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1 Introduction
In RAN1#82 meeting, enhancements to UL control signaling for supporting CA with up to 32 CCs was discussed. For HARQ-ACK feedback enhancement, the following was agreed:
Agreements:
· 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
This contribution provides our views on enhancements to HARQ-ACK codebook size determination including how DAI is assigned and how to ensure the same understanding between eNB and UE regarding the HARQ-ACK codebook.
2. Discussion
2.1 CC domain DAI
In [1] and other contributions, it was proposed to introduce a CC domain DAI to indicate the HARQ-ACK codebook size. As of Rel-12, the DAI in an uplink grant indicates the the total number of subframes with PDSCH and PDCCH/EPDCCH indicating SPS release within a HARQ-ACK bundling window and the DAI in a downlink assignment indicates the accumulative number of PDCCH/EPDCCH with PDSCH transmissions and PDCCH/EPDCCH indicating downlink SPS release within a HARQ bundling window (PDCCH/EPDCCH indicating downlink SPS release is from now on omitted for ease of reading). In contrast, a CC domain DAI can have a similar meaning in CC domain. For example, the CC domain DAI in an uplink grant indicates the total number of CCs with PDSCH within a HARQ-ACK bundling window and the CC domain DAI in a downlink assignment indicates the accumulative number of CCs that have PDCCH/EPDCCH with PDSCH transmissions within a HARQ bundling window.
In the following, we discuss several ways to assign DAI value in the CC domain that can be used jointly with time domain DAI to dynamically indicate the HARQ-ACK codebook size in FDD and TDD CA.
FDD CA
In FDD CA, the CC domain DAI in UL grant indicates the total number of CCs with PDSCH transmissions in a subframe. The CC domain DAI in DL assignment indicates the accumulative number of CCs that have PDCCH/EPDCCH with PDSCH transmissions in a subframe.
If the HARQ-ACK feedback bits are transmitted in a subframe without PUSCH transmission based on an UL grant, i.e., when the CC domain UL DAI is not available, codebook size inconsistency between the UE and the eNB occurs when the last CC domain DL DAI is not properly received by the UE. On the contrary, if HARQ-ACK feedback bits are transmitted in a subframe with an UL grant, when the last CC domain DL DAI is not properly received by the UE, it is possible to use the CC domain UL DAI to determine the HARQ-ACK codebook without causing codebook size inconsistency between the UE and the eNB. However, when the CC domain UL DAI is also missed, HARQ-ACK codebook size inconsistency may occur.
To ensure the same understanding between eNB and UE even when there is no UL DAI, the most effective way is to assign the DL DAI of the scheduled CCs with the smallest SCell index, i.e., the first DAI, to be the same as the last DL DAI [2]. This way it can be easily detected that the last DL DAI is lost when the last DL DAI received by UE is not the same as the first DL DAI. Assuming a 2-bit DAI is used, up to 3 last DL DAI can be lost without causing HARQ-ACK codebook misunderstanding.

TDD CA
In current TDD CA, when configured to use PUCCH format 3, a UE determines the HARQ-ACK codebook size based on the UL DAI  or the HARQ-ACK bundling window size M depending on whether the HARQ-ACK bits within a HARQ-ACK bundling window is transmitted in a subframe with or without a PUSCH transmission based on an UL grant. The UL DAI  in an UL grant indicates the total number of subframes with PDSCH within a HARQ-ACK bundling window. The HARQ-ACK codebook size with spatial bundling is determined as [  ]. UE feedbacks NACK for the unscheduled subframes in each CC and the HARQ-ACK bit order is CC domain first ordering.
As suggested in [1], a CC domain DAI can be introduced to assist the determination of HARQ-ACK codebook size more dynamically. To do so, let the CC domain DL DAI indicate the accumulative number of CCs that have PDCCH/EPDCCH with PDSCH transmissions within a HARQ-ACK bundling window and the DAI value is assigned in a CC domain first manner. In other words, the DAI value is assigned in ascending order to the CCs scheduled in the first subframe before it is assigned to the CCs scheduled in the next subframes. This way can avoid the need for eNB to schedule all the subframes within a HARQ-ACK bundling window all at once. The CC domain UL DAI indicates the total number of CCs with PDSCH transmissions within a HARQ-ACK bundling window. The HARQ-ACK codebook size is then determined by the time domain and CC domain DAI pair. The HARQ-ACK bit order can follow the current rule, i.e., HARQ-ACK bits associated with the same CC are ordered first. However, the inconsistency of HARQ-ACK codebook size between the eNB and the UE occurs as long as the last DL DAI pair in time domain of any CCs is lost. Even if the UL DAI pair is available, it is hard to know exactly the HARQ-ACK codebook since the time domain UL DAI  is not per CC.
