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Introduction
In the RAN1#80 meeting, the following observations were made for UL transmissions to support up to 32 DL component carriers [1].
	Observations:
1. For possible enhancements to UL control signaling to PUCCH formats and UCI on PUSCH,
1. At least the following enhancements to PUCCH and PUSCH feedback formats could be considered in order to support the increase in UL control information based for the 36.300 CA deployment scenarios:
1. The studies should take the effect on DL throughput and UL operation points into account
1. One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead
1. Details FFS including but not limited to
0. Supported payload size(s)
0. Channel coding
0. Detailed structure of the new format
1. PUCCH format selection including fallback operation
1. Enhancements on UCI transmission on PUSCH      
0. Details FFS including but not limited to       
0. Supported payload size[s]
0. Channel coding and resource element mapping
1. Extension of the PUCCH-on-SCell mechanisms for Rel. 12 CA configurations to Rel.13 CA configurations for UL CA capable UEs.
1. Enhancements to PUCCH resource allocation/selection


Moreover, in email discussion [80-03], the reduction of the number of DL HARQ-ACK bits was discussed.
[bookmark: _GoBack]In this contribution, we share our view on the reduction of the number of DL HARQ-ACK.
Discussion
New PUCCH format for more than 5 DL CCs
For extension of the number of DL component carriers up to 32, the amount of UCI in a subframe has to be enhanced. Although 22 bits of payload size for UCI is supported in existing PUCCH formats (i.e. PUCCH format 3), 64 bits are needed to cover 32 DL CCs with 2 codewords in the FDD CA case, and up to 64-638 (2 x 9 + 2 x 10 x 31) bits are required (depending on the UL/DL configuration on PCell) in the TDD CA case or TDD-FDD CA case [2]. The introduction of new PUCCH formats with larger payload size is a natural approach to this issue [3], even though, considering the decoding performance, the reduction of the number of HARQ-ACK bits may be required. However, as design target, it is not clear whether all of the CA cases, including extreme cases such as 638 bits for payload size, should be covered or not. In addition, some enhancements of the physical structure (e.g. multiple PRB pairs for a single PUCCH, PUSCH based/PCCH format 3 based) are also studied. Therefore, before considering the need of the reduction of the number of HARQ-ACK bits, the number of available bits on the new PUCCH format and the maximum number of PDSCH transmissions (including PDCCH/EPDCCH indicating DL SPS release) whose HARQ-ACK bits can be carried in a single PUCCH resource should be clarified.
Proposal 1:
· Prior to the consideration of the reduction of HARQ-ACK bits, the physical structure and maximum number of PDSCH transmission (including PDCCH/EPDCCH indicating DL SPS release) whose HARQ-ACK bits can be carried in a single PUCCH resource with the new PUCCH format for more than 5 DL CCs should be discussed.

Reduction schemes of the number of DL HARQ-ACK bits
For the restriction of HARQ-ACK payload increase, the following two schemes were listed in the e-mail discussion summary in e-mail discussion [80-03]
0. Time, spatial and/or frequency domain bundling
In the existing HARQ-ACK feedback procedure, spatial HARQ-ACK bundling and subframe bundling are used to reduce the number of HARQ-ACK bits. As an enhancement for Rel-13 CA with more than 5 CC, these bundling are applicable to the extent that overhead caused by extra retransmission is acceptable. In addition, frequency domain bundling of multiple DL CCs can also be considered.
However, if frequency domain bundling scheme is applied in the FDD case (i.e. the case without DAI), a mismatch of the number of DL CCs with PDSCH transmission between an eNB and a UE can occur when the UE cannot detect the part of related PDCCH/EPDCCH. In this case, the eNB cannot recognize whether all of the HARQ-ACK bits are bundled or not.
Moreover, such mismatch also occurs in the TDD case (i.e. the case with DAI) if PUCCH resource for new PUCCH format is configured by DCI format (i.e. ACK/NACK resource indicator (ARI)). When time domain bundling is operated on existing PUCCH format 1a/1b, the PUCCH resource is specified by last corresponding PDCCH. Therefore the eNB can recognize whether UE can detect the PDCCH or not by the location of the used PUCCH resource. However, if time/frequency domain bundling is operated on a PUCCH format with ARI and if the PUCCH resource indicated by ARI of last corresponding PDCCH is same with the PUCCH resource indicated by ARI of other corresponding PDCCH, the eNB cannot recognize whether all of the HARQ-ACK bits are bundled or not.
Therefore, when time/frequency domain bundling is applied, some mechanism to solve these mismatches should be studied.
0. Reducing the number of HARQ-ACK feedback bits associated with non-scheduled serving cells / subframes
For Rel-13 UEs configured with a large number of DL CCs, the overhead caused by HARQ-ACK bits of non-scheduled serving cells is a waste of resources. Therefore, the reduction of such bits can be a valid approach. However, with only HARQ-ACK bits of scheduled serving cells, some HARQ-ACK bits may be lost, since the UE may fail to get the related PDCCH. From this perspective, as with the bundling case, the mechanism to avoid a mismatch in the number of scheduled DL CCs between a UE and an eNB is needed.
Proposal 2:
· For the approach to reduce the number of DL HARQ-ACK bits, a mechanism to avoid a mismatch in the number of scheduled DL CCs or subframes between a UE and an eNB should be studied.

Conclusion
In this contribution, we propose:
Proposal 1:
· Prior to the consideration of the reduction of HARQ-ACK bits, the physical structure and maximum number of PDSCH transmission (including PDCCH/EPDCCH indicating DL SPS release) whose HARQ-ACK bits can be carried in a single PUCCH resource with the new PUCCH format for more than 5 DL CCs should be discussed.
Proposal 2:
· For the approach to reduce the number of DL HARQ-ACK bits, a mechanism to avoid a mismatch in the number of scheduled DL CCs or subframes between a UE and an eNB should be studied.
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