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1. Introduction

LAA (Licensed-Assisted Access) in the 5GHz band has created some interest in extending the LTE carrier aggregation (CA) framework beyond five component carriers (CCs). Such extension beyond 5 carriers would allow the operators to utilize the available spectrum, especially the unlicensed bands, in a more efficient way. In RAN plenary #66, “LTE Carrier Aggregation Enhancement Beyond 5 Carriers” has been agreed as a future work item led by RAN1 [1]. The initial goal is set to study the necessary design enhancement to support at least 32 DL CCs, with the focus being on the enhancement of PUCCH. There had been a short discussion on the support of PUCCH on SCell for CA following the framework of dual connectivity (DC) [2]. The discussion was suspended due to limited time budget. In this contribution, we propose a general framework for assigning PUCCHs to SCells in a backward compatible way.

2. Discussions
With the introduction of the LAA, the possibility for spectrum aggregation has extended to the unlicensed band. This calls for the need to standardize CA beyond 5 carriers. Since the first release of CA, PUCCH has existed only on the primary UL CC. This has affected a lot of design philosophy, like the principle of feeding back CSI for different carriers, and ACK/NACK reporting. To extend the CA capability to 32 DL CCs, the first hurdle is the capacity limit of PUCCH. As noted in the WID, CA operation with TDD Pcell already faces limitations on PDSCH HARQ-ACK feedback with 3 CCs. Supporting 32 carriers with a single PUCCH is clearly out of the question. Standardizing new PUCCH formats is a viable option, which also eliminates the TDD ACK feedback limitation described above. 
Alternatively, standardizing PUCCH on SCell had been proposed as a future upgrade path for CA enhancement along with the standardization of DC. However, the initial goal was focusing on enabling PUCCH on SCell with a total of 5 carriers only, hoping to borrow the DC framework directly. Given the fact that 32 carriers is to be supported, it is therefore a natural extension to consider multiple PUCCHs as a solution. 
To illustrate, consider the case that 32 carriers are to be supported using the original PUCCH formats only. The concept of cell group (CG) can be similarly defined here 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. In Fig. 1. an illustration of a CA system with 19 DL CCs is provided. In this specific example, 5 CGs are formed. 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 1: Adopt the framework of carrier grouping for the design of CA with 32 carriers.
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Fig. 1. A CA system with 19 DL CCs, and 5 CGs.
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 proposal:

Proposal 1: Adopt the framework of carrier grouping for the design of CA with 32 carriers.
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