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1. Introduction
For carrier aggregation in LTE-A, more than two ACK/NACK bits have to be fed back in one UL carrier when multiple DL carriers are scheduled to a UE. The ACK/NACK feedback scheme is now under discussion in RAN1. A way forward has been agreed in #58b meeting [1]. According to this way forward, a case may exist when the ACK/NACK for 5 DL CCs have to be mapped to one UE specific UL CC. Therefore totally 10 ACK/NACK bits for a UE with 2 codewords per CC have to be fed back in one UL CC. If further considering DTX in the feedback values, the maximum number of feedback bits will be 12, as analyzed in [2]. Therefore the ACK/NACK feedback scheme in Rel.8 is obviously not appropriate for this case. In this contribution, we provide our considerations on ACK/NACK feedback schemes for carrier aggregation in LTE-A.
2. Discussion
2.1. Options target for moderate to high SNR UEs

Several ACK/NACK transmission options for carrier aggregation have been proposed in many contributions [3][4][5]. Some of them are candidates to be used for moderate to high SNR UEs. For example, higher order modulation, slot based transmission and reduced time domain spreading factor, etc. These techniques, if been used, have to be evaluated and compared from the factors such as detection performance, PAPR and the compatibility with Rel.8 UEs. 
For PUCCH format 1b in Rel.8 specifications, the ACK/NACK resource for a UE, including the physical resource and the frequency and time domain sequence are deduced from the lowest CCE index of the corresponding PDCCH. A parameter deltaPUCCH-shift configured by high layer defines the available time and frequency sequences for ACK/NACK feedback in a UL RB. A sequence mapping example for deltaPUCCH-shift equals to 2 is shown in Table 1. 
Table.1 A sequence mapping example for deltaPUCCH-shift=2
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It is observed that two UEs may have the same frequency domain sequence but with time domain sequence index 0 and 2, respectively. These two length 4 time domain sequence ((1,1,1,1), (1,-1,-1,1)), if the spreading factor reduced to be 2, still maintain orthogonality with each other. Therefore for the option with reducing the time domain spreading factor discussed above, it is noted that the SF can be reduced to 2 without incurring much impact to Rel.8 UEs. In other words, it has no scheduling restriction for Rel.8 and Rel.10 UEs. For deltaPUCCH-shift configured to be 3, different UEs use different time and frequency sequences. Therefore there is also no scheduling restriction for Rel.8 and Rel.10 UEs with SF equals to 2.

2.2. Multiplexing methods
Multiplexing method as defined in Rel.8 for ACK/NACK feedback for TDD systems are considered by some companies as the base method for ACK/NACK feedback for carrier aggregation. Considering for forward compatibility to possibly support more carriers in the future as stated in the WF, it may not a good idea to directly design a new larger size multiplexing method.
To use the multiplexing method for ACK/NACK feedback in CA, one method is to divide the DL carriers into groups, with each group has no more than 4 DL carriers. The multiplexing method as defined in Rel.8 is utilized for each group. The basic idea is illustrated in Fig.1. 
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Fig.1 multiplexing with DL CC grouping

It is noted the group method may have to combine with other methods to provide feedback for 5 DL carriers, for example, to combine with multiple resource (codes) transmission or the methods discussed in 2.1.

3. Conclusions

In this contribution, several ACK/NACK feedback schemes are discussed for carrier aggregation in LTE-A. It is observed that if the parameter deltaPUCCH-shift is configured to be 2 or 3, the scheme of reduced SF to be 2 incurred no scheduling restriction with Rel.8 UEs. Besides, multiplexing method is analyzed and the DL CC group method is preferred for ACK/NACK feedback.
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