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1. Introduction

During RAN1#82 meeting, the followings were agreed to support reduction and adaptation of HARQ-ACK payload for efficient UCI feedback in Rel-13 CA with large number of DL cells [1]. 
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
Agreement:

· PUCCH format 1a/1b fall back from new PUCCH format is supported for Pcell only and DAI is equal to 1 for PDSCH only scheduling and SPS transmission cases
· FFS: Exact condition to perform fall back
In this contribution, we discuss and provide our view on HARQ-ACK payload reduction and adaptation in terms of HARQ-ACK bundling, DL assistant signalling, and relevant PUCCH format adaptation.

2. Adaptation of HARQ-ACK payload
In order to support HARQ-ACK payload reduction/adaptation in Rel-13 CA, two methods are currently being considered and discussed as: 1) bundling based HARQ-ACK payload reduction by reducing the number of HARQ-ACK feedback bits by applying HARQ-ACK bundling, and 2) scheduling based HARQ-ACK payload adaptation by reducing the number of HARQ-ACK feedback bits associated with non-scheduled cells/subframes. 
· Bundling based HARQ-ACK payload reduction
In Rel-13 CA with large number of DL cells, considering HARQ-ACK performance in terms of the PUCCH coverage and potential limitation of the maximum payload size supported by new PUCCH format, HARQ-ACK bundling would be required to reduce the number of HARQ-ACK feedback bits by semi-static or dynamic manner. 

