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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 reached in the last meeting are listed below [1]
Agreement:
· One to one mapping of ServingCellID to CIF for a cross-carrier scheduled cell by one scheduling cell is supported
· For Rel. 13 cross-carrier scheduling, keep the Rel. 11 CIF to USS relation (on a scheduling cell) for cross-carrier scheduled cells using scheduled cell-specific grants and scheduled cell-specific USS
Remaining issues regarding the DL control signalling design for Rel-13 CA include DCI false detection and PDCCH/PDSCH decoding complexity reduction. In this contribution, we share our views in this respect.
2. Discussions
Progress has been made in the standardization of enhanced CA to support 32 DL CCs, especially the feature of PUCCH on Scell. However, due to the large number of blind decoding that comes with supporting a large number of DL CCs, problems such as power consumption, UE complexity, and false detection arise, and those issues are inter-related. It has been agreed to adopt a one to one mapping of ServingCellID to CIF for a cross-carrier scheduled cell by one scheduling cell. It can be expected that a common scenario is for unlicensed carriers to be cross-carrier scheduled by licensed carriers. This can be equivalently thought of as an implicit DL cell grouping mechanism with a maximum group size of 8 cells. 
The issue of blind decoding has been the focus in the past few meetings. Since the objective is to support CA with 32 DL CCs, the UE is expected to handle the associated computational complexity with decoding 32 simultaneously scheduled PDSCH irregardless of the final DL control signalling method. The most extreme case would be that the most aggressive transmission mode (TM) with MIMO is configured on every carrier. This means an approximate 6 fold bitrate increase compared with CA with 5 DL CCs. In our view, whether such extreme case is supported should be further clarified.
Proposal 1: Consider scheduling restriction to limit the computational complexity associated with decoding 32 DL CCs.
Decoding 32 PDSCHs, even if practically implemented, will only take place occasionally. DL control signalling, i.e., PDCCH blind decoding, should not be optimized for 32 PDSCHs. For example, a Rel-13 CA capable UE might fully utilize 32 CCs 10% of the time; while it only makes use of at most 5 CCs normally. Making the UE blindly search all the possible DL grants continuously is clearly an undesirable design choice and unproportionately consumes the battery power. More importantly, the problem of false detection, as had been extensively discussed in the past view meetings [2] [3], arises along with the number of blind decodings. Increasing the length of CRC can help mitigate the false detection problem [4]. However, such a solution alone cannot solve the problem of blind decoding complexity. Search space restriction, such as limiting the aggregation level of PDCCH on unlicensed carriers, and the concept of joint grant [5], are the most promising solutions in our view; as they are capable of addressing the issues of false detection and decoding complexity at the same time. We thus have the following proposal: 
Proposal 2: Consider the methods of joint grant and/or search space restriction for PDCCH decoding complexity reduction.
3. Conclusions
In this contribution, we have discussed the design to support CA systems with 32 carriers. We have the following proposals:
Proposal 1: Consider scheduling restriction to limit the computational complexity associated with decoding 32 DL CCs.
Proposal 2: Consider the methods of joint grant and/or search space restriction for PDCCH decoding complexity reduction.
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