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1. Introduction

During the previous RAN1#80 meeting and email discussion, reduction and adaptation of HARQ-ACK payload had been discussed to support efficient UCI feedback in CA with large number of DL cells [1]. In this contribution, we provide our view on HARQ-ACK payload reduction/adaptation in terms of HARQ-ACK bundling, and selection of HARQ-ACK payload size and corresponding PUCCH format. 
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 HARQ-ACK corresponding to non-scheduled cells/subframes) can be jointly applied with HARQ-ACK bundling. For example, 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. 
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 to be considered as baseline while it is FFS whether applying spatial domain bundling is introduced. In case of TDD Pcell, spatial domain bundling is to be applied as in legacy CA, and additional bundling in time domain (e.g. based on DAI) could be employed to reduce HARQ-ACK payload. And, for 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 1: Support HARQ-ACK bundling based HARQ-ACK payload reduction with consideration of the PUCCH coverage and the limited payload of new PUCCH format.
Proposal 2: For FDD Pcell case, no bundling is baseline and FFS whether spatial domain bundling is used. For TDD Pcell case, time domain bundling on top of spatial bundling could be employed.
· Scheduling based HARQ-ACK payload adaptation
In order to reduce PUCCH resource overhead 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 that PUCCH format used for HARQ-ACK feedback is also adapted according to the HARQ-ACK payload size adapted based on actual scheduling (and/or activated cell). 
For PUCCH format adaptation combined with HARQ-ACK payload adaptation, PUCCH format can be selected (from UE side) as the followings and the relevant discussion may be needed with consideration of UL/DL overhead.
Alt 1-1) according to the number of scheduled cells

In this case, HARQ-ACK payload size and corresponding PUCCH format can be determined based on the number of actual DL scheduled cells. To avoid misalignment on scheduled cells between UE and eNB, DAI (in CC domain) can be used. 

Alt 1-2) according to the group of scheduled cells
In this case, HARQ-ACK payload and corresponding PUCCH format can be determined according to the group of scheduled cells (e.g. scheduled cell index). To avoid misalignment on HARQ-ACK payload between UE and eNB, possible candidates of scheduled cell group can be pre-configured.
In addition, the PUCCH format selected and transmitted from UE can be detected (in eNB side) as the following approaches and the relevant discussion may be necessary with consideration of complexity as well as overhead.
Alt 2-1) by blind decoding of PUCCH format candidates
In this case, with pre-configuration of PUCCH format (and corresponding HARQ-ACK payload) candidates, eNB performs detection of the PUCCH format selected by UE based on blind decoding of those candidates. 

Alt 2-2) with indication of PUCCH format via DL grant

In this case, with pre-configuration of PUCCH format (and HARQ-ACK payload) candidates, eNB directly indicates one of PUCCH format candidates via DL grant and UE selects and transmits it for HARQ-ACK feedback.
Proposal 3: Support actual scheduling based HARQ-ACK payload adaptation to reduce PUCCH resource overhead and save UE transmission power.
Proposal 4: Support PUCCH format adaptation according to the adapted HARQ-ACK payload size and consider how to (UE) select and (eNB) detect the PUCCH format for HARQ-ACK feedback.
3. Conclusions

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

Proposal 1: Support HARQ-ACK bundling based HARQ-ACK payload reduction with consideration of the PUCCH coverage and the limited payload of new PUCCH format.
Proposal 2: For FDD Pcell case, no bundling is baseline and FFS whether spatial domain bundling is used. For TDD Pcell case, time domain bundling on top of spatial bundling could be employed.
Proposal 3: Support actual scheduling based HARQ-ACK payload adaptation to reduce PUCCH resource overhead and save UE transmission power.
Proposal 4: Support PUCCH format adaptation according to the adapted HARQ-ACK payload size and consider how to (UE) select and (eNB) detect the PUCCH format for HARQ-ACK feedback.
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