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1 Introduction

At RAN1 #82bis meeting, some agreements on another new PUCCH format including CDM were made:

· Multiplexing of multiple users in a CDM-based PUCCH format is supported 

· New PUCCH format with CDM is optional for UEs supporting CA with more than 5 serving cells

· FFS: Dynamic PUCCH format adaptation between different PUCCH formats is supported
Therefore two new PUCCH formats will be introduced for Rel-13 CA including PUSCH-like PUCCH format without and with CDM, denoted as PUCCH format 4(PF4) and PUCCH format 5(PF5) respectively. 
The issues about PUCCH format adaptation and PUCCH resource allocation were also discussed and the following agreements were made:
· 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
· For both FDD and TDD, configure 4 PUCCH resources for whichever of the new PUCCH formats is configured, indicated by ARI

· In case of the PUSCH-like format, each PUCCH resource may comprise a different number of PRBs

· FFS which ARI applies in case of payload size changing during bundling window with TDD.

In this contribution, dynamic adaptation between PUCCH format 3(PF3) and one of the new PUCCH formats for TDD and adaptation between new PUCCH formats are further discussed. Some options for how to apply PUCCH format adaptation are also provided.
2 Dynamic adaptation between PF3 and new PUCCH formats 
2.1 Dynamic adaptation between PF3 and PF4

The benefit of dynamic adaptation between PF3 and PF4 was discussed in [1] and fallback to PF3 was agreed at least for FDD for one of the new PUCCH formats. The only concern about TDD is ARI in case of payload size changing during bundling window. In the contribution about dynamic HARQ-ACK codebook determination [2], we find that it is not a problem for the eNB to predict the number of scheduled CCs/subframes in the bundling window. Therefore, the total DAI denoting the total number of CCs/subframes in the bundling window is proposed in each DL assignment. ARI which is used to indicate one of four configured PUCCH resources can be determined according to the total HARQ-ACK codebook size at the first subframe and the eNB would know which PUCCH format that applies. The same ARI value should be used in all subframes during the bundling window for TDD which is the same principle of ARI for PF3 in current specification.
Proposal 1: For FDD and TDD, dynamic adaptation between PUCCH format 3 and PUCCH format 4 is supported

· For TDD, the same ARI value is assumed in all subframes of the bundling window.
2.2 Dynamic adaptation between PF3 and PF5

PUCCH format 5 is PUSCH-like PUCCH format with CDM. The multiplexing capacity is 2 UEs and the number of PRBs of PF5 is fixed to 1. If there is 1 UE per PUCCH format 5 resource, there is no overhead saving for fallback from PF5 to PF3, since PF5 and PF3 use the same number of PRBs. If there are 2 UEs per PUCCH format 5 resource, it cannot be guaranteed that both PF5 UEs fallback to PF3 simultaneously. Therefore dynamic adaptation between PF3 and PF5 is not expected to provide any meaningful gains.
Proposal 2: Dynamic adaptation between PUCCH format 3 and PUCCH format 5 is not supported for Rel-13 CA.
3 Adaptation between new PUCCH formats 
Two new PUCCH formats, PUCCH format 4 and PUCCH format 5, were agreed for Rel-13 CA. The motivation of introducing PF5 is to support moderate number of HARQ-ACK bits with two users multiplexing capability. Large number of HARQ-ACK bits is the target of PF4. 
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. Different numbers of PRBs is supported for PF4. Dynamic resource allocation could assign variable amount of resources, e.g., to adapt to the actual HARQ-ACK codebook size or different channel conditions. PF5 is optional for UEs supporting CA with more than 5 serving cells. The overhead saving can be achieved by dynamic adaptation between PF3 and PF4. Additional benefits are not obvious to further support dynamic adaptation between PF4 and PF5.
Proposal 3: Dynamic adaptation between PUCCH format 4 and PUCCH format 5 is not supported. 
4 Dynamic PUCCH formats adaptation according to HARQ-ACK codebook size
The maximum payload of different PUCCH formats is different. The HARQ-ACK transmission performance and the multiplexing capability of different PUCCH formats with the same HARQ-ACK codebook size are also different. Dynamic HARQ-ACK codebook determination was agreed for R13-CA. One straightforward way to adapt the PUCCH format is to link the PUCCH format with the determined HARQ-ACK codebook size. If the eNodeB and UE have 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 and a predefined relationship between number of UCI bits size and the PUCCH format can be used. 
Table 1. Example of mapping between HARQ-ACK codebook size and PUCCH format
	HARQ-ACK codebook size
	PUCCH format

	1~2 bits in PCell
	PUCCH format 1a/1b

	1~22 bits except 1~2 bits in PCell
	PUCCH format 3

	23~ bits
	PUCCH format 4


Table 1 gives an example of predefined mapping from HARQ-ACK codebook size to PUCCH format. The switch point of 22 bits is an example value considering maximum payload of PF3. Other value, e.g. 14 bits, could also be considered, considering an 8-bit CRC attached for payloads less than 23bits as discussed in [3]. 
If only HARQ-ACK/SR need to be reported or simultaneousAckNackAndCQI-Format4-r13=FALSE, the switch may be done based on the number of HARQ-ACK/SR bits. If HARQ-ACK/SR and periodic CSI need to be transmitted in the same subframe and simultaneousAckNackAndCQI-Format4-r13=TRUE, the total number of  UCI bits including HARQ-ACK/SR and P-CSI should be considered to map PUCCH format . 
Proposal 4: Dynamic adaptation between PUCCH format 3 and PUCCH format 4 can be supported according to the number of UCI bits.
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Figure 1  PUCCH format 4 configuration
5 PUCCH format 4 configuration
Considering the flexibility of PUCCH resource allocation, configuration of 4 PUCCH resources for each new PUCCH format was agreed at RAN1#82bis meeting. Considering dynamic adaptation between PF3 and PF4, two sets of resource configuration correspond to PF3 and PUCCH format 4 respectively, as shown in Figure 1. The selection of the PUCCH format is based on the dynamically determined HARQ-ACK/SR codebook size or the number of HARQ-ACK/SR bits and P-CSI bits. The PUCCH resource of the selected PUCCH format is indicated by the ARI.
That implies that if the RRC parameter pucch-Format is set to PUCCH format 4, the parameter n3PUCCH-AN-List should be included in the configuration. Potentially the parameter n3PUCCH-AN-ListP1 could be included to support transmit diversity for PUCCH format 3.
Proposal 5: 4 PUCCH resources for PUCCH format 3 should also be included when PUCCH format 4 is configured.
6 Conclusion

Based on analyses above, according to dynamic adaptation of PUCCH format for CA beyond 5 CCs, the following proposals are provided: 
Proposal 1: For FDD and TDD, dynamic adaptation between PUCCH format 3 and PUCCH format 4 is supported

· For TDD, the same ARI value is assumed in all subframes of the bundling window.
Proposal 2: Dynamic adaptation between PUCCH format 3 and PUCCH format 5 is not supported for Rel-13 CA.
Proposal 3: Dynamic adaptation between PUCCH format 4 and PUCCH format 5 is not supported. 
Proposal 4: Dynamic adaptation between PUCCH format 3 and PUCCH format 4 can be supported according to the number of UCI bits.
Proposal 5: 4 PUCCH resources for PUCCH format 3 should also be included when PUCCH format 4 is configured.
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