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Introduction
A new WI was agreed at RAN #66 plenary meeting to support LTE carrier aggregation beyond 5 carriers, and revised at RAN #67 plenary meeting [1]. One of the objectives is to specify necessary mechanisms to enable LTE CA extension with up to 32 component carriers, including:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers
· Higher layer enhancements for a UE to aggregate up to 32 component carriers, if identified [RAN2]
In this contribution, we discuss the issues of UCI enhancement on PUCCH of Pcell for up to 32 component carriers.

HARQ-ACK transmission enhancement
New PUCCH format
In RAN1#81 meeting, the maximum payload size is agreed, The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits

To design new PUCCH format to carry so large number of HARQ-ACK bits, the straightforward method is to reduce the OCC length of PUCCH format 3, another simple way is to increase the PRB numbers occupied by PUCCH.
With reduction OCC length of PUCCH format 3, the PUCCH capacity could be increased compared with Rel-10 PUCCH, as shown in Figure 1.When payload size is larger than 20 bit, and maybe smaller than 64 bit, the coded bit by TBCC with rate matching could be formed into 120 bits, after QPSK modulation with scrambling, the number of QPSK symbols are 60, and could be mapped to 12 carriers and 5 symbols, since one TTI include two time slots, the second slot can do the repetition of the first slot with SF=2. In this case the new PUCCH format can support 120 coded HARQ-ACK bits with the multiplexing capacity decrease to 2.


Figure 1: New PUCCH format design with OCC length reduction to 2
Furthermore, considering the UEs configured with carrier aggregation of much more number of carriers may be in low mobility state, the channel estimation accuracy could be loosened, so we could reduce the DM RS density on PUCCH. Another option of new PUCCH format design with OCC length reduction and DM RS density reduction is shown as in figure 2, compared with Rel-10 PUCCH format 3, instead of repeating the same data in every symbol, only D0 and D1, D2 and D3, D4 and D5 do repetition, then 144 coded bits would be supported and the multiplexing capacity decrease to 2 in this new PUCCH format design.



Figure 2: New PUCCH format design with OCC length reduction and DM RS density reduction

Proposal 2: We can consider OCC length reduction and DM RS density reduction based on PUCCH format 3 to increase the supportable payload size, but the multiplexing capacity has to be decreased.
Channel coding
Legacy PUCCH channel coding is based on RM coding supporting up to payload size of 22 bits, new PUCCH format design with 32 carrier aggregation need to support at least 128 bits, so it is better to reuse the tail biting convolutional coding scheme with rate 1/3, and use rate matching to fit the resources used for PUCCH transmission.

Proposal 3: Convolutional coding with rate matching could be considered as channel coding of new PUCCH format.

Adaptation on HARQ-ACK PUCCH format
In Rel-10 carrier aggregation, PUCCH format 3 can support carrier aggregation with up to 5 carriers with HARQ-ACK feedback bits not exceeding 21bits, if new PUCCH format is designed to support larger number of payload size, one problem to be considered is the uplink overhead, when a UE is configured with a large number of downlink carriers, but the number of scheduled carriers is small, it is inefficient to use a format that supports large amounts of HARQ ACK bits when only a few DL SCells were scheduled, so it can be considered to use different PUCCH format depending on actual number of scheduled cells or the corresponding HARQ-ACK payload size. The problem of fast codebook adapatation of HARQ ACK bits within the PUCCH payload could be solved by using DAI based mechanism.
Proposal 4: Different PUCCH format adaptation depending on actual number of scheduled cells or the corresponding HARQ-ACK payload size need to be considered.
Conclusion
In this contribution, we firstly give the analysis of maximum payload size of PUCCH format when supporting carrier aggregation with up to 32 carriers,  and then give our views on the newly PUCCH format design. Considering uplink overhead and efficiency, we also agree that the PUCCH format adaptation based on actual scheduled carriers or the number of HRAQ-ACK bits is needed.
Proposal 1: Whether to introduce a new PUCCH format and how to design highly depends on the design target payload size of the HARQ-ACK bits after any bundling operation if needed. 
Proposal 2: we can consider OCC length reduction and DM RS density reduction based on PUCCH format 3 to increase the supportable payload size, but the multiplexing capacity has to be decreased.
Proposal 3: Convolutional coding with rate matching could be considered as channel coding of new PUCCH format.
Proposal 4 Different PUCCH format adaptation depending on actual number of scheduled cells or the corresponding HARQ-ACK payload size need to be considered.
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