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1
Introduction
In a multicarrier LTE-A system, a UE may be configured with two or more component carriers (CC)s. The transmission of ACK/NAKs for multiple DL CCs is always from one signle UL CC. The transmission of ACK/NAK for CA is thus similar to that of TDD systems where one UL subframe may need to provide ACK/NAK feedback for two or more downlink subframes. In this contribution, we discuss the benefits of DAI for CA and propose to introduce DAI for CA.
2
Discussion

In a multicarrier LTE-A system, a UE may be configured with two or more component carriers (CC)s, one of which is configured as the primary CC (PCC). The transmission of ACK/NAKs for multiple DL CCs is always from one signle UL CC, namely, the UL PCC. As a result, the ACK/NAK feedback overhead on the UL PCC may be significantly larger than that of Rel-8 (up to 2 ACK/NAK bits). In case of 5 CCs, up to 10-bit ACK/NAK may need to be carried by the UL PCC. If DTX is supported, the payload size can be furthered increased to 12 bits. In RAN1#61bis, the following agreement was made regarding the schemes for multiplexing multiple ACK/NACK bits:

· 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
In Rel-8 TDD systems, one UL subframe may need to provide ACK/NAK feedback for two or more downlink subframes. To facilitate efficient ACK/NAK feedback, a 2-bit DAI is introduced in DL DCI formats indicating the accumulative number of DL transmissions in the bundling window. At the same time, a 2-bit DAI is also introduced in UL DCI format 0 signalling the total number of DL transmissions, in order to facilitate ACK/NAK feedback when the UL grant is sent in parallel with DL grants in the bundling window. Note that the introduction of DAI is beneficial for both modes of ACK/NAK feedback specified for TDD, namely, bundling and multiplexing. 
Similarly, there are also numerous benefits of introducing DAI for CA, including:
· PUCCH power control: In Rel-8, PUCCH power control depends on the number of control information bits. For PUCCH carrying multi-bit ACK/NAK, the UE may determine the number of ACK/NAK bits based on the configured, activated, or detected number of CCs. The first two can be significantly larger than the number of scheduled CCs at the eNB and consequently, may cause over-power-control. The latter can be lower than the number of scheduled CCs, depending on the probability of PDCCH miss-detection. Although PUCCH power control commands may be sent by the eNB to address this issue, it comes with the expense of PDCCH overhead. With DAI, the PUCCH power control at the UE can be aligned with the eNB based on the scheduled CCs [1].
· ACK/NAK Piggybacking on PUSCH: Similar to PUCCH power control for multi-bit ACK/NAK, the determination of the number of REs for ACK/NAK piggybacking on PUSCH may also depend on the configured, activated, or detected number of CCs. Again, using the configured or activated number of CCs for ACK/NAK piggybacking on PUSCH can be very inefficient and may significantly impact PUSCH performance. Using the detected number of CCs, on the other hand, may cause ambiguity between the eNB and the UE, causing necessary blind detection (hence complexity) at the eNB and more importantly, negative impact on both ACK/NAK and PUSCH performance. With DAI, ACK/NAK piggybacking on PUSCH at the UE can be aligned with the eNB based on the scheduled CCs [1].
· Multiplexing of UL signals: In Rel-8, when configured, ACK/NAK and other UL signals, e.g., CQI, can be multiplexed in one UL subframe, in order to avoid frequent dropping of CQIs and hence causing ineffecient DL scheduling. For CA, if ACK/NAK is not multiplexed with CQI, CQI can be more frequently dropped. The more the UE needs to be scheduled for DL transmissions, the more likely the channel information feedback is dropped. Such an issue can be severe since typically more DL scheduling often needs more frequent channel feedback. DAI makes it possible to more efficiently multiplex ACK/NAK with CQI using DFT-S-OFDM, as the actual ACK/NAK payload size in DFT-S-OFDM can be based on the scheduled CCs. 

· CC-bundling: For power limited UEs, CC-bundling may be introduced. If the bundling operation is based on the number of configured or activated CCs, the ACK/NAK feedback may become useless when the number of scheduled CCs is less. DAI helps the UE pinpoint the scheduled CCs and more efficiently convey the ACK/NAK information.
· DTX feedback: It is FFS whether full DTX report for 5 CCs is needed or not (such that a 12-bit feedback is necessary for 5 CCs). However, DTX feedback for some CCs, potentially in an infrequent manner, is important for the eNB to manage the reliability of PDCCH. Needless to say, the reliability of PDCCH is crucial for DL data transmissions. With DAI, the UE can more accurately tell whether the PDCCH for a CC is missed or not.

· Dynamic PUCCH format selection: Dynamic PUCCH format selection may be necessary. For instance, even if the UE is configured with 5 CCs, it may be scheduled with one CC in one subframe. Under such a condition, if CQI is transmitted concurrently, Rel-8 format 2a/2b may be used for improved efficiency. The introduction of DAI makes it possible to gather such benefit.

· Ambiguity in activation/deactivation: While there may be ambiguity during RRC re-configuration, such ambiguity is typically tolerable as it is rather infrequent. However, activation/deactivation is designed to be more frequent, and the potential ambiguity can not be ignored. DAI may help alleviate the ambiguity as the UE can be explicitly informed whether a CC is scheduled or not.
· Blind detection and false alarm: DAI may also help reduce PDCCH blind detection and false alarm probability. A UE can be explicitly informed whether a CC is scheduled or not via another CC [1]. With that information, the UE clearly knows whether to perform PDCCH detection or not on that CC.

With the above benefits, we recommend to introduce DAI for CA, as discussed in [1].
3
Conclusions
In this contribution, we discussed the benefits of DAI for CA, including PUCCH power control, ACK/NAK piggybacking on PUSCH, multiplexing of UL signals, CC-bundling for ACK/NAK, DTX feedback, dynamic PUCCH format selection, CC activation/deactivation, PDCCH blind detection and false alarm probability. 
With such benefits, we recommend to introduce DAI for CA, as discussed in [1].
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