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1 Introduction
ACK/NACK resource management for PUCCH format 1a/1b in response to ePDCCH-scheduled PDSCH have been discussed from RAN1#69. The summary of agreement on email discussion was as follows:

· 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 propose PUCCH resource allocation suitable for ePDCCH operations. The proposed method offers (1) flexible A/N resource allocation with A/N collision avoidance, and (2) suitable design for multiple PRB sets (search spaces) of ePDCCH.
2 Dynamic A/N resource allocation for ePDCCH UEs
2.1 Requirements

In Rel.8-10, the A/N resource for PUCCH format 1a/1b, n, is implicitly determined by the first CCE index of its DCI within PDCCH as
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where nCCE is the first CCE index on which the DCI is mapped and 
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 is a cell-specific parameter that gives an semi-static offset for PUCCH format 1a/1b resources. The linkage between PDCCH resource and A/N resource of PUCCH format 1a/1b is represented by Fig.1. Since the same CCE is not reused within a cell, A/N resource collision among PDCCH UEs does not happen. Therefore, the implicit resource indication works.
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Fig.1.  PUCCH format 1a/1b resource allocation for PDCCH UEs.
For Rel.11, A/N resource allocation for ePDCCH needs to be designed on top of existing A/N resource allocation for PDCCH. Following requirements are obvious:
· Efficient UL resource usage. A/N resources should not be distributed over unnecessarily wide range of UL resources.

· Sufficient flexibility. The ability to avoid A/N resource collision with other A/N signals is necessary.
2.2 Explicit indication using ARI

According to the requirement on efficient UL resource usage, separating A/N resources for ePDCCH from A/N resource area for PDCCH (called dynamic A/N region hereafter) using semi-static offset or PCFICH decoding result is inefficient. Therefore, we propose to allow A/N resources for ePDCCH being allocated within dynamic A/N region for PDCCH. The necessary collision avoidance mechanism is dynamic resource changing indicated by eNB. Therefore, we also propose to introduce A/N resource indicator (ARI). We propose 2 bits in DCI mapped on ePDCCH and be used in a similar way as ARI for PUCCH format 1b with channel selection and PUCCH format 3; a set of explicit information is preliminary signalled through RRC and for each ePDCCH transmission, eNB indicates which explicit information is chosen by using the ARI. 
Proposals:

· Allow A/N resources for ePDCCH being allocated within dynamic A/N region for PDCCH

· Introduce A/N resource indicator (ARI) which is 2bits field in DCI mapped on ePDCCH
2.3 Implicit linkage with the PRB set on which the ePDCCH is transmitted
It was agreed that the A/N resources for ePDCCH are partly implicitly determined. Assuming ARI is adopted, the merit of implicit linkage is to increase the number of A/N resource candidates by using implicitly linked resource index. eCCE index of ePDCCH and PDSCH PRB index were considered as possible candidates in email discussion [69-14]. However, taking into account the requirements already stated in Sect.2.1, it is better not to have a direct linkage between ‘A/N resource index’ and ‘one of these resource indices’ due to the following reasons:
· The direct linkage as in Eq.(1) of legacy PDCCH significantly restricts the scheduler. The scheduler needs to care for ePDCCH scheduling (or PDSCH scheduling) and A/N resource scheduling simultaneously. This is quite complicated.

· The direct linkage causes an inefficient UL resource usage. If the linked resource indices are distributed, A/N resources for these UEs are also distributed. This result is inefficient UL resource usage. 
Therefore, we propose another way that can satisfy the scheduler complexity and resource efficiency. In a companion paper [1], we propose to configure one or multiple PRB sets as ePDCCH search space. How many PRB sets are configured is depending on UE condition and/or traffic. Possible usage of multiple PRB sets is as follows:

