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1 Introduction
Several decisions have been made in previous RAN1 meetings regarding PUCCH for carrier aggregation [1]:
· Rel10 design supports up to 5 DL CC

· Consider extendibility to larger number of DL CC in the future

· 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...) 

In this paper, we investigate the methods for multiple A/Ns transmission on PUCCH mapping onto one UE specific UL CC and make a recommendation for a possible solution, taking into account the complexity, resource overhead, CM, and reuse of Release-8 PUCCH processing.  
2 Support of Multiple ACK/NAKs 
Many solutions have been investigated to support multiple A/Ns transmission on PUCCH mapping onto a single UL CC in previous contributations, and the pros and cons of PUCCH A/N options have been discussed in [2]. Wherein, multiple sequence transmission bring the CM increase and power decrease per PUCCH channel, and simply relying on N-PUCCH transmission may hardly meet the system requirement when a large number of PUCCH channels are needed. A/N bundling may cause unnecessary retransmissions to degrade DL spectral efficiency owing to the small correlation among different DL CCs. Therefore, A/N bundling is fundamentally inappropriate for carrier aggregation. A/N multiplexing from Rel-8 TDD can only support the transmission of up to four A/N bits in one UL subframe. Given that more than four DL CC can be aggregated in LTE-A, the Rel-8 TDD A/N multiplexing scheme may not be sufficient for its direct application. Other schemes, such as orthogonal spreading factor reduction, higher order modulation and joint coding, need to redesign PUCCH TX/RX processing and may not be compatible with Rel-8. The worse transmission performance and the control channel coverage reduction also limit their adoption.
Based on the previous analysis, we think the Rel-8 TDD A/N multiplexing scheme should be base most likely to support multiple A/Ns transmission on PUCCH mapping onto a single UL CC, because of performance verified for TDD and standard effort minimized for Rel-8. Keep this in mind, we can find the latest agreement that the single-carrier property in SC-FDMA UL can be relaxed by control-data decoupling for Rel-10. Accordingly, simultaneous PUCCH and PUSCH transmission is supported in Rel-10 UE. So, we provide a solution that when PUCCH and PUSCH exist simultaneously on a single UL CC, the PUSCH transmits one ACK/NACK for a linked DL CC with Rel-8 FDD scheme, and the PUCCH transmits mutiplex A/Ns for remaining DL CCs(the maximize number of remaining DL CCs is 4) with A/N multiplexing scheme similar to Rel-8 TDD. There is no change needed to Rel-8 PUCCH processing in this case. As an example in Figure 2 where the DL CC set corresponds up to five component carriers and the UL supports only a single CC. When the UE is scheduled DL transmission in all DL CC, the PUSCH transmits one A/N feedback for DL CC#4, and the PUCCH transmits four A/Ns feedback for CC#0 CC#1 CC#2 and CC#3.
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Figure 1: Five ACK/NAKs transmission in case of PUCCH and PUSCH
Furthermore, in absence of PUSCH, we think that small number of PUCCHs may be needed to increase their capacity, e.g. 2. Most CM simulation results from previous contributations have shown that the CM increase and the detection performance loss due to decreased transmission power may be acceptable for two PUCCHs. The two PUCCHs mapping onto one UL CC should be used to transmit A/Ns simultaneously but with different processing, wherein one PUCCH transmits one A/N for a certain linked DL CC which is exactly the same as Rel-8 FDD, and another PUCCH transmit multiple A/Ns for the remaining DL CCs(the maximize number of remaining DL CCs is 4) with A/N multiplexing schemes. An example is shown in figure 2 where the PUCCH 1 transmits one A/N feedback for DL CC#4, and the PUCCH 2 transmits four A/Ns feedback for CC#0 CC#1 CC#2 and CC#3.
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Figure 2: Five ACK/NAKs transmission in case of only PUCCH

The proposed schemes can also provide the great flexibility to meet the need for other scenario where supports more or less than five A/Ns feedback. The two PUCCHs with TDD A/N scheme could be used to support up to eight A/N resources which provide the possibility to extend to larger number of DL CC in the future. The two PUCCHs with FDD A/N scheme could be used to support two A/N feedback which is equivalent to multiple sequence transmission. The two PUCCHs with different A/N scheme could also be used flexibly to transmit less than five A/Ns feedback. The figure 3 is shown as an example where the DL CC set corresponds up to four component carriers and the UL supports only a single CC. Two different cases as (1) and (2) exist regarding to PUCCH configuration. Possibly, the non-power-limited Rel10 UE can transmit four A/Ns feedback using two PUCCHs with Rel-8 scheme and TDD multiplexing respectively as (1) and the power-limited Rel10 UE can transmit four A/Ns feedback using one PUCCH with TDD multiplexing as (2). It is worth mentioning that one PUCCH with Rel-8 FDD scheme must be reserved on one backward compatible UL CC. 
Accordingly, we propose that two PUCCHs should be set on one UL CC where need to support multiple A/Ns feedback. The combination of TDD A/N multiplexing and Rel-8 FDD A/N scheme should be considered to transmit multiple A/Ns for various scenarios. Based on the above proposal, support for simultaneous A/N transmission on multiple UL CC and exact method for A/N resource allocation are FFS
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Figure 3: Four ACK/NAKs transmission in a single UL CC
3 Summary
In this paper, we investigated the schemes to support multiple ACK/NAK transmission on PUCCH mapped onto a single UL CC.  In summary, we provide a solution to transmit multiple ACK/NACKs on a single UL CC by extending the number of PUCCH combined with ACK/NACK multiplexing. The merits include:
· Maintain backward compatible with Rel-8.

· Minimize the Rel-8 standard efforts.

· Simplify the PUCCH resource reservation.
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