In case of semi-static manner, whether applying HARQ-ACK bundling can be determined according to the amount of (individual) HARQ-ACK bits corresponding to all the configured cells/subframes for the UE and the maximum payload size supported by a given PUCCH format. In case of dynamic manner, actual scheduling based HARQ-ACK reduction (by reducing the HARQ-ACK corresponding to non-scheduled cells/subframes) can be jointly applied with HARQ-ACK bundling. Specifically, whether applying HARQ-ACK bundling can be dynamically determined according to the number of reduced (individual) HARQ-ACK bits associated with non-scheduled cells/subframes and the maximum payload size supported by a given PUCCH format. For example, PUCCH format used to transmit the reduced HARQ-ACK payload can be selected based on the number of HARQ-ACK bits in case when bundling is applied or not applied, depending on the consideration of UL overhead and DL throughput.
Proposal 1: HARQ-ACK bundling based HARQ-ACK payload reduction is supported with consideration of the PUCCH coverage and the limited payload of new PUCCH format. In addition, actual scheduling based HARQ-ACK reduction (and adaptation of PUCCH format transmitting the reduced HARQ-ACK) can be jointly applied with HARQ-ACK bundling.
Regarding HARQ-ACK bundling domain (e.g. spatial/time/frequency), whether HARQ-ACK bundling is applied and which domain is used for bundling would be dependent upon the maximum payload size supported by new PUCCH format and duplexing scheme of Pcell (e.g. FDD or TDD). In case of FDD Pcell, as in legacy CA, no HARQ-ACK bundling is considered as baseline with the agreed maximum HARQ-ACK codebook size of 64 bits. In addition, applying spatial domain bundling can be introduced with consideration of UL resource overhead by using new PUCCH format, and for supporting simultaneous HARQ-ACK and multiple periodic CSIs on PUCCH. In case of TDD Pcell, spatial domain bundling is to be applied as in legacy CA (and considered as baseline) by considering UL coverage of new PUCCH format, and thus the maximum HARQ-ACK codebook size is to be considered as the agreed 128 bits only. Besides, additional bundling in time domain (e.g. based on DAI) could be employed to further reduce HARQ-ACK payload considering multiple UCIs as well as UL overage. And, in both FDD and TDD Pcell cases, it is FFS whether frequency (e.g. CC) domain bundling is supported on top of spatial/time domain bundling.
Proposal 2: For FDD Pcell case, no bundling is baseline and spatial domain bundling can be applied by considering PUCCH resource overhead and multiple UCI transmission. For TDD Pcell case, spatial domain bundling is applied as in legacy CA and time domain bundling could additionally be employed by considering PUCCH coverage and multiple UCIs.
· Scheduling based HARQ-ACK payload adaptation
In order to enhance UCI feedback performance and save UE transmission power used for HARQ-ACK feedback in Rel-13 CA with large number of DL cells, dynamic adaptation of HARQ-ACK payload (size) according to actual DL scheduling is to be supported by reducing the number of HARQ-ACK feedback bits associated with non-scheduled cells/subframes. Correspondingly, it is efficient and desirable to reduce PUCCH resource overhead that PUCCH format used for HARQ-ACK feedback is also adapted according to the HARQ-ACK payload size adapted based on actual scheduling. 
For effective reduction of HARQ-ACK payload, some assistant information to indicate DL scheduling status over multiple cells is to be signalled via DL grant DCI. Based on email discussion after RAN1#82 meeting, the followings can be considered as potential candidates of this DL assistant signalling. 
Alt 1-1) CC-domain counter-DAI only
In this case, CC-domain counter-DAI which indicate the accumulative number of scheduled cells (in the order of cell index) is signalled via each DL grant DCI. With this signalling, HARQ-ACK payload may be composed of the HARQ-ACKs corresponding to up to the last counter-DAI received by UE. However, this alternative would cause blind decoding on HARQ-ACK payload size (as well as corresponding PUCCH format) in eNB side (due to misalignment between UE and eNB) in case when the last counter-DAI scheduled by the eNB is missed in the UE side.
Alt 1-2) counter-DAI and last-grant indicator
In this case, on top of counter-DAI, 1-bit last DL grant indicator (LDI) indicating whether the corresponding DL grant is for the last scheduling or not is signalled via each DL grant DCI. With this signalling, HARQ-ACK payload may be composed of the HARQ-ACKs corresponding to up to the counter-DAI indicated as the last by LDI. But, this alternative may also cause misalignment between UE and eNB (and blind decoding in eNB) on HARQ-ACK payload size (as well as PUCCH format) in case when the counter-DAI indicated as the last by LDI is missed in UE.
In order to avoid potential misalignment (and blind decoding) on HARQ-ACK payload size (and PUCCH format), it can be considered to adopt 1-bit last DAI group indicator (LDGI) indicating whether the corresponding counter-DAI belongs to the last DAI group, where a DAI group, for example, can be defined as a counter-DAI sequence of {00, 01, 10, 11}. With this signalling, in case when all the DL grants indicated as the last DAI group by LDGI are missed in UE, NACK bit can be added for a DAI sequence corresponding to the last DAI group, at the end of the actual HARQ-ACK bits corresponding to the scheduled cells in UE side.
Alternatively, forward DL grant indicator (FDI) which is the multiple-bit version of the LDI can be considered to avoid misalignment (blind decoding) on HARQ-ACK payload size (PUCCH format), while DCI overhead would be increased compared to the LDI or the LDGI, and it may require to handle the case of consecutively missing the last DL grants (e.g. last 3 DL grants in case with 2-bit FDI) and the case when small number (e.g. less than 4) of cells are scheduled.
Alt 1-3) counter-DAI and total-DAI