· One PRB set (PRB set A in Fig.1) could consist of distributed PRBs. The ePDCCH is transmitted in PRB set A if higher frequency-diversity gain is required.
· Another PRB set (PRB set B in Fig.1) could consist of localized PRBs. The ePDCCH is transmitted in a PRB set B if higher frequency-scheduling gain is required.
· By keeping one of PRB set being unchanged in case of RRC update of ePDCCH setting, fallback to PDCCH is not needed.
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Fig.2.  Multiple PRB sets configuration for ePDCCH.
This multiple PRB sets can be exploited as implicit information to determine A/N resource. Figure 3 illustrates how A/N resource is indicated in case multiple PRB sets are configured. In this method, all the A/N resources are indicated by RRC as explicit resources, but which PRB set is used for ePDCCH transmission is exploited as implicit information. When a PRB set is configured, corresponding explicit A/N resource candidates are also signalled through RRC. For instance, A/N resource candidates W~Z are configured when PRB set B is configured. eNB indicates an A/N resource by which value the ARI indicates and by which PRB set is used for ePDCCH transmission. Therefore, the number of A/N resource candidates increases in proportional to the number of configured PRB set(s). 
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Fig.3.  A/N resource determination by a combination of the ARI value and the PRB set the ePDCCH is transmitted.
In this method, scheduling of ePDCCH within a PRB set can be independent from A/N resource coordination. Therefore, flexible ePDCCH scheduling and A/N resource allocation are possible. Furthermore, since all the A/N resource candidates are preliminary and explicitly signaled to the UE, any operation of A/N resource management is possible.  
Proposals:

· Support multiple PRB sets as ePDCCH search space

· Configure A/N resource candidates explicitly, and determine the A/N resource from the candidates by which value the ARI indicates and by which PRB set is used for ePDCCH transmission.
3 Harmonization with PUCCH enhancements for CoMP
In [1], we propose PUCCH enhancements for uplink CoMP. The proposal includes the following:

· Introduce UE-specific resource offset for PUCCH format 1a/1b of PDCCH UEs. This offers avoidance of near-far problem of macro UEs and pico UEs by splitting dynamic A/N regions of PDCCH UEs.
· Introduce virtual cell ID for all the PUCCH formats (including PUCCH format 1a/1b) of both PDCCH UEs and ePDCCH UEs. This offers reusability of the same A/N resources at different places, 
The possible CoMP operations on PUCCH format 1a/1b are illustrated in Fig.4. PDCCH UEs and ePDCCH UEs are co-existing. The PUCCH resource usages are also illustrated. Fig.4 (a) shows the case where ePDCCH is configured to only the UEs near the macro/pico nodes. In this situation, all the A/N resource candidates corresponding to the multiple PRB sets can be set within the dynamic A/N region for PDCCH UEs near the macro/pico nodes. The A/N resource for ePDCCH UE is indicated by the ARI value and by the PRB set. By using VCID to generate A/N signals, the A/N signals of ePDCCH UEs can be multiplexed with those of PDCCH UEs in a CDM manner.
Fig.4 (b) shows the case where ePDCCH is configured to the UEs over the whole area of the cell. PRB set A is configured to any condition of ePDCCH UEs and PRB set B is configured to the ePDCCH UEs near macro/pico nodes. In this case, A/N resource candidates corresponding to the PRB set A can be set within the dynamic A/N region for PDCCH UEs far from the macro/pico nodes, while A/N resource candidates corresponding to the PRB set B can be set within the dynamic A/N region for PDCCH UEs near the macro/pico nodes. VCID is necessary to CDM the A/N signals of PDCCH UEs and ePDCCH UEs and to achieve cell-splitting. As can be seen from these examples, virtual cell ID is necessary also for PUCCH of ePDCCH UEs.
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(a) ePDCCH is configured to only the UEs near the macro/pico nodes
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(b) ePDCCH is configured to the UEs over the whole area of the cell
Fig.4.  CoMP operations of PUCCH format 1a/1b with co-existance of PDCCH UEs and ePDCCH UEs.
According to the CoMP operations illustrated above, we propose the following:

Proposals:

· Support virtual cell ID for PUCCH of ePDCCH UEs.

· The virtual cell ID can be changed according to which PRB set is used for ePDCCH transmission.
4 Conclusion
 In this contribution, we propose PUCCH resource allocation suitable for ePDCCH operations with multiple PRB sets. Our proposal are following:
· Allow A/N resources for  ePDCCH being allocated within dynamic A/N region for PDCCH

· Introduce A/N resource indicator (ARI) which is 2bits field in DCI mapped on ePDCCH
· Support multiple PRB sets as ePDCCH search space

· Configure A/N resource candidates explicitly, and determine the A/N resource from the candidates by which value the ARI indicates and by which PRB set is used for ePDCCH transmission.
· Support virtual cell ID for PUCCH of ePDCCH UEs.

· The virtual cell ID can be changed according to which PRB set is used for ePDCCH transmission.
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