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Discussion and decision
1. Introduction
At the RAN1#80bis meeting, enhancements to UL control channel for LTE CA of up to 32 CCs were discussed. Some related observations have been achieved as below [1]:

· At least the following enhancements to CSI reporting in order to reduce periodic CSI report dropping probability can be studied
· Multiplexing of periodic CSI reports corresponding to multiple serving cells

· Multiplexing of periodic CSI reports corresponding to multiple serving cells with ACK/NACK feedback

· Details FFS including at least: 

· supported PUCCH format(s) 

· prioritization rules

· Enhancements to Aperiodic CSI reporting in order to improve the triggering flexibility and/or guarantee sufficient coverage and low overhead can be studied
· Details of candidate enhancements FFS including at least:

· Compact (e.g. wideband-only) Aperiodic CSI reports

· Grouping of triggered and/or reported cells/carriers

· More flexible indication (triggering) of reported carriers and the type of the report

· Limiting UE complexity associated with reporting up to 32 CCs

· Higher order modulation for A-CSI reports

In this contribution, we provide some views on PUCCH format enhancements mainly considering the ACK/NACK payload size to enable LTE CA of up to 32 CCs. 
2. Discussion
In Rel-10/11/12 CA, the maximum payload size carried by PUCCH format 3 is 22 bits. For 32 CCs CA in Rel-13, the maximum number of HARQ-ACK bits supported reaches 64 bits for FDD PCell case. For TDD PCell, considering different UL/DL configurations the number of HARQ-ACK bits may exceed 100 bits. The corresponding payload size is relatively larger than Rel-10/11/12 CA which may induce UL control signalling on PUCCH or PUSCH overhead increasing.

In LTE/LTE-A network deployment, the typical traffic types which require DL 32 CCs CA for the single user have not commonly appeared or foreseen. Even if this ultra-high speed traffic type arises in the future, the configured CCs will be much more than activated or scheduled CCs in most cases. For example, the network configures the UE 32 CCs which supported DL 32 CCs CA and the activated or scheduled carriers in one TTI for this UE could be 8 CCs or 10 CCs when data/traffic triggers the activated condition. Once the deactivation threshold is achieved, some carriers will be deactivated or the UE even fallbacks to single carrier mode. Thus it is reasonable to support HARQ-ACK reporting only related activated/ scheduled CCs which will reduce the payload size efficiently.

Proposal 1: HARQ-ACK reporting related to activated/ scheduled CCs should be considered.
We proposed to introduce two new PUCCH formats in Rel-13 CA [2]. The intension of this proposal is from the point of not only designing a new PUCCH format which is configured with only extremely large payload size. If the new PUCCH format is decided to introduce to support 32 CCs CA, since HARQ-ACK is proposed to be associated with activated CCs, this new PUCCH format should be considered to support dynamic adaptation of transmit payload sizes and PUCCH PRB occupation. The main issues for this flexible PUCCH format may include UE multiplexing and eNodeB and UE have different understanding of HARQ-ACK size.

Proposal 2: One of the design targets for the new PUCCH format is payload size dynamic adaptation.
As analyzed in [2], compared to one PUCCH transmission, dual PUCCHs simultaneous transmission could significantly reduce the HARQ-ACK payload size. Since PUCCH on SCell has been agreed to introduce in Rel-13 CA, HARQ-ACK feedback based on PUCCH cell group is straightforward to be supported. If the frequency multiplexing of HARQ-ACK for FDD is agreed, it should be further studied whether directly adopt PUCCH cell group as the multiplexing group or introduce dedicated cell grouping for UCI. Also for PUCCH format enhancements, it should not only assume there is only one PUCCH transmission. 

Proposal 3: If the frequency multiplexing of HARQ-ACK for FDD is agreed, it should be further studied whether directly adopt PUCCH cell group as the multiplexing group or not.
Proposal 4: Dual PUCCH transmission should also be considered for PUCCH format enhancements.

3. Conclusion

In this contribution, we discuss PUCCH enhancements to support up to 32 CCs considering HARQ-ACK size. The following proposals can be summarized: 
Proposal 1: HARQ-ACK reporting related to activated/ scheduled CCs should be considered.
Proposal 2: One of the design targets for the new PUCCH format is payload size dynamic adaptation.
Proposal 3: If the frequency multiplexing of HARQ-ACK for FDD is agreed, it should be further studied whether directly adopt PUCCH cell group as the multiplexing group or not.

Proposal 4: Dual PUCCH transmission should also be considered for PUCCH format enhancements.
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