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1 Introduction

In previous meetings, it was decided to support one transport block and HARQ entity per component carrier when multiple CCs are aggregated. When multiple DL carriers are scheduled for one UE, the UE has to feedback multiple ACK/NACKs associated with the multiple DL carriers. Meanwhile, the UE also shall feedback multiple CQIs reflecting the channel quality of DL carriers. In this contribution, we discuss the issue of ACK/NACK and CQI feedback for multiple DL carriers and present our views.
2 ACK/NACK and CQI feedback for Multiple DL Carriers
In LTE Rel-8, the ACK/NACK and CQI feedback corresponding to the DL carriers is sent on the UL carrier paired with the DL carrier. In LTE-Advanced system with carrier aggregation, it has two options for the ACK/NACK and CQI feedback for multiple DL carriers [1][2][3].
· Option 1: UE transmits the ACK/NACK and CQI feedback for multiple DL carriers on the UL carriers which are paired with the corresponding DL carriers.
· Option 2: UE transmits the ACK/NACK and CQI feedback for multiple DL carriers on one UL carrier which may not necessarily paired with those DL carriers.
Option 1 keeps the same rule as Rel-8 which requires less standardization effort than option 2. A UL carrier will transmit the feedback for one DL carrier in the cell with symmetric carrier configuration, and may transmit the feedback for multiple DL carriers in the cell with asymmetric carrier configuration. However, when multiple DL carriers are scheduled for one UE, the UE usually should transmit the feedback on multiple UL carriers simultaneously. It is impossible for the UE with low capability, such as supporting only one UL carrier. Thus, the solution as option 2 is inevitable.
Moreover, for the sake of reducing PAPR/CM, the UE still shall keep its single carrier character as much as possible. It is unnecessary for a UE to transmit on multiple UL carriers only for ACK/NACK and CQI feedback, especially when the UE has on UL grant. Therefore, option 2 outperforms option 1 in UE power saving.
3 UL Carrier Transmitting ACK/NACK and CQI feedback
When UE transmits the ACK/NACK and CQI feedback for multiple DL carriers on only one UL carrier, the first problem coming out is that on which UL carrier the feedback for multiple DL carriers is transmitted. There are three options as follows
· Option 1: The UE may transmit the feedback on each UL carrier, and it shall select one UL carrier in a subframe according to a predefined rule.
· Option 2: The UE transmits the feedback on the cell-specific anchor UL carrier which may be changed semi-statically.

· Option 3: The UE transmits the feedback on the UE-specific anchor UL carrier which may be changed semi-statically.
In option 1, the selection among multiple UL carriers can be utilized to provide additional states for the information of ACK/NACKs associated with multiple DL carriers. However, option 1 requires every UL carrier to reserve PUCCH resource for each DL carrier. Thus, the amount of reserved PUCCH resource may be considerable. Since the selected UL carrier in option 1 is decided by the information of ACK/NACKs, and the eNodeB could not get the information in advance and schedule the PUSCH resource on the selected UL carrier, the UE has to transmit the UL data and control signaling on different carriers in one subframe. Thus, option 1 has disadvantage in UE power saving, and may additional difficulty for the UE only supporting one UL carrier.
In option 2, it only requires reserving the PUCCH resource for all DL carriers on the cell-specific anchor UL carrier. On other UL carriers, only the PUCCH resource for the paired DL carrier shall be reserved for Rel-8 UE. Therefore, option 2 may reduce the reserved PUCCH resource especially when the number of aggregated UL carriers is relative large. Since UE usually has to transmit UL data and control signaling on different carriers simultaneously, option 2 is not beneficial for UE power saving.
In option 3, since each UL carrier shall reserve the PUCCH resource for all DL carriers, the amount of reserved PUCCH resource will also be considerable. For power saving, the eNodeB could try its best to schedule the UE’s UL grant on the UE-specific anchor UL carrier to make the ACK/NACK and CQI feedback be multiplexed with UL data.
4 Conclusions

In this contribution, we analyze the issue of ACK/NACK and CQI feedback for multiple DL carriers. Our views on this issue are summarized as follows:
· We prefer that the UE transmits the ACK/NACK and CQI feedback for multiple DL carriers on one UL carrier.

· For the selection of UL carrier transmitting the ACK/NACK and CQI feedback, we discuss three options as follows. But more investigation is necessary to evaluate their performances on PUCCH resource reservation, UE power saving and so on.
· Option 1: The UE may transmit the feedback on each UL carrier, and it shall select one UL carrier in a subframe according to a predefined rule.
· Option 2: The UE transmits the feedback on the cell-specific anchor UL carrier.

· Option 3: The UE transmits the feedback on the UE-specific anchor UL carrier.
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