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1 Introduction 
In the RAN1 #58bis meeting, the followings were agreed on ACK/NAK transmission in response to DL data transmission over multiple component carriers (CCs) [1]:
 All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission

· Support mapping onto one UE specific UL CC

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Support for simultaneous A/N transmission on multiple UL CC is FFS

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Exact method for A/N resource allocation is FFS

· Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC 
· Consider performance and power control issues (CM, BER...) 
This contribution discusses the uplink ACK/NAK resource allocation for carrier aggregation in the absence of PUSCH transmission. We propose to agree on the basic framework of ACK/NAK resource allocation and  continue discussion on the details of resource mapping rules and transmission schemes.

2 Discussion
Before discussing further we note that it is common understanding that the basic structure of PDCCHs for LTE-A UEs does not change from Rel-8 and the PDCCHs for LTE and LTE-A UEs share the same space of up to first three (or four) OFDM symbols of the subframe. Thus by applying, if possible, the same Rel-8 mapping rule for ACK/NAK resource allocation to LTE-A UEs, we can avoid introducing additional unused resources.

The downlink assignments and corresponding ACK/NAK transmission in uplink can be categorized as below and as shown in Fig.1, depending on location of DL assignment channels (PDCCHs) and location of UL ACK/NAK on CCs (Mixed DL assignments using both types of PDCCHs with carrier indication fields (CIFs) and no CIFs do not seem desirable and hence are not considered here). 
Case 1: One (anchor) DL CC – one (anchor) UL CC (cross-carrier scheduling)
Case 2: Multi DL CC – one (anchor) UL CC (with or without cross-carrier scheduling)
Case 3: Multi DL CC - multi-UL CC with one-to-one DL-UL CC paring (with or without cross-carrier scheduling) 
Note that in asymmetric configurations of carrier aggregation, where the numbers of DL CCs and UL CCs are different from each other, assuming DL-UL CC paring, PUCCH resources can be configured using Rel-8 parameters [2][3].
In Case 1, the UE is served by multi DL CCs with multiple PDCCHs transmitted on one DL CC. So multi-ACK/NAK resources are available in the corresponding UL CC if we apply the ACK//NAK resource mapping rules of the Rel-8. Considering resource use efficiency, it is desirable to use the Rel-8 resources for LTE-A UEs. Regarding transmission schemes, simultaneous multi ACK/NAK, resource selection within the UL CC and bundling can be considered [4]. 
In Case 2, following the Rel-8 rule, multi ACK/NAK resources are available on multiple UL CCs. However, since the ACK/NAK transmission should occur on only one UL CC, the UE needs to be assigned with new ACK/NAK resources in the UL CC. In this case, we may need to define new ACK/NAK resources on the UL CC associated with the DL CC, and these resources can be allocated to Rel-10 UEs served by multi DL CC transmission. 
In Case 3, similar to Case 1, the resource allocation specified in Rel-8 can be reused. Each ACK/NAK resource is allocated on the UL CC associated with the DL CC where the PDCCH occurs. Details of the transmission scheme are FFS.
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Figure 1: ACK/NAK resources for multi-carrier downlink (a) Case 1: PDCCHs on one DL-CC and PUCCH ACK/NAK on one UL-CC (b) Case 2: PDCCHs on multi DL-CCs and PUCCH ACK/NAK on one UL-CC (c) Case 3: PDCCHs on multi DL-CCs and PUCCH ACK/NAK on multi UL-CCs.
3 Conclusion
We have discussed uplink ACK/NAK resource allocation for carrier aggregation. As a starting point for further discussion, we propose to agree on PUSCH resource allocation method and then to continue discussion on transmission schemes and resource mapping details.
The following cases, which are considered important for further discussion, are classified depending on the location of CCs on which DL assignments and UL ACK/NAK transmission occur:
Case 1: One (anchor) DL CC – one (anchor) UL CC

Case 2: Multi DL CC – one (anchor) UL CC
Case 3: Multi DL CC - multi-UL CC with one-to-one CC paring 
For ACK/NAK resources for LTE-A UEs, we propose to use Rel-8 resources in Case 1 and Case 3, and to define new resources in Case 2, which are reserved for LTE-A UEs with multi-DL CC transmission. 
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