCE index based determination as the ePDCCH resources are anyway supposed to be allocated in UE-specific way with much fewer spare eCCEs than legacy PDCCH. 
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Figure 2. eCCE index based determination for MU-MIMO ePDCCH
Although MU-MIMO and CoMP may be also supported by ePDCCH transmission, which may incur PUCCH resource collision if eCCE index is applied for the determination, it may not be as serious as the PRB index based scheme because the reuse factor of ePDCCH would be very limited compared to PDSCH to ensure the robustness of control message reception. Moreover, as proposed by [4], a combination of eCCE index, antenna port index and scrambling sequence index as shown by Figure 2 could be configured to be used to index the PUCCH A/N resource according to some kind of predefined linkage rules. In this way, no resource collision would occur. 
Proposal 1:  For localized transmission, the PUCCH Format 1a/1b resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH is implicitly determined from the lowest eCCE index used by the DCI message carrying the PDSCH assignment. The eCCEs are indexed in a common way across the whole set of PRBs indicated by RRC signalling for ePDCCH transmission (the same set of PRBs that the UEs assume are not used for PDSCH).
4 Conclusions

In this contribution, we have compared two alternative schemes to implicitly determine the PUCCH resource in response to the PDSCH scheduled by ePDCCH, i.e. PRB index based determination and eCCE index based determination, and made the following proposal:
Proposal 1: The PUCCH Format 1a/1b resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH is implicitly determined from the lowet eCCE index used by the DCI message carrying the PDSCH assignment. The eCCEs are indexed in a common way across the whole set of PRBs indicated by RRC signalling for ePDCCH transmission (the same set of PRBs that the UEs assume are not used for PDSCH).
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