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1 Introduction 
In the RAN1 #61bis meeting, the following was agreed on A/N transmission in carrier aggregation (CA) [1].
Agreement (for both FDD and TDD):
· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM
The DFT-S-OFDM based A/N feedback jointly encodes multiple A/N bits associated with DL assignments on multiple component carriers (CCs). The (32, O) RM block code with circular buffer rate matching in TS 36.212 can be used to encode the A/N bits. In this contribution, we discuss the codebook adaptation issue in DFT-S-OFDM based A/N feedback.

2 Codebook adaptation for DFT-S-OFDM based A/N feedback
Fast vs. slow codebook adaptation:
Better error protection of A/N bits can be achieved by minimizing the size of information bits, which effectively lowers the code rate for a given codeword size. Since the actual amount of information varies depending on DL assignments, the size of A/N bits may need to vary for optimal A/N detection performance. However, as discussed in previous contributions [2-4], dynamic (fast) adaptation of the A/N codebook based on the actual assignments or activated CCs is prone to errors stemming from misalignment on the codebook between the UE and eNB. Further as shown in [2], the slow codebook adaptation with dynamic decoder adaptation utilizing full scheduling knowledge can achieve comparable performances resulting in only a marginal performance loss (0 ~ 0.5 dB) compared with the fast adaptation performance. Hence we prefer to use the slow codebook adaption based on the set of configured DL CCs.

Slow codebook adaptation:

The transmission mode (TM) of a UE is on a CC-by-CC basis and thus can be different between configured DL CCs. When the slow codebook adaptation based on the configured CCs is adopted, the remaining issue is whether the UE bases the A/N information bits on the actual TM of each CC or the “highest possible” TM mode of each CC. The following two alternatives can be envisioned.

Alt. 1 Codebook adaptation based on the current TM of each configured DL CC:

The UE generates A/N information bits based on the current TM mode of each CC in the configured CC set. Thus, the number of A/N information bits for the UE to report depends on the configured TM mode of each CC. 
Alt. 2 Codebook adaptation based on the “highest” TM of each configured DL CC:

The UE generates A/N information bits based on the highest possible TM mode of each CC in the configured CC set. If the UE has MIMO reception capacity, the UE assumes the two A/N bits for each CC in the configured CC set regardless of the actual TM configured at the time. That is if the UE is configured with N DL CCs, the total number of A/N information bits for the UE to report is 2N always, assuming NAK/ DTX bundling. If the UE does not have MIMO reception capacity, the number of A/N information bits is N.
In terms of A/N performance, Alt. 1 may perform a little better than Alt. 2 since Alt. 1 uses a smaller size of information bits. But using logic similar to the performance comparison results in [2], the performance gain of Alt. 1 over Alt. 2 is expected to be very small when the decoder exploits the full knowledge of the TM mode and scheduling information of each CC. 

The benefit of Alt. 2 over Alt. 1 is the misalignment between the UE and eNB does not occur during reconfiguration of TM. However, if the rate of TM reconfiguration is so slow that the misalignment is not an issue, then the Alt. 1 can be chosen for more reliable A/N transmission. 
3 Conclusion
In conclusion, we have discussed the A/N codebook adaptation for CA. We propose the following.
Proposal 1: The A/N codebook adaption is based on the set of configured DL CCs.
Proposal 2: One of the following two alternatives is selected for the slow codebook adaptation.

Alt. 1: Codebook adaptation based on the current TM of each configured DL CC
Alt. 2: Codebook adaptation based on the “highest” TM of each configured DL CC
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