In this case, on top of counter-DAI, total-DAI which indicate the total number of scheduled cells is signalled via each DL grant DCI. With this signalling, HARQ-ACK payload can be composed of the HARQ-ACKs corresponding to up to the last counter-DAI derived from the total-DAI. Thus, even in case when the last counter-DAI scheduled by the eNB is missed in UE, misalignment (and blind decoding) on HARQ-ACK payload size (and PUCCH format) could be avoided by correcting the last counter-DAI based on the total-DAI with this alternative. 
There are several options for signalling of the total-DAI: Opt 1) using separate field (from counter-DAI field) in DL grant DCI for total-DAI signalling, Opt 2) using counter-DAI field in particular DL grant(s) for total-DAI signalling, Opt 3) using multiple (counter-)DAI counting rule for total-DAI (or HARQ-ACK codebook size) signalling. In case of Opt 2, it would require to handle the case of missing the particular DL grant conveying the total-DAI. In case of Opt3, it may require to handle the case of consecutively missing the last DL grants or may not effectively reduce HARQ-ACK payload due to bit padding, and it would be burden for eNB to decide DAI counting rule in advance by predicting the total number of DL scheduling over multiple subframes in TDD case.
Alt 1-4) HARQ-ACK codebook indicator
In this case, pre-configuring multiple cell groups (CGs) as potential HARQ-ACK payload, HARQ-ACK codebook indicator (HCI) which indicate the (minimum) CG comprising all the scheduled cells is signalled via each DL grant DCI. With this signalling, HARQ-ACK payload is composed of the HARQ-ACKs corresponding to the CG indicated by HCI. This alternative could avoid misalignment (blind decoding) on HARQ-ACK payload (PUCCH format) while HARQ-ACK payload may not always be effectively reduced according to DL scheduling with limited number of CGs (codebooks).
For the design of effective HARQ-ACK codebook, it would be reasonable to consider SF-domain on top of CC-domain. For example, in TDD case, combination of cell index and (existing) SF-domain counter-DAI can be considered as a candidate HARQ-ACK codebook. In addition, different set of HARQ-ACK codebooks can be configured for each UL subframe by considering different bundling window size. Moreover, to mitigate eNB burden by predicting the scheduling in future DL subframes, it can be considered to indicate different HARQ-ACK codebook per DL subframe.
In order to avoid potential misalignment and relevant blind decoding on HARQ-ACK payload and for effective reduction of HARQ-ACK payload according to actual DL scheduling, Alt 1-3 (with Opt 1) is preferred. In addition, with additional consideration of potential DCI overhead, Alt 1-2 with 1-bit LDGI is also preferable. 
Proposal 3: Signalling of counter-DAI and total-DAI via DL grant DCI is preferred for efficient HARQ-ACK payload adaptation. With consideration of the reduced DCI overhead, signalling of counter-DAI and LDGI via DL grant DCI is also preferable. 
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Figure 1-(a): counter-DAI + total-DAI             Figure 1-(b): counter-DAI + 1-bit LDGI
For the signalling of count-DAI (and total-DAI), it requires to handle potential ambiguity on TM (i.e., number of HARQ-ACK bits) of the cell corresponding to the missed DL grant. Based on email discussion, the followings can be considered as candidate solutions to resolve this issue.

Alt 2-1) TB-level DAI

In this case, counter-DAI (total-DAI) can indicate the accumulative (or total) number of scheduled TBs over all the cells, at the cost of increasing DCI overhead (e.g. 3-bit). 
Alt 2-2) CC-level DAI by applying spatial bundling or assuming 2 HARQ-ACK bits per CC

In this case, counter-DAI (total-DAI) can indicate the accumulative (or total) number of scheduled cells (as described in above) by applying HARQ-ACK spatial bundling for the cell configured with TM supporting maximum 2-TB transmission (for UL overhead), or by assuming 2 HARQ-ACK bits for all the cells (regardless of TM) without spatial bundling (for DL throughput). 
Alt 2-3) CC-level DAI per CG with same maximum number of TB

In this case, dividing all the cells into two CGs each of which consists of the cells supporting same maximum number (e.g. 1 or 2) of TB(s), CC-level counter-DAI (as in above Alt 2-2) can be separately applied for each CG. Even with counter-DAI per CG, it would be reasonable to apply total-DAI over CGs with consideration of potential DL grant missing in UE. 
Alt 2-4) maximum 2-TB CC first DAI counting

