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1 Introduction
UL ACK/NACK (A/N) feedback issue for carrier aggregation has been discussed extensively in recent meetings. As discussed in [1], the following A/N transmission schemes could be supported in LTE-Advanced:
· A/N bundling for UEs with power limitation
· A/N multiplexing for UEs without power limitation
· The channel selection based scheme for A/N feedback with a relatively small payload
· The joint coding based scheme for A/N feedback with a relatively large payload

This contribution gives some detailed design on supporting these A/N transmission schemes, especially the related DCI design like Downlink Assignment Index (DAI) and ACK Resource Indicator (ARI).
2 Downlink assignment index for A/N bundling
For A/N bundling, a logical AND operation is performed per codeword across both DL CCs and sub-frames (TDD only). One or two bits A/N could be fed back depending on whether there is 2 codewords PDSCH transmission. A/N bundling provides the best UL coverage for UEs with power limitation.

For A/N bundling, a DAI field in DL assignment will be required to avoid possible DTX->ACK problem, as done in LTE TDD. There will be no problem to have a DAI field in LTE-Advanced TDD since it already exists in LTE TDD. However, a DAI field is not present in LTE FDD and will become an extra field for LTE-Advanced FDD. Considering PDCCH reliability and reducing new DCI payload sizes for blind decoding, it would be preferred to avoid introducing a separate DAI field.
In LTE, a TPC command composed of 2 bits in DL assignment is used to control the transmitting power of corresponding PUCCH A/N. For carrier aggregation, it has been agreed that a single UE-specific UL CC is semi-statically configured for carrying PUCCH A/N [2] and TPC command in DL assignment is applied to UL CC on which the A/N is transmitted [3]. In the case of a UE is simultaneously scheduling on multiple DL CCs, multiple DL assignments will be received, where multiple TPC commands can apply to a single UL CC. Although combining the TPC values may increase the power control step size, it could also potential reduce the reliability of power control and add additional complexity. Therefore, we think one TPC command is enough for a single UL CC. 

Since A/Ns for a UE is fed back on a same UL CC, a same TPC command in all DL assignments can be expected. Such an example can be found in Fig. 1, where a UE aggregates DL CC1 ~ DL CC3 and UL CC2. It is also assumed that a DL assignment can only schedule PDSCH transmission on the same DL CC. Besides, UL CC2 is configured to carry all UL A/Ns. In our understanding, a same TPC command is not necessary and the field for TPC command can be reused as DAI in some DL assignments.
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Figure 1 Same PUCCH TPC command in all DL assignments.
In RNA2, it has been agreed to define a downlink Primary Component Carrier (PCC) and an uplink PCC for a UE. A configured downlink CC could be explicitly activated or deactivated through MAC control element. The downlink PCC can not be de-activated. And the uplink PCC is used for transmission of PUCCH SR, A/N and RI/CQI/PMI.
When a UE is activated only on the downlink PCC and the uplink PCC, it would be preferred that the UE could still be treated in a similar way as a single carrier UE. This implies that DL assignment for scheduling PDSCH on downlink PCC will be transmitted on downlink PCC, and a cell-specific linkage as discussed in [4] will exist between downlink and uplink PCC so that the implicit A/N resource mapping from PDCCH CCE index could be maintained. In this case, if TPC field is reused as DAI when DL assignment is not for scheduling PDSCH transmission on the downlink PCC, it can be avoided to introduce a separate DAI field for LTE-Advanced FDD. Take the example shown in Fig. 1, DL CC2 and UL CC2 are the downlink PCC and the uplink PCC, respectively. TPC field for DL assignment on DL CC2 can be used as TPC command and TPC field for DL assignment on DL CC1 and DL CC3 can be reused as DAI, as illustrated in Fig. 2.
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Figure 2 Reuse TPC command as DAI if DL assignment is not for PDSCH on the downlink PCC (FDD only).
When TPC field is reused as DAI if DL assignment is not for PDSCH transmission on the downlink PCC, an obvious advantage is that a separate DAI field can be avoided. It has a good backward compatibility and can be applied no matter cross-carrier scheduling exists or not.
For A/N bundling, one UL A/N resource with PUCCH format 1a/1b would be enough since only 1 or 2 bit A/N will be fed back. Although there will be no DAI field for DL assignment of PDSCH transmission on downlink PCC, the DAI in other DL assignments could be implemented as the total number of DL assignments on all DL CCs, or as a counter while assuming a DAI value of 0 for DL assignment of PDSCH transmission on downlink PCC if it exists. When DAI is implemented as the total number of DL assignments, it is possible to only assign UL A/N resource for DL assignment(s) transmitted on linked DL CC(s) from implicit mapping. Here a “linked” DL CC means that A/N resources for the DL CC are implicitly reserved on the UL CC. No explicitly signaled resource will be required even if there are DL assignment(s) transmitted on un-linked DL CC(s) for a UE.
Based on the above discussion, it is proposed that:

For A/N bundling in LTE-Advanced FDD, TPC field is used as TPC command if the DL assignment is for scheduling PDSCH transmission on the downlink PCC, otherwise is reused as DAI.
3 ACK resource indicator for A/N multiplexing
For A/N multiplexing, A/N feedback with up to 5 DL CCs should be supported in Rel. 10. As discussed in [1], two ways could be further considered in carrier aggregation. One is the channel selection based scheme for A/N feedback with a relatively small payload. The other is the joint coding based scheme for A/N feedback with a relatively large payload.

