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1. Introduction

ACK/NACK transmission schemes for supporting carrier aggregation have been discussed in several contributions [1-8]. Through the discussions, following alternatives for ACK/NACK transmission schemes seems to be promising candidates for carrier aggregation.

· Multi-code (multi-resource) transmission

· Channel selection (code selection)

· Bundling
However, since these alternatives have both pros and cons, it seems to be difficult to further narrow down them without discussing whole picture of the carrier aggregation.
Hence, in this contribution, we discuss some details of the resource allocation schemes for carrier aggregation, in order to discuss ACK/NACK transmission schemes based on the whole picture of the system.
2. Discussion

2.1. Reuse of release-8 resource allocation scheme

If the system supports release-8 in the same band, there is already release-8 type of PUCCH resource allocation in uplink component carrier(s). In order not to have significant impacts on release-8 schedulers, these resources should be reused as much as possible. So, throughout this contribution, we consider that LTE-A UEs should use at least one PUCCH resource identified by release-8 implicit mapping between CCEs and PUCCH resources.

In the following discussions, since LTE-A UEs may or may not know whether all the UL component carriers support release-8 UEs (although it might be possible for LTE-A UEs to identify this from system information), we discuss the resource allocation schemes based on the component carrier configurations from the UE perspective rather than from system perspective.
2.2. The necessity of additional resource indication scheme for PUCCH
2.2.1 Symmetric carrier aggregation (e.g., 2DL/2UL from UE perspective)

LTE-A UEs have at least one release-8 type of DL/UL component carrier pair (i.e., component carrier pair used for initial access) in their configuration, so it would be natural to utilize the same resource allocation scheme at least in this pair of component carriers. (i.e., exactly the same ACK/NACK resource allocation scheme for release-8 type of DL/UL component carrier)

If all the UL component carriers have release-8 type of PUCCH resources and if LTE-A UEs are informed about the PUCCH resource region and linking of the PUCCH resources to the PDCCH CCE indices, LTE-A UEs can identify the PUCCH resources based on the CCEs used for PDCCH in each carrier similar to Rel’8 LTE UEs. Moreover, even if carrier indicator is used in PDCCH, LTE-A UEs can also identify each PUCCH resource linked to each PDCCH within the same UL component carrier.
Hence, in this case, all the alternatives for ACK/NACK transmission schemes (i.e., multi-code transmission, channel selection and bundling) can be utilized without additional PUCCH resource indication since the equal number of PUCCH resources as PDCCHs are identified by the UEs.

If some of UL component carrier does not have release-8 type of PUCCH resources, LTE-A UEs can not identify all the PUCCH resources linked to PDCCH CCE indices by release-8 implicit resource indication. Hence, additional resource indication scheme than release-8 schemes is necessary for the PUCCH resource indices in order to support channel selection and/or multi-code transmission for ACK/NACK transmission.
It should be noted that, depending on future RAN2 discussions, LTE-A UEs might be explicitly configured by RRC on how to identify the PUCCH resources in non-primary UL component carrier(s). Such RAN2 discussion would affect the conclusion whether LTE-A UEs explicitly knows the existence of release-8 types of PUCCH resources in UL component carriers configured to the UEs.
2.2.2 Asymmetric carrier aggregation (e.g., 2DL/1UL from UE perspective)

Even in this case, as well as symmetric carrier aggregation, LTE-A UEs have at least one release-8 type of DL/UL component carrier pair in their configuration. So it would be natural to utilize the same resource allocation scheme as release 8 at least in this pair of component carriers.

However, since the linkage between non-primary DL component carrier and UL component carrier is not defined for (at least early) release-8 UEs, additional resource indication scheme than release-8 schemes is necessary in order to support channel selection and/or multi-code transmission for ACK/NACK transmission.
2.3. Discussion on how to indicate additional resources 
In this subsection, we further discuss different indication schemes for additional PUCCH indices.
2.3.1 Alternative 1: Implicit signaling like release 8
This alternative reuses the LTE-rel8 implicit signaling scheme for the non-primary DL/UL pair.

Since only LTE-A UEs in carrier aggregation mode might be assigned to use the additional PUCCH resources on the UL component carriers for sending ACK/NACK signals, some modifications for improving the efficiency of the PUCCH resource usage should be taken into account.
Possible improvements for this alternative are to set deltaPUCCH-Shift as 1 independently from primary DL/UL component carrier pair, and/or to define linkage between multiple-CCE to one-PUCCH resource as discussed in LTE TDD.
2.3.2 Alternative 2: Explicit signaling

This alternative explicitly signals indices of additional PUCCH resources to LTE-A UEs. In this case, such resources are sometimes wasted depending on the scheduler algorithms; however, such resources could be shared by several LTE-A UEs similar to the ACK/NACK repetition case in release-8. So, it would not be a big issue.
Moreover, if one of the resource indices is explicitly signaled by RRC, DTX of the related DL component carrier can be mapped to such PUCCH resources, which could ease the channel selection design. (Note that DTX/DTX/NACK, DTX/NACK/DTX and NACK/DTX/DTX shall be mapped to different PUCCH resources in implicit resource indication scheme, although it could be mapped to the same explicitly indicated PUCCH resource.)
3. Conclusion

In this contribution, we discussed alternatives for PUCCH resource indication schemes in order to discuss whole picture of the carrier aggregation. Although such discussions are for WI phase, it would be nice if RAN1 can discuss ACK/NACK transmission schemes based on whole picture of carrier aggregation. Moreover, resource indication scheme for PUCCH TxD (i.e., SORTD) can not be effectively discussed without stable ACK/NACK transmission scheme for carrier aggregation [9].

Hence we propose to discuss PUCCH resource indication schemes for carrier aggregation in conjunction with ACK/NACK transmission schemes as early as possible.
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