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1. Introduction
At the RAN1#82bis meeting, RAN1 agreed to support dynamic PUCCH format adaptation at least for FDD [1].
	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 addition, RAN1 agreed following PUCCH resource selection for both FDD and TDD [1].

	Agreement: 

· 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, UE behavior to choose PUCCH format and PUCCH resource for HARQ-ACK feedback when dynamic HARQ-ACK codebook adaptation is configured is discussed.
2. PUCCH format and resource selection for HARQ-ACK feedback
There are two motivations to support dynamic PUCCH format adaptation; to minimize PUCCH overhead, or to maximize PUCCH reliability. In order to minimize PUCCH overhead, the PUCCH format having smaller overhead should be selected as much as possible. Considering that the PUCCH format 3 can support up to 22 bits, (1) using PUCCH format 3 if the number of UCI bits is up to 22, and (2) using one of the new PUCCH formats if the number of UCI bits is more than 22, is a feasible realization. However, this PUCCH format selection may not be optimal from PUCCH reliability point of view. Depending on various factors, optimal PUCCH format for a given number of UCI bits could be different. For example, eNB may implement different detection algorithms for each of the PUCCH formats (e.g., DTX detection, channel estimation, decoding algorithm, etc). Propagation channel environment (e.g., delay spread, Doppler frequency, etc) also affects the performances. Moreover, in case of PUCCH format 4, BLER performance is affected by the relationship between the number of UCI bits and the number of PRBs. As such, it would be difficult to fix a selection criterion of PUCCH format in terms of PUCCH reliability.
One possible way is to move forward with the PUCCH format selection that minimizes PUCCH overhead described above. In terms of PUCCH reliability, there might be non-negligible performance gap between PUCCH format 3 with around 22 UCI bits and PUCCH format 4 or 5 with around 23 UCI bits. However, this performance gap can be compensated by configuring appropriate transmit power-offset. 
If the HARQ-ACK codebook size is indicated by a total DAI [2], the PUCCH format can be determined by the total DAI. If the HARQ-ACK codebook size is not indicated by a total DAI and is determined based on counter DAI only, there would be a possible misunderstanding on PUCCH format between eNB and UE. Basically eNB can try to receive and decode multiple PUCCH formats. However, the possible misunderstanding is problematic not because of the eNB complexity, but because of the PUCCH resource utilization.

Table 1 shows the higher-layer configured PUCCH resources for ARI values. When a UE is configured with dynamic PUCCH format adaptation between PUCCH format 3 and PUCCH format 4/5, the UE is configured with two sets of PUCCH resources corresponding to these two PUCCH formats. If there is possible misunderstanding about PUCCH format between eNB and UE, even though eNB allocates PUCCH format 4/5 resources to the UE, the UE may transmit PUCCH format 3 resource, which corresponds to the same value of ARI. Unless the probability of this situation is sufficiently low, eNB cannot allocate the PUCCH format 3 resource to the other UE in the subframe, which results in inefficient PUCCH resource utilization.
Table 1
PUCCH resources corresponding to the values of ARI.
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As described earlier, total DAI can be the explicit indication of PUCCH format. The UE selects PUCCH format 3 if the total number of UCI bits is less than 22, otherwise PUCCH format 4/5. As long as the total DAI is correctly received by the UE, the same understanding on PUCCH format to be used is guaranteed. Note that the same understanding on PUCCH format cannot be ensured by total DAI if the number of total DAI bits is small and modulo operation is required.
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Fig. 1
PUCCH format adaptation based on total DAI.

If total DAI is not supported, it is better to support 1-bit DCI field that indicates whether the UE shall transmit PUCCH format 3 or PUCCH format 4/5. For a given PUCCH format, HARQ-ACK codebook size can be determined by the counter DAI. In this approach, eNB shall not indicate PUCCH format 3 when the HARQ-ACK codebook size is more than 22 bits. On the other hand, eNB can indicate PUCCH format 4/5 when the HARQ-ACK codebook size is not more than 22 bits. Whether the PUCCH format 4/5 is used for such smaller number of HARQ-ACK bits can be up to the network preference. 
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Fig. 2
PUCCH format adaptation based on 1-bit PF indicator (no total DAI is assumed).
Proposal 1:

· PUCCH format should be determined based on explicit information such as total DAI or 1-bit PUCCH format indicator.

The explicit indication of PUCCH format based on total DAI or 1-bit PUCCH format indicator can be applicable to TDD. However, in case of TDD, HARQ-ACK bits for multiple CCs across multiple DL subframes within a bundling window are multiplexed on one PUCCH. In order not to mandate eNB to determine PUCCH format and PUCCH resource at the beginning of a bundling window, it should be allowed to change the desirable PUCCH format and the values of ARI at the middle subframe of a bundling window. This can be realized by specifying that the UE shall determine PUCCH format and PUCCH resource based on the DL assignment(s) scheduling PDSCH in the last scheduled subframe in a bundling window. Note that in case of TDD, PUCCH format and PUCCH resource ambiguity cannot completely be resolved; UE may not be able to receive all the DL assignment(s) in the last scheduled subframe. It is up to eNB whether to indicate the same PUCCH format/resource across subframes within a bundling window to avoid such ambiguity, or to change them within a bundling window to achieve flexibility.
3. Conclusion
In this contribution we discussed PUCCH format/resource selection for HARQ-ACK feedback when dynamic HARQ-ACK codebook adaptation is configured and proposed following.
Proposal 1:

· PUCCH format should be determined based on explicit information such as total DAI or 1-bit PUCCH format indicator.

References
[1] 3GPP RAN1#82bis Chairman’s minute.
[2] R1-157228, ‘Remaining details for HARQ-ACK codebook adaptation based on DAI,’ NTT DOCOMO, INC.
- 1/4 -