For the channel selection based scheme, one UL A/N resource with PUCCH format 1b would be required for each PDSCH transmission. Depending on how the cell specific linkage is defined between DL CCs and PUCCH UL CCs, explicit signalling may be needed for assigning UL A/N resource to a DL assignment transmitted on an unlinked DL CC. For the joint coding based scheme, one UL A/N resource with PUCCH format 2 or new PUCCH format would be required for a UE. It is also possible to explicitly signal the UL A/N resource.

The explicit signalling could be sent through RRC or activation command. However, considering that CC activation / deactivation is done through MAC control element, fast activation / deactivation is impractical. So a UE can not be assumed to be scheduled in most sub-frames when a CC is activated. Besides the explicit signalling sent through RRC or activation command, it would be beneficial for better resource management to have some kind of dynamic UL A/N resource indication in DL assignments [5], which is called ACK Resource Indicator (ARI). For example for the channel selection based scheme, 4 PUCCH resources can be semi-statically signalled to a UE through RRC for each configured DL CC, as what has been done for downlink semi-persistent scheduling in LTE. An ARI consisting of 2 bit can further indicate which PUCCH resource is currently used. An ARI in DL assignment is beneficial for better supporting statistical multiplexing of explicitly signalled UL A/N resources among UEs. Thus makes the explicit signalling more scalable to accommodate more UEs configured with multiple DL CCs.
Although an ARI in DL assignment is beneficial for better resource management, a separate ARI field will be undesirable for the reason of PDCCH reliability and reducing new DCI payload sizes for blind decoding. Fortunately, TPC field can be reused as ARI in some DL assignments since a same TPC command in all DL assignments is not needed.
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Figure 3 Reuse TPC command as ARI if DL assignment is not for PDSCH on the downlink PCC.
For the channel selection based A/N multiplexing scheme, explicit signaling of UL A/N resource will only be needed if the corresponding DL assignment is transmitted on an unlinked DL CC. So TPC field could be reused as ARI when DL assignment is not transmitted on a linked DL CC. When a DL assignment is transmitted on a linked DL CC, UL A/N resource can be implicitly mapped from PDCCH CCE index and TPC field could be used as TPC command.

For the joint coding based A/N multiplexing scheme, TPC field could be reused as ARI when DL assignment is not for scheduling PDSCH transmission on the downlink PCC. Although there is no ARI field for DL assignment of PDSCH transmission on downlink PCC, the implicitly mapped PUCCH format 1a/1b resource can be used if the UE only receives this DL assignment. Otherwise, the explicitly signaled PUCCH resource can be used. So there will be no problem to have no ARI field for DL assignment of PDSCH transmission on downlink PCC.
Take the example shown in Fig. 1, DL CC2 and UL CC2 are the downlink PCC and the uplink PCC for the UE, respectively. Only DL CC2 is the linked DL CC of UL CC2. In this example, TPC field for DL assignment on DL CC2 can be used as TPC command and TPC field for DL assignment on DL CC1 and DL CC3 can be reused as ARI, as illustrated in Fig. 3. By reusing TPC field as ARI depending on where DL assignment is transmitted, it can be avoided to introduce a separate ARI field. Hence it is proposed that:

For the channel selection based A/N multiplexing scheme, TPC field can be used as TPC command if the DL assignment is transmitted on a linked DL CC, otherwise can be reused as ARI. For the joint coding based A/N multiplexing scheme, TPC field can be used as TPC command if the DL assignment is for PDSCH transmission on the downlink PCC, otherwise can be reused as ARI.

4 Conclusion
This contribution focuses on UL A/N feedback related DCI design for carrier aggregation. For A/N bundling, DAI in DL assignment is required to avoid possible DTX->ACK problem. For A/N multiplexing, ARI in DL assignment is beneficial for better resource management when explicit signalling is used. To avoid introducing a separate DAI field and a separate ARI field, it is further proposed that:
· For A/N bundling
· In LTE-Advanced FDD, TPC field is used as TPC command if the DL assignment is for scheduling PDSCH transmission on the downlink PCC, otherwise is reused as DAI.
· For A/N multiplexing

· For the channel selection based scheme, TPC field can be used as TPC command if the DL assignment is transmitted on a linked DL CC, otherwise can be reused as ARI.
· For the joint coding based scheme, TPC field can be used as TPC command if the DL assignment is for scheduling PDSCH transmission on the downlink PCC, otherwise can be reused as ARI.
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