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1 Introduction

In previous meetings, it was decided to support one transport block and HARQ entity per component carrier (CC) when multiple CCs are aggregated. When multiple DL carriers are scheduled for one UE, the UE has to feedback multiple ACK/NAKs 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/NAK and CQI feedback for multiple DL carriers and present our views.
2 ACK/NAK and CQI feedback for Multiple DL Carriers
In LTE Rel-8, the ACK/NAK and CQI feedback corresponding to the DL carriers is sent on the paired UL carrier by PUCCH when the UE has no simultaneous UL data transmission. When UE has simultaneous UL data transmission, it shall multiplex the ACK/NAK and CQI information with UL data in PUSCH for the purpose of single-carrier property. Accordingly, for LTE-Advanced system with carrier aggregation, it can be divided into two scenarios, UE has simultaneous UL data transmission or not, for the transmission of ACK/NAK and CQI feedback.
2.1 ACK/NAK and CQI feedback when UE has simultaneous UL data transmission
It was agreed to relax the restriction of single-carrier property at UL in LTE-Advanced system, thus UE can transmit PUCCH and PUSCH simultaneously on a UL carrier. Hence, there are two options for ACK/NAK and CQI feedback when UE has simultaneous UL data transmission as follows,
· Option 1: ACK/NAK and CQI are multiplexed in PUSCH according to the same principle as in Rel-8
· Option 2: ACK/NAK and CQI are transmitted on PUCCH simultaneously with data on PUSCH
Option 1 will keep the single-carrier property when UE is scheduled with UL data on only one UL CC. Although the single-carrier property is not so strict in LTE-Advanced system as in Rel-8 and carrier aggregation is not designed as a coverage-centric technology, it still shall maintain the single-carrier property as much as possible to save the UE power. When UE will transmit PUSCH on multiple UL CCs, a question raised, which PUSCH will bear the ACK/NAK and CQI of certain DL CC(s). If all the ACK/NAK and CQI for these DL CCs, especially the CQI, are distributed evenly in all PUSCH, the indication shall be designed to specify the relation between PUSCH and DL CC, which may be complex since the number of DL CCs deriving ACK/NAK and CQI and the number of PUSCH are always in change.
Option 2 could take the same solution as the scenario of UE without UL data, but it increases UE power consumption for single-carrier property losing.
Proposal 1: ACK/NAK and CQI shall be multiplexed with UL data on PUSCH when UE has simultaneous UL data transmission on same CC, while the simultaneous transmission of PUSCH and PUCCH on different CC should be considered.
2.2 ACK/NAK and CQI feedback when UE has no simultaneous UL data transmission
When UE has no simultaneous UL data transmission, the ACK/NAK and CQI feedback shall be transmitted in PUCCH. There are two options for the PUCCH transmission [1][2][3].
· Option 1: UE transmits multiple PUCCH simultaneously on multiple UL CCs which are paired with the corresponding DL carriers.
· Option 2: UE transmits PUCCH on only one UL carrier which may not necessarily paired with those DL carriers.
Option 1 keeps the same rule as Rel-8, but losses the single-carrier property and increases UE power consumption. We doubt whether it is necessary for a UE to transmit on multiple UL carriers only for ACK/NAK and CQI feedback, especially when the UE has no UL data transmission. Moreover, when multiple DL carriers are scheduled for one UE, the UE usually should transmit the feedback on multiple UL carriers simultaneously. It is infeasible for the UE with low capability, such as supporting only one UL carrier. To resolve this issue, option 1 requires all UL CC to reserve PUCCH resource for each DL CCs, in which the overhead for PUCCH will be too high. Figure 1 illustrates the PUCCH resource reservation of option 1, in which the resource is reserved in the same way as Rel-8.
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Figure 1 PUCCH resource reservation of option 1

Option 2 could keep the single-carrier property possibly, and outperforms option 1 in UE power saving. Meanwhile it has no restriction on the UE of different capability. According to the UL CC on which PUCCH is transmitted, option 2 can be divided into three sub-options as follows.
· Option 2.1: The UE may transmit PUCCH on anyone of the UL CC(s), and it shall select one UL CC in a subframe according to a predefined rule.
· Option 2.2: The UE transmits PUCCH on the cell-specific anchor UL CC.
· Option 2.3: The UE transmits PUCCH on the UE-specific anchor UL CC which may be changed semi-statically.
In option 2.1, the PUCCH resource for a DL CC is only needed to be reserved on its paired UL CC, and the UE can select a UL CC to transmit PUCCH according to the ACK/NAKs information. The PUCCH overhead is same with Rel-8 and can be balanced among multiple UL CCs as Figure 2 shows. For UE supporting less UL CCs than the cell, during the time interval between the reception of PDSCH and the transmission of ACK/NAK, UE can switch its UL RF link from previous UL CC to another UL CC on which the PUCCH shall be transmitted (as Figure 3 shows). In this way, option 2.1 can support UE with low PUCCH overhead. However, this method may face some problem in the presence of UL data and limit the access of some low capability UE, in addition, if the cell is configured with noncontiguous spectrum and a UE only supports part of it, the UL CCs for PUCCH transmission shall be limited for the UE. 
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Figure 2 PUCCH resource reservation of option 2.1
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Figure 3 UL CC switching in option 2.1

In option 2.2, LTE-Advanced UE transmits PUCCH on the cell-specific anchor UL CC when it works in carrier aggregation mode, and Rel-8 UE still transmits its PUCCH on the paired UL CC. As Figure 4 shows, besides the PUCCH resource reserved for its paired DL CC for supporting Rel-8 UE, the cell-specific anchor UL CC shall reserve additional PUCCH resource for other unpaired DL CCs for supporting LTE-Advanced UE. Thus, the amount of PUCCH overhead is higher than option 2.1. Moreover, the PUCCH overhead on cell-specific anchor UL CC may be too heavy while the number of aggregated DL CCs is high.
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Figure 4 PUCCH resource reservation of option 2.2

In option 2.3, LTE-Advanced UE transmits PUCCH on its UE-specific anchor UL CC when it works in carrier aggregation mode, and Rel-8 UE still transmits its PUCCH on the paired UL CC. As Figure 5 shows, every UL CC shall reserve the PUCCH resource for all DL CCs to support LTE-Advanced UE. Thus, the amount of PUCCH overhead will be the higher than option 2.2 and same with option 2.1 when supporting UE with low capability. 
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Figure 5 PUCCH resource reservation of option 2.3

Proposal 2: UE shall transmit the ACK/NAK and CQI feedback on only one UL carrier. 
3 Conclusions

In this contribution, we analyze the issue of ACK/NAK and CQI feedback for multiple DL carriers. Our proposals on this issue are summarized as follows:
· ACK/NAK and CQI shall be multiplexed with UL data on PUSCH in the presence of UL data transmission on same CC, while the simultaneous transmission of PUSCH and PUCCH on different CC should be considered.
· UE shall transmit the ACK/NAK and CQI feedback on only one UL carrier. More investigation shall be conducted for the selection of the UL CC for the ACK/NAK and CQI feedback.
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