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1 Introduction
When carrier aggregation is configured, cross-carrier scheduling allows the eNB to send scheduling information on another carrier, and mitigates the interference on control channel. With CA enhancement aggregating up to 32 CCs, cross-carrier scheduling should also be supported. However, current signalling and multiplexing procedures are designed for CA with up to 5CCs, and may not be applied directly to the enhanced CA. In this contribution, we present our views on the general scenarios as well as potential issues for enabling cross-carrier scheduling for CA with more than 5 CCs.
2 Discussion
2.1 General
The first issue is the serving cell indexing. In current RRC procedures, the related IE ServCellIndex is defined as an integer ranging from 0 to 7, and accordingly, the 3-bit carrier indicator field (CIF) in DCI is used to indicate the scheduling for up to 5 CCs. When more carriers are to be aggregated, the value ranges in current scheme become insufficient. To solve this problem, we see two alternatives.
Alt. 1: Extending ServCellIndex and CIF
The most intuitive solution to support aggregation of up to 32 CCs could be to extend the maximum value of ServCellIndex IE to 31 and the corresponding CIF length to 5 bits. While the modification of IE definition is straightforward, adjusting CIF length brings the need of new DCI format with new multiplexing and encoding procedures.
Alt. 2: Introducing subgroups of serving cells
Extending CIF seems to be more complicated than expected. Moreover, carrying the DCI for too many CCs on a single PDCCH may overload the PDCCH. A method which not only maintains the feasibility of current cross-carrier scheduling procedures but also mitigates the congestion on downlink control channel is to divide serving cells into subgroups consisting of no more than 8 cells. In this way, current serving cell indexing can be applied within each subgroup. 
Proposal 1:
The network may divide the serving cells into subgroups consisting of up to 8 cells. When CA with more than 8 serving cells is configured, it is mandatory to divide the serving cells into subgroup. 
The details of cross-carrier scheduling are further discussed in the next section.
2.2 Cell subgroups and cross-carrier scheduling
When cell sub-grouping is introduced, some changes for cross-carrier scheduling are needed. Cross-carrier scheduling is performed within each subgroup, and the ServCellIndex and CIF become local indexes referring to serving cells in the same subgroup. An additional subgroup index is provided via RRC signalling so as to give each serving cell a unique identification (using both subgroup index and local cell index).
Proposal 2:
When serving cells are divided into subgroups, the serving cells are indexed independently in each subgroup. The scopes of ServCellIndex and CIF are limited to the serving cell in current subgroup, and cross-carrier scheduling is performed within each subgroup. Additional subgroup indexes are provided via RRC signalling.

In order to perform cross-carrier scheduling within each subgroup, there must be at least one serving cell carrying PDCCH in each subgroup.
Proposal 3:
In each subgroup of serving cells, there should be at least one PDCCH configured, which serves the cross-carrier scheduling of up to 8 serving cells within the subgroup.
Moreover, when dual connectivity (DC) is configured, the scheduling decision is made by each eNB for serving cells within individual CG. Therefore, the subgroup of serving cells should be defined within each CG. On the other hand, the subgroups can be indexed across CGs.
Proposal 4: 
When DC is configured, a cell subgroup contains only serving cells from the same CG, while the subgroups are indexed across MCG and SCG.
The above proposals on cell subgroup and cross-carrier scheduling for CA enhancement beyond 5CCs are illustrated in Figure 1. 
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Figure 1
3 Conclusion

It is proposed to discuss and decide on the following proposals:
Proposal 1:
The network may divide the serving cells into subgroups consisting of up to 8 cells. When CA with more than 8 serving cells is configured, it is mandatory to divide the serving cells into subgroup. 

Proposal 2:
When serving cells are divided into subgroups, the serving cells are indexed independently in each subgroup. The scopes of ServCellIndex and CIF are limited to the serving cell in current subgroup, and cross-carrier scheduling is performed within each subgroup. Additional subgroup indexes are provided via RRC signalling.

Proposal 3:
In each subgroup of serving cells, there should be at least one PDCCH configured, which serves the cross-carrier scheduling of up to 8 serving cells within the subgroup.
Proposal 4: 
When DC is configured, a cell subgroup contains only serving cells from the same CG, while the subgroups are indexed across MCG and SCG.
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