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1 Introduction

At RAN1 #80 meeting, some high level observations for possible enhancements to UL control signaling to PUCCH formats are listed below [1]: 
· One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead

· PUCCH format selection including fallback operation

· Enhancements to PUCCH resource allocation/selection

At RAN1#81, the coding of UCI for CA beyond 5 CCs was agreed:
· For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 

· X-bit CRC is included in the HARQ-ACK transmission, X>=8 

· Baseline X for evaluation purpose only: X=8

· Rel-8 TBCC and rate matching is used 

As discussed in [2], new PUCCH format(s) should be introduced as the baseline to support UCI feedback for up to 32 DL CCs. Based on the new PUCCH format design, in this contribution, PUCCH format determination including fallback operation is discussed further. HARQ-ACK codebook determination and PUCCH format selection are related to PUCCH resource allocation, which is discussed in the companion contribution [3]. 
2 PUCCH format fallback

In current specification, a UE configured with PUCCH format 3 (PF3) transmits HARQ-ACK with PUCCH format 1a/1b, if the UE receives PDSCH scheduling only on the FDD PCell or the UE only receives PDSCH scheduled by PDCCH with DAI value equal to 1 on the TDD PCell or the UE only receives SPS PDSCH on PCell. This kind of operation is called PUCCH format fallback. The fallback operation can save UL overhead, optimize PUCCH resource utilization efficiency and also avoid ambiguity during RRC reconfiguration period. 
Fallback to PUCCH format 1a/1b

In order to avoid ambiguity during RRC reconfiguration period in Rel-13 CA, fallback to PUCCH format 1a/1b is still needed even if a UE are configured with new PUCCH format(s).

Proposal 1: A UE configured with new PUCCH format(s) should support fallback to PUCCH format 1a/1b when UE is only scheduled on Pcell for FDD or the UE is only scheduled in the subframe corresponding to DAI equal to 1 on the PCell or only SPS PDSCH is detected on the PCell by the UE.
Fallback to PUCCH format 3
As shown in [4], a UE configured with 32 DL CCs is mostly scheduled on a few of its configured DL CCs, and is only occasionally simultaneously scheduled on all its configured DL CCs. If the HARQ-ACK codebook size (i.e., the number of HARQ-ACK bits) is determined based on the number of configured carriers, very large UL overhead will be consumed and the performance of HARQ-ACK transmission will be degraded. Therefore, dynamic HARQ-ACK codebook determination based on the number of scheduled carriers/subframes is proposed. 
If the HARQ-ACK codebook size is less than 22 bits, it could be possible to fallback to PF3. This would reduce the UL overhead in particular for a new multi-PRB PF3, which is suitable for moderate HARQ-ACK payloads while offering multiplexing capacity with PF3 UEs. For other new PUCCH formats supporting large HARQ-ACK payloads per PRB, such as a PUSCH-based format, the UL overhead savings could also be seen when fallback to PF3 due to its multiplexing capacity(1/5 RB overhead is assumed for one PUCCH when 5 PUCCHs are multiplexed in one PRB ). Furthermore fallback to PF3 would allow the PUCCH resource of legacy users to be reused. 
If it can be assumed that the eNodeB and UE have the same understanding of the HARQ-ACK codebook size e.g. with accumulated DAI and total DAI solution, reservation of PF3 resource would only be needed if the actual HARQ-ACK codebook size is less than 22 bits. In order to reduce UL overhead or increase PUCCH resource utilization efficiency, a UE configured with new PUCCH format(s) should support fallback to PUCCH format 3 when the HARQ-ACK codebook size is less than 22 bits, except the scenarios of fallback to PUCCH format1a/1b discussed above.
Proposal 2: A UE configured with new PUCCH format(s) should support fallback to PUCCH format 3.
3 Switching between different PUCCH formats

Two or more PUCCH formats, e.g., a multi-PRB PF3 and a PUSCH-based format, may be introduced in Rel-13 CA targeting a scalable range of HARQ-ACK bits in [2] and switching between different PUCCH formats could be considered. In this paper, a same PUCCH format structure with different number of PRB pairs is regarded as a single PUCCH format which is consistent with the assumption of [3]. Both PUCCH format and the resource allocation of each PUCCH format should be considered. The latter is discussed in [3]. According to the PUCCH format determination, three options are provided as follows.
3.1 PUCCH format determination according to HARQ-ACK codebook size
The performance of HARQ-ACK transmission with different new PUCCH formats in the same HARQ-ACK codebook size is diverse according to the results provided in [2] . Moreover, considering the UL resource utilization efficiency and the performance of HARQ-ACK feedback, the HARQ-ACK codebook determination based on the number of scheduled carriers/subframes is discussed in [4]. One straightforward way is to link the PUCCH format with the determined codebook size. A predefined relationship of codebook size and the PUCCH format is needed. If the eNodeB and UE has the same understanding of HARQ-ACK codebook size, then they have the same understanding of PUCCH format. No explicit indication for PUCCH format is needed. 
3.2 PUCCH format determination according to dynamic signalling indication

Based on the agreements at RAN1#81, Rel-8 TBCC and rate matching will be used for HARQ-ACK feedback. Therefore, it could be possible that a same HARQ-ACK payload could be supported by more than one new PUCCH formats. In addition, higher order modulation, 16-QAM, may be introduced in new PUCCH format(s) and it may be expected that it is advantageous to switch between different PUCCH formats, e.g., depending on channel conditions, UL overhead etc. All these variables make the PUCCH format selection more flexible. One simple way to provide this flexibility is to dynamically indicate the PUCCH format by signaling.
3.3 PUCCH format determination according to RRC configuration 
The eNodeB could configure the PUCCH format with RRC signaling. This would allow selecting a suitable format considering a maximum HARQ-ACK payload and the need for UE multiplexing capability. Dynamic resource allocation could still assign variable amount of resources, e.g., to adapt to the actual HARQ-ACK codebook size. However, the switching between PUCCH formats will be slower than the previous alternatives.
For the alternatives in Sec. 3.2 and 3.3, the signaling indicator can be reflected by the flexible PUCCH resource allocation which is discussed in [3]. Dynamic resource allocation including the number and the position of the PRBs can be used to deal with different channel environments, such as deep fading or external interference.
Proposal 3: Switching between PUCCH formats should be supported for CA beyond 5 CCs considering the following alternatives:
· PUCCH format determination according to HARQ-ACK codebook size

· PUCCH format determination according to dynamic signalling indication
· PUCCH format determination according to RRC configuration
4 Conclusion

Based on analyses above, according to dynamic adaptation of PUCCH format for CA beyond 5 CCs, the following proposals are provided: 
Proposal 1: A UE configured with new PUCCH format(s) should support fallback to PUCCH format 1a/1b when UE is only scheduled on Pcell for FDD or the UE is only scheduled in the subframe corresponding to DAI equal to 1 on the PCell or only SPS PDSCH is detected on the PCell by the UE.
Proposal 2: A UE configured with new PUCCH format(s) should support fallback to PUCCH format 3.

Proposal 3: Switching between PUCCH formats should be supported for CA beyond 5 CCs considering the following alternatives:
· PUCCH format determination according to HARQ-ACK codebook size

· PUCCH format determination according to dynamic signalling indication
· PUCCH format determination according to RRC configuration
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