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1. Introduction
In the RAN1 #58bis meeting, the followings were agreed on PUCCH for carrier aggregation [1].
· Rel. 10 design supports up to 5 DL CCs
· Consider extendability 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...) 

Clarifications:

· A/N mapping onto one UL CC: semi-static and dynamic mapping are not excluded.

· Multiple PUCCH on an UL CC is not excluded.

According to the above agreement, Release 10 PUCCH design has to support up to 5 DL CCs and mapping all ACK/NACK bits for a UE to one UE-specific UL CC is a baseline assumption. Since up to two TBs can be transmitted in each DL CC using the spatial multiplexing, Release 10 PUCCH should be designed to support up to 10 ACK/NACK bits simultaneously considering 5 DL CCs.

Until now, several ACK/NACK transmission options for carrier aggregation have been proposed in many companies [2]-[8]. Among them, five possible options we are considering are described in this contribution.
2. ACK/NACK Transmission Options
2.1. Option 1: Bundling
In this option, all or some of ACK/NACK bits are bundled by performing a logical AND operation. Therefore, a UE transmits ACK state to the eNB only if all bundled ACK/NACK bits are ACKs while a UE reports NACK state if at least one of them is NACK. Release 8 PUCCH ACK/NACK design can be fully reused and single carrier property is maintained in this option. However, since there is no correlation among the decoding failure events of the different DL CCs, the bundling operation causes very frequent DL retransmission and therefore throughput loss. This option can be used for the UE that is power-limited and not allocated additional PUCCH resources.
2.2. Option 2: Higher-order modulation

Release 8 can support up to 2 HARQ-ACK bits per ACK/NACK channel. The 1-bit HARQ-ACK is mapped into one BPSK symbol and 2-bit HARQ-ACK is mapped into one QPSK symbol. In Release 10, higher-order modulation can be employed for the UE of high SNR. However, at most 8-PSK modulation would be a reasonable choice considering the detection performance and CM increase. Therefore, this option can support at most 3 HARQ-ACK bits.
2.3. Option 3: Multi-code transmission

In Release 8 PUCCH format 1a/1b, one time-frequency spreading code per UE is used to transmit a HARQ-ACK symbol and the other codes are used for the other users. Therefore, single carrier property is preserved. If the requirement of the single carrier property is relaxed and ACK/NACK resource allocation method is changed to be able to support multiple time-frequency codes per UE, multiple HARQ-ACK symbols can be reported simultaneously. In order to maintain the same PUCCH coverage as Release 8, the UE transmission power needs to be increased in proportion to the number of time-frequency codes. Therefore, this option can be used for the UE with no power limitation. 
2.4. Option 4: Time-domain spreading code length reduction
In Release 8 PUCCH format 1a/1b, the time-domain spreading code of length 4 is applied and one HARQ-ACK symbol is transmitted in a subframe. By using the spreading code of length 2, up to 4-bit HARQ-ACK can be supported and by not using it, up to 8-bit HARQ-ACK can be supported. Since the energy per symbol decreases as the spreading factor is reduced, this option is acceptable for the UE with high SNR.
2.5. Option 5: Resource selection
This option is similar to Release 8 TDD ACK/NACK multiplexing method with channel selection. If there are multiple resources available for HARQ-ACK transmission, the combination of the selection of one resource among them and QPSK symbol mapping could be used to convey multiple ACK/NACK/DTX information. Since only one resource among available multiple resources is activated, this option maintains single carrier property and the same UE transmission power as Release 8.
The resource selection level can be categorized into three types: carrier-level, channel-level, and slot-level.

· Carrier-level resource selection
Fig. 1 shows carrier-level resource selection method. Available multiple PUCCHs are present over the multiple UL CCs and only one PUCCH is activated to report ACK/NACK/DTX state.
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Fig. 1 Carrier-level resource selection
· Channel-level resource selection

Fig. 2 shows channel-level resource selection method. In case that the multiple resources are available in a UL CC for HARQ-ACK transmission, only one resource among them is activated, where resource can be PRB, cyclic shift, or time-domain spreading code.
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Fig. 2 Channel-level resource selection
· Slot-level resource selection

Fig. 3 shows slot-level resource selection method. This approach is similar to the channel-level resource selection. The only difference is that in this approach, it is allowed to use the different cyclic shift or time-domain spreading code in each slot or to make a pair between two PRBs differently from Release 8 method.
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Fig. 3 Slot-level resource selection
3. Conclusion
We have discussed five possible options for transmitting ACK/NACK symbols on PUCCH for carrier aggregation: bundling, higher-order modulation, multi-code, time-domain spreading code length reduction, and resource selection. As the number of HARQ-ACK symbols to be reported increases, it would be impossible to support all HARQ-ACK symbols simultaneously by using only one option. Therefore, we think that it should be considered to use the five options jointly as well as to use only one option.
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