To ensure the same understanding between eNB and UE, a kind of indicator can be introduced to indicate whether the PDSCH transmission in each CC is the last PDSCH transmission of the CC [2] (Fig.1). Since the indicator must be transmitted for every PDSCH transmission, an additional bit is required in the DL DAI which results in some overhead. One way to reduce this overhead is to use the TPC field in the DL DCI as the indicator. The TPC field in PCell/PUCCH SCell is used for PUCCH power control and the TPC field in other SCells is used to indicate the PUCCH format 3 resource according to current specifications. So the way to use the TPC field to indicate the last transmission can be to set the TPC field value to be different from other instances which can be assumed to be the same if PUCCH format 3 resource scheduling and PUCCH power control is done at the beginning of the HARQ bundling window.
Proposal 1: For FDD CA, assign the DL DAI of the scheduled CCs with the smallest SCell index to be the same as the last DL DAI.
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Fig.1 Time domain and CC domain DL DAI pair, last DL assignment indicator
2.2. Combined DAI
Another method is to use a combined DAI instead of a DAI pair. The UL DAI indicates the total number of HARQ-ACK bits within a HARQ bundling window and each HARQ-ACK bit corresponds to a PDSCH transmission. The DL DAI indicates the accumulative number of PDCCH/EPDCCH with PDSCH transmissions and it is assigned in a CC domain first manner. The HARQ-ACK bit ordering is then based on the DL DAI. Therefore, the HARQ-ACK bits of the PDSCH transmissions in the first subframe is mapped first before the HARQ-ACK bits corresponding to other subframes.
To ensure the same understanding between eNB and UE even when there is no UL DAI, the first DL DAI can be assigned to be the same as the last DAI. No additional bits are required for this method. However, the drawback of this method is that eNB has to schedule all the transmissions within the HARQ bundling window at a time.
Another method mentioned in [2] is to have the last 4 DL DAI assigned the same value as the total DAI. Using this method the HARQ-ACK codebook size consistency can be ensured. However, once any of the last 4 DL DAI is lost, the bit ordering of the ACK bits of the last 4 PDSCH transmissions which is correctly received is unclear. Hence, all HARQ-ACK bits corresponding to the last 4 DL DAI have to be set to NACK. As a result, the DL performance is affected.
To resolve this issue, the TPC field in DL DCI can be used. Specifically, the “last 4 indicator” can be indicated by setting the last 4 TPC field in SCell different from the ARI value (assuming it is used for new PUCCH format resource selection). In other words, the TPC field in DL DCI of SCell PDSCH transmissions other than the last 4 SCell PDSCH transmissions is the PUCCH resource selection indicator, while the last 4 TPC field in DL DCI of SCell PDSCH transmissions is used as an indicator to ensure HARQ-ACK codebook consistency. Therefore, the DL DAI is assigned as the accumulative number of PDCCH/EPDCCH with PDSCH transmissions and the HARQ-ACK bit ordering is based on it, so there is no ambiguity when any of the last 4 DL DAI is lost.
Proposal 2: Consider using TPC field in DL DCI to indicate the last PDSCH transmissions.
Another issue is the ambiguity on transmission mode when DCI is lost. The number of HARQ-ACK bits can be 1 or 2 bits depending on the transmission mode of the CC. Therefore, the same understanding of HARQ-ACK codebook may not be maintained. As mentioned in [2], it can be solved by always feedback two NACKs to lost PDSCH transmission of CC that supports two codewords. Alternatively, spatial bundling of HARQ-ACK is always performed. However, PUCCH overhead is increased for the former case, on the other hand, DL performance is degraded for the latter case.
Therefore we propose to use the DL DAI to represent the accumulative number of codewords within a HARQ bundling window. That is, the DL DAI is increased by two if the corresponding PDSCH transmission contains two codewords. For UE to detect at least three consecutive PDSCH transmissions, the number of DAI bits should be 3.
Proposal 3: DL DAI represents the accumulative number of codewords within a HARQ bundling window and the number of DAI bits is 3.
3. Conclusions
In this contribution, we discuss possible enhancements to support HARQ-ACK codebook determination in Rel-13 CA. Based on the discussion, we summarize our proposals in the following: 
Proposal 1: For FDD CA, assign the DL DAI of the scheduled CCs with the smallest SCell index to be the same as the last DL DAI.
Proposal 2: Consider using TPC field in DL DCI to indicate the last PDSCH transmissions. 
Proposal 3: DL DAI represents the accumulative number of codewords within a HARQ bundling window and the number of DAI bits is 3. 
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