In this case, DAI counting can be done for the cells configured with maximum 2-TB first (then, for the cells with maximum 1-TB last after counting maximum 2-TB cells) where (2-bit) CC-level DAI is used for 2-TB cells while (3-bit) TB-level DAI is used for 1-TB cells. With this signalling, DCI overhead may be a bit reduced compared to the above Alt 2-1 while it may require to handle potential ambiguity by applying this DAI counting rule over multiple subframes in TDD case. 
With consideration of reducing DCI overhead and avoiding potential ambiguity, Alt 2-2 or Alt 2-3 is preferable. Furthermore, in addition to the DL assistant signalling in above, it would be beneficial to ensure alignment on HARQ-ACK payload between UE and eNB that UE informs the selected HARQ-ACK codebook (size) by using CRC masking. 
Proposal 4: Signalling of CC-level DAI (by applying spatial bundling or by assuming 2 HARQ-ACK bits per CC or by grouping the cells with same maximum number of TBs) is preferable to handle potential ambiguity on TM for the missed DL grant. 

· PUCCH format adaptation for HARQ-ACK feedback
For adaptation of the PUCCH format used to transmit the HARQ-ACK with adapted payload size (based on the DL assistant signalling in above), the following alternatives can be considered in terms of UE selection and eNB detection on the PUCCH format. 
Alt 3-1) implicit determination of PUCCH format according to HARQ-ACK payload
In this case, with pre-configuration of PUCCH format (and corresponding HARQ-ACK payload) candidates, UE determines the PUCCH format according to HARQ-ACK payload, and eNB performs detection of the PUCCH format selected by UE based on blind decoding of those candidates. 

Alt 3-2) explicit indication of PUCCH format used for HARQ-ACK via DL grant DCI
In this case, with pre-configuration of PUCCH format candidates, eNB directly indicates one of the PUCCH format candidates via DL grant DCI (then may perform detection only for the indicated PUCCH format without blind decoding), and UE selects and transmits it for HARQ-ACK feedback.
For avoiding potential misalignment and relevant blind decoding on PUCCH format and considering UL resource utilization efficiency, Alt 3-2 seems to be preferable. Moreover, for HARQ-ACK fall-back by PUCCH format 1a/1b, exact condition to perform the fall-back seems be better to consider after deciding the DL assistant signalling via DL grant DCI. 
Proposal 5: Explicit indication of the PUCCH format used for HARQ-ACK via DL grant DCI seems to be preferable for PUCCH format adaptation according to HARQ-ACK payload. Beside, exact condition to perform HARQ-ACK fall-back by PUCCH format 1a/1b seems be better to consider after deciding the DL assistant signalling via DL grant DCI. 

3. Conclusions

In this contribution, we discussed on adaptation of HARQ-ACK payload combined with HARQ-ACK bundling, DL assistant signalling, and PUCCH format adaptation. Based on above, we propose:

Proposal 1: HARQ-ACK bundling based HARQ-ACK payload reduction is supported with consideration of the PUCCH coverage and the limited payload of new PUCCH format. In addition, actual scheduling based HARQ-ACK reduction (and adaptation of PUCCH format transmitting the reduced HARQ-ACK) can be jointly applied with HARQ-ACK bundling.
Proposal 2: For FDD Pcell case, no bundling is baseline and spatial domain bundling can be applied by considering PUCCH resource overhead and multiple UCI transmission. For TDD Pcell case, spatial domain bundling is applied as in legacy CA and time domain bundling could additionally be employed by considering PUCCH coverage and multiple UCIs.
Proposal 3: Signalling of counter-DAI and total-DAI via DL grant DCI is preferred for efficient HARQ-ACK payload adaptation. With consideration of the reduced DCI overhead, signalling of counter-DAI and LDGI via DL grant DCI is also preferable. 
Proposal 4: Signalling of CC-level DAI (by applying spatial bundling or by assuming 2 HARQ-ACK bits per CC or by grouping the cells with same maximum number of TBs) is preferable to handle potential ambiguity on TM for the missed DL grant. 

Proposal 5: Explicit indication of the PUCCH format used for HARQ-ACK via DL grant DCI seems to be preferable for PUCCH format adaptation according to HARQ-ACK payload. Beside, exact condition to perform HARQ-ACK fall-back by PUCCH format 1a/1b seems be better to consider after deciding the DL assistant signalling via DL grant DCI. 
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