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1 Introduction
In RAN1#82bis, following agreement was reached on dynamic adaptation between legacy PUCCH format and one of new PUCCH formats.
Agreements:
· At least for FDD, for the Rel-13 UE configured to transmit up to more than 22 HARQ-ACK bits with a dynamic codebook configuration (i.e., the maximum possible codebook size is more than 22 bits) in a subframe, 
· Dynamic adaptation between PUCCH format 3 and one of the new PUCCH formats is supported for the actual HARQ-ACK transmission

In this contribution, we provide further details on dynamic adaptation between PUCCH format 3 and one of new PUCCH formats.
2 Discussion
2.1 PUCCH format switching (Fallback operation)

In current mechanism, if PUCCH format 3 is configured by eNB to a UE, the PUCCH format switching (fallback operation) can be performed e.g. PUCCH format 1a/1b: when either one PDSCH or (E)PDCCH indicating DL SPS release (having DAI=1 in TDD) is scheduled on only PCell, or PUCCH format 1b with channel selection: one PDSCH or (E)PDCCH indicating DL SPS release with DAI=1 in TDD(TDD-FDD) is scheduled in addition to DL SPS PDSCH within a bundling window on only PCell. The fallback operation has provided better PUCCH resource utilization and PUCCH link adaption for PUCCH transmission since Rel-10 CA.
In Rel-13 eCA, the same benefits via PUCCH fallback operation shall be definitely inherited. Since new PUCCH format will support for up to 32 carriers, the all of HARQ-ACK bits will be depending on the number of configured CCs/subframes and MIMO TM per CC, and thus some reduction schemes of corresponding HARQ-ACK bits given by the number of configured CCs/subframe and MIMO TM per CC shall be considered. Accordingly, the determination of HARQ-ACK payload size in Rel-13 eCA can be performed with the configured CCs/subframes and an additional bundling e.g. spatial bundling, time/frequency bundling, if it is over than the maximum payload size of new PUCCH format (e.g. 64 bits in FDD PUCCH Cell, at least 128 bits in TDD PUCCH Cell). Alternatively, the HARQ-ACK payload can also be determined based on the actual scheduled CCs/subframes and an additional bundling if needed, similar with above. 
For PUCCH format switching, PUCCH format can be switched as the following methods.
Alt 1: By the scheduling information and maximum payload size supported by new PUCCH format
In this way, PUCCH format can be determined based on the number of actual DL scheduled cells and maximum payload size supported by PUCCH format. The maximum payload size of PUCCH format 3 can be criteria on whether new PUCCH format can transmit by a UE configured with beyond 5 carriers, e.g. 10bits in FDD and 21bits in TDD. If the payload size of HARQ-ACK calculated based on the number of scheduled CCs/subframes is over than 10 bits or 21 bits then, new PUCCH format is used for HARQ-ACK reporting in UE side. Otherwise, the UE can decide to switch other PUCCH formats depending on e.g. for PUCCH format 1a/1b fallback: whether one PDSCH or (E)PDCCH indicating DL SPS release is scheduled on PCell only, or for PUCCH format 1b with channel selection whether one PDSCH or (E)PDCCH indicating DL SPS release in addition to DL SPS PDSCH is scheduled on PCell only, otherwise PUCCH format 3.
Alt 2: By the scheduling information and cell grouping
In this alternative, PUCCH format can be determined based on which DL CC is scheduled across the cell group. The motivation to define the cell group is to follow the condition that PUCCH format 1a/1b is used when one PDSCH/(E)PDCCH indicating DL SPS release is only scheduled in PCell for the UE configured with PUCCH format 3 in Rel-12. Additionally, it may result in less specification impact than that of Alt 1. Accordingly, one cell group shall be associated with the pre-configured number of CCs and CC index (Serving cell index) that can be for example aligned with the maximum number of CCs supported by PUCCH format 3. The other cell group can consist of remaining CCs within the all configured CCs to the UE. 
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Figure 1: Example of cell grouping for PUCCH format switching when new PUCCH format is configured
One example is provided as following. In this example, assuming the UE is configured with beyond 5 carriers, cell group#0 and cell group#1 consists of 5 numbers of CCs (including PCell) and remaining CCs except 5 numbers of CCs, respectively. If the PDSCH are scheduled to the UE on CC#1 and CC#2 that are associated with the cell group#0, then PUCCH format 3 can be used for HARQ-ACK reporting instead of new PUCCH format. If at least one PDSCH is scheduled on the CC that is included in cell group#1, new PUCCH format is transmitted for HARQ-ACK reporting. Note that the motivation to define the cell groups is to distinguish the possible number of CCs that can be supported by existing PUCCH format (e.g. PUCCH format 3) within configured CCs for PUCCH format switching. Accordingly, it can be further discussed on how many CCs can be maximally consisted of the one cell group for HARQ-ACK reporting by existing PUCCH format, e.g. if the PCC is TDD UL-DL configuration 5, the number of .
Moreover, it can be also discussed that how the eNB detects the corresponding PUCCH format determined by the UE based on above approaches. One way is same as current eNB design that eNB is blindly detecting the PUCCH format candidates according to the scheduling information. The other way is to rely on the explicit eNB signalling when the eNB schedules the PDSCH. One straightforward way is using ARI in DL DCI format [1].  

Proposal 1: For PUCCH format switching, PUCCH format can be switched as following methods
· By the scheduling information and maximum payload size supported by new PUCCH format
· By the scheduling information and cell grouping
3 Conclusion

In this contribution, we discussed PUCCH resource allocation and PUCCH format switching for new PUCCH format in LTE Rel-13 eCA. The above discussion is summarized with the following proposals:
Proposal 1: For PUCCH format switching, PUCCH format can be switched as following methods

· By the scheduling information and maximum payload size supported by new PUCCH format
· By the scheduling information and cell grouping
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