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1 Introduction
The following agreements on PUCCH format adaptation and resource allocation for HARQ-ACK transmission were made in RAN1#82bis:

· 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 the PUSCH-like new PUCCH format,

· At least when ARI is available, PUCCH resource is indicated by ARI.

· 2-bit ARI indicates one of the PUCCH resources configured by higher-layers.
· 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, we further discuss the remaining details of PUCCH format adaptation and resource allocation for HARQ-ACK transmission.
2 PUCCH format adaptation and ARI
In order to fully exploit the benefit of PUCCH format adaptation, it is desirable to enable PUCCH format adaptation on a per subframe basis. Hence, using RRC signalling to change the PUCCH format is not desirable and shall not be pursued. Then the following options can be used for PUCCH format adaptation [1][2]:

· Option 1: The PUCCH format to be used in an UL subframe for HARQ-ACK transmission is implicitly derived by the UE based on the number of HARQ-ACK feedback bits

· Option 2: The PUCCH format to be used in an UL subframe for HARQ-ACK transmission is explicitly signalled by some field in the DL grant

Option 1 is the simplest approach that does not incur additional DL control overhead. If the HARQ-ACK codebook size is below 22 bits, then PUCCH format 3 is used; otherwise, the configured new PUCCH format (i.e. either PUCCH format 4 or 5) is used. For FDD, the eNB knows the number of HARQ-ACK bits and hence can decide which PUCCH format the UE shall use in the corresponding UL subframe. Hence, the eNB can set the proper ARI value pointing to the corresponding PUCCH resource. There is no need for the eNB to reserve one PUCCH format 3 resource and one PUCCH format 4/5 resource. For TDD, the eNB needs to determine on the number of scheduled serving cells/subframes at the beginning of the HARQ-ACK feedback window, and then the eNB can determine whether the UE shall use PUCCH format 3 or the PUCCH format 4/5 for HARQ-ACK feedback in the corresponding UL subframes. With the assumption, the eNB does not needs to reserve one PUCCH format 3 resource and one PUCCH format 4/5 resource for the UE. The eNB scheduling restriction is rather minor since the eNB only needs to determine roughly how many serving cells/subframes will be scheduled in the HARQ-ACK feedback window. For both FDD and TDD, the TPC field in all DL grants transmitted on SCell and on PCell with DAI>1 can serve as ARI and shall have the same value, i.e. the same design as in Rel-12 PUCCH format 3. It is important to keep the same ARI value in all DL grants as this avoids the UE using the wrong PUCCH format in case of missed DL grant and then consequently may collide with other UE’s PUCCH HARQ-ACK transmission.

Option 2 is also viable solution to indicate the PUCCH format to use. Some new field can be included in the DL grant to indicate the PUCCH format. If PUCCH format adaptation is only applicable between two PUCCH formats, then 1 extra bit is sufficient. Note that falling back to PUCCH format 1a/1b does not need explicit signalling. It is also possible to reuse some existing field in the DL grant, e.g. the TPC field. However, the TPC field then cannot be used as ARI and new field is needed for the agreed 2-bit ARI.
Assuming the adaptive HARQ-ACK codebook size can be rather reliably derived by the UE, there is no obvious advantage of Option 2 compared to Option 1. Hence, we have the following proposal:

Proposal 1: For a UE configured with more than 5 serving cells and configured with dynamic HARQ-CK codebook and configured with either PUCCH format 4 or PUCCH format 5 for HARQ-ACK feedback, 
· if the HARQ-ACK codebook size is no more than 22 bits, then PUCCH format 3 is used; otherwise PUCCH format 4/5 is used;
· in a HARQ-ACK feedback window, the TPC field in all DL grant transmitted on SCell and on PCell with DAI>1 is reused as ARI and shall have the same value, i.e. the same design as PUCCH format 3.
For a UE configured with PUCCH format 4/5, when the PUCCH format is adapted to PUCCH format 3 based on the dynamic HARQ-ACK codebook size, the bit ordering cannot reuse the Rel-12 PUCCH format 3 design. This is due the reason that Rel-12 PUCCH format 3 supports up to 5 serving cells. For a UE configured with more than 5 serving cells, even if the number of HARQ-ACK feedback bits in a HARQ-ACK feedback window is no more than 22, it cannot be assumed that these 22 HARQ-ACK bits are coming from at most 5 serving cells. Therefore, the bit ordering shall be the same as if PUCCH format 4/5 is used, i.e. based on the new DAI/TAI [3], except that the container is adapted to PUCCH format 3.

Proposal 2: For a UE configured with more than 5 serving cells and configured with dynamic HARQ-CK codebook and configured with either PUCCH format 4 or PUCCH format 5 for HARQ-ACK feedback, when the PUCCH format is adapted to PUCCH format 3, the HARQ-ACK bit ordering follows the design for PUCCH format 4/5.
For PUCCH format 3, there are a few cases where fallback to PUCCH format 1a/1b and PUCCH format 1b with channel selection is supported. It proposed that such fallback and the condition to fallback is also kept for a UE configured with PUCCH format 4/5 and adaptive codebook.
Proposal 3: For a UE configured with more than 5 serving cells and configured with dynamic HARQ-CK codebook and configured with either PUCCH format 4 or PUCCH format 5 for HARQ-ACK feedback,

· fallback to PUCCH format 1a/1b and PUCCH format 1b with channel selection is supported;

· the condition to fall back to PUCCH format 1a/1b and PUCCH format 1b with channel selection is the same as that for PUCCH format 3.

Another aspect to decide is whether PUCCH format adaptation is supported between PUCCH format 4 and 5. To simply the design, it is preferred that PUCCH format adaptation between PUCCH format 4 and 5 is not supported. 
Proposal 4: PUCCH format adaptation between PUCCH format 4 and PUCCH format 5 is not supported.
3 Conclusions
In this contribution, we discuss the remaining issues of PUCCH format adaptation, with the following proposals: 
Proposal 1: For a UE configured with more than 5 serving cells and configured with dynamic HARQ-CK codebook and configured with either PUCCH format 4 or PUCCH format 5 for HARQ-ACK feedback, 
· if the HARQ-ACK codebook size is no more than 22 bits, then PUCCH format 3 is used; otherwise PUCCH format 4/5 is used;

· in a HARQ-ACK feedback window, the TPC field in all DL grant transmitted on SCell and on PCell with DAI>1 is reused as ARI and shall have the same value, i.e. the same design as PUCCH format 3.
· Proposal 2: For a UE configured with more than 5 serving cells and configured with dynamic HARQ-CK codebook and configured with either PUCCH format 4 or PUCCH format 5 for HARQ-ACK feedback, when the PUCCH format is adapted to PUCCH format 3, the HARQ-ACK bit ordering follows the design for PUCCH format 4/5.
Proposal 3: For a UE configured with more than 5 serving cells and configured with dynamic HARQ-CK codebook and configured with either PUCCH format 4 or PUCCH format 5 for HARQ-ACK feedback,

· fallback to PUCCH format 1a/1b and PUCCH format 1b with channel selection is supported;

· the condition to fall back to PUCCH format 1a/1b and PUCCH format 1b with channel selection is the same as that for PUCCH format 3.

Proposal 4: PUCCH format adaptation between PUCCH format 4 and PUCCH format 5 is not supported.
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