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1. Introduction

Enhanced carrier aggregation (CA) to support up to 32 carriers is one of the main features introduced in Release 13, partly inspired by the technique LAA (Licensed-Assisted Access) in the 5GHz band. Such extension beyond 5 carriers would allow the operators to utilize the available spectrum, especially the unlicensed bands, in a more efficient way. The agreements and working assumptions achieved in the last meeting are listed below [1]
Agreement:
· 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
Working assumptions:
· To improve the flexibility of aperiodic CSI triggering in Rel-13 CA, at least it is supported to increase the number of aperiodic CSI sets compared to Rel-12 CA

· This does not imply that increased number of CSI request bits is necessary
· If the UE is configured with PUCCH on Scell, the above enhancement can be applied per PUCCH CG. 

· Further details is FFS

In this contribution, we share our views on the enhancements to HARQ-ACK feedback for Rel-13 CA. The number of blind decoding raises a few problems, most notably false detection. We propose to consider multiple PUCCH on Scell to support 32 DL CCs to mitigate such problems. 
2. Discussions
It has been discussed that the issue of spurious PUCCH transmissions resulting from false detection of DL grants is a more serious problem as compared with false detection of UL grants [2]. Due to the large number of blind decoding that comes with supporting a large number of DL CCs, false detection rate rises inevitably; the associated unintened PUCCH transmissions cause interference to other legitimate PUCCH transmissions. This results in non-neglibile performance impact to the HARQ performance. 
Enhancement to the HARQ-ACK transmissions for Rel-13 CA is mainly concerned with improving the capacity of PUCCH transmissions by either enhancing the PUCCH format 3, i.e., utilizing multiple PRBs or reducing the OCC, or standardizing a new PUCCH format, possibly a PUSCH-based format [3]. In our view, forming multiple carrier groups, i.e., by extending the concept of PUCCH on Scell to multiple groups, can be developed in parallel with the standardization of an enhanced PUCCH format. In addition, by utilizing multiple PUCCH cell groups, the problem of false detection can be largely dismissed due to the fact that the HARQ-ACK loading is now distributed among the groups. Accordingly, we have the following proposal:

Proposal 1: Consider extending PUCCH on Scell to support more than 5 CCs.
Such a possibility should be kept in mind during the course of standardizing PUCCH on Scell to allow for a smooth future upgrade. To support a total of 32 carriers, the next step is to consider multiple PUCCH groups. Having multiple carrier group (CG) while limiting the maximum number of CCs within each group can avoid a large number of blind decoding, hence the problem of UE complexity, and false detection. As an example, consider the case that 32 carriers are to be supported using the original PUCCH formats only. The concept of carrier group can be similarly defined as a group of n DL CCs, n ≤ 5. As before, each DL CC is associated with an UL CC in the case of an FDD cell, and one of the UL CC is designated as primary and is the only UL CC that carries PUCCH within the CG. Depending on the total number of DL CCs to be supported, a different number of CGs can be formed. The number of carriers which carry PUCCH is equal to the number of CGs under such an arrangement. Such a framework is backward compatible yet highly flexible. Enhancement to the PUCCH format can proceed in a parallel manner under the proposed framework. Accordingly, we have the following proposal:
Proposal 2: Adopt the framework of carrier grouping for the design of CA with 32 carriers.
3. Conclusions
In this contribution, we have discussed the design to support CA systems with 32 carriers. The concept of carrier grouping has been proposed. The proposed framework is able to achieve backward compatibility while supporting a flexible CA enhancement. We have the following proposals:
Proposal 1: Consider extending PUCCH on Scell to support more than 5 CCs.
Proposal 2: Adopt the framework of carrier grouping for the design of CA with 32 carriers.
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