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1 Introduction
HARQ-ACK codebook adaptation for Rel-13 CA was discussed at RAN1 #82 and the following agreements were made
· HARQ-ACK codebook size is dynamically determined
· To ensure same understanding between eNB and UE regarding the HARQ-ACK codebook (including HARQ-ACK order and size)
· FFS, eNB transmits signaling in DL assignment: 
· FFS: Detailed signaling, e.g., 
· Counter DAI only
· FFS: Whether DAI can be not consecutive
· A Counter DAI and a Total DAI
· Combined DAI carrying either Counter or Total, based on the order of scheduling
· HARQ-ACK codebook indicator to indicate the possible carriers
· Note: Other alternatives are not precluded
· FFS: Additional UL signaling to indicate HARQ ACK codebook size
· FFS: PUCCH format adaptation
Furthermore, there was some email discussions on detailed solutions but no consensus can be reached. In this contribution, we share our views on HARQ-ACK codebook adaptation for Rel-13 CA enhancement.
2 Discussion
Dynamic HARQ-ACK codebook adaptation was agreed at RAN1 #82. In order to ensure the HARQ-ACK codebook alignment between the eNB and UE, the existing DAI schemes are enhanced with the introduction of counter DAI and/or total DAI [1]
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[8]. In [5], we also proposed one compromised solution between slow and fast codebook adaptation. In particular, a set of HARQ-ACK codebook sizes is predefined. The HARQ-ACK codebook size can only be selected from this predefined set, e.g. {22, 32, 40, 48, 56, …, 128}. At the UE, the HARQ-ACK codebook size is selected as the minimum value from the predefined set which is larger than or equal to the number of feedback bits determined by the scheduled CCs detected at the UE. With this proposal, the HARQ-ACK codebook ambiguity problem can be mitigated. One problem is that the mismatch still happens when the number of scheduled carriers is close to the predefined codebook sizes. Essentially there is trade-off between the flexibility of HARQ-ACK codebook adaptation and the probability of HARQ-ACK codebook mismatch. With a large number of HARQ-ACK codebook size, the HARQ-ACK codebook size can be adapted more dynamically while the probability of mismatch also increases. On the contrary, the HARQ-ACK codebook size can only be selected from a few candidate values while the probability of mismatch also decreases.
One way to avoid the mismatch above when the number of scheduled carriers is close to the predefined codebook sizes is to divide the set of HARQ-ACK codebook sizes into two subsets and signal to which subset the codebook size belongs to through an extra codebook size indicator (CBSI) bit in the DCI. This makes the codebook size mismatch due to missed detection of (E)PDCCH assignments very small. As an example shown in Figure 1, assume that the CBSI is set to 0 if the number of bits to be reported is in the subset {22, 40, 56, …, 120} and the CBSI is set to 1 if the number of bits to be reported is in the subset {32, 48, 64, …, 128}. Assume that the number of bits to be reported is 40, and the CBSI is hence set to 0. The only way that the UE miss detects the codebook size is for the UE to believe that the correct codebook size is 22, which requires the UE to miss detect (E)PDCCH assignments corresponding to at least 9 HARQ-ACK bits. If the UE detects (E)PDCCH assignments for between 23 and 32 bits it knows from the CBSI in the DCI to report 40 bits instead of 32 bits.
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Figure 1: Mapping between DAI ordering and predefined HARQ-ACK codebook size subset.

In case of TDD operation, the eNB accumulates the number of HARQ-ACK bits up to and including the current subframe and sets the CBSI as if the current subframe is the last subframe in which the UE is scheduled. An example is shown in Figure 1. Here we assume each scheduled CC requires two HARQ-ACK bits, and dark CCs denote unscheduled CCs. In the first subframe 8 CCs are scheduled, requiring 16 HARQ-ACK bits, so the codebook of size 22 is chosen which is indicated by setting the CBSI to 0. In the second subframe, five CCs are scheduled which makes the total number of HARQ-bits 26. Thus the codebook of size 32 is chosen and the CBSI is set to 1. The same principle is applied in the third and fourth subframe. 
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Instead of signalling which subset the codebook size belongs to through a bit in the DCI field, each subset can be can be mapped to a specific DAI ordering. As one example shown in Figure 3, the ascending DAI order {00, 01, 10, 11} is used if the number of bits to be reported is in the subset {22, 40, 56, …, 120} and the descending DAI order {00, 11, 10, 01} is used if the number of bits to be reported is in the subset {32, 48, 64, …, 128}. At the UE side, the UE first tries to determine which ordering was used, and then determine the codebook size. With this solution, the UE essentially chooses the codebook size from a smaller set, hence the probability of codebook size mismatch is much smaller than the original proposal. At the same time, the flexibility of codebook adaptation can still be maintained given that the number of predefined HARQ-ACK codebook sizes does not change.
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Figure 3: Mapping between DAI ordering and predefined HARQ-ACK codebook size subset.
The DAI ordering can also be used instead of the CBSI bit in TDD operation. In this case the DAI ordering varies between different subframes based on the accumulated number of HARQ-ACK bits.  The same example as in Figure 1 using DAI ordering instead of CBSI bit, and using the DAI ordering mapping from Figure 3 is shown in Figure 4.
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Figure 4: Codebook size signalling through DAI ordering for TDD.
Another alternative to solve the HARQ-ACK misalignment is to signal the HARQ-ACK codebook size from the UE to the eNB. For example, in case the HARQ-ACK feedback is transmitted on PUCCH, the HARQ-ACK codebook size can be implicitly indicated by the cyclic shift of PUCCH DMRS. It should be noted that the cyclic shift may not cover all possible HARQ-ACK codebook sizes hence the mapping between the HARQ-ACK codebook size and CS may not be one-to-one. In another example, when the extended DAI scheme is applied for fast codebook adaptation, the UE could determine the PUCCH DMRS CS based on DAI value of the last received DL DCI. At the eNB, it could first determine HARQ-ACK codebook size by detecting the cyclic shift of PUCCH DMRS then perform PUCCH detection. 

Proposal:  
· One or several sets of HARQ-ACK codebook sizes are predefined.

· The HARQ-ACK codebook size is selected from a set of predefined codebook sizes.
· The set of predefined codebook sizes is either explicitly signalled by a codebook size indicator (CBSI) bit in the DCI or implicitly indicated by the DAI ordering. 
3 Conclusions

In this contribution, we discussed the issue related to HARQ-ACK transmissions. Based on the discussion, we have the following proposal:
Proposal:  
· One or several sets of HARQ-ACK codebook sizes are predefined.

· The HARQ-ACK codebook size is selected from a set of predefined codebook sizes.
· The set of predefined codebook sizes is either explicitly signalled by a codebook size indicator (CBSI) bit in the DCI or implicitly indicated by the DAI ordering. 
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