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1 Introduction

In RAN1#80b, the following agreement was made on DL control signaling for CA with up to 32 CCs [1]: 
Agreements:
· Keep the Rel. 10 CIF size of 3bits in the DCI (for a carrier-specific grant)
· Rel. 13 CA enabling to address 8 cells with the 3bit CIF

· FFS: Mapping of ServingCellID to CIF for a scheduling cell

· FFS: USS definition and relation to CIF
This contribution discusses remaining issues regarding cell grouping and mapping of serving cell ID to CIF for a scheduling cell.
2 Discussion
In Rel-12, a CIF of 3 bits for cross-carrier scheduling can indicate a serving cell with DL/UL data transmission among 5 cells. If the number of serving cells to be indicated by the CIF is at most 8, there may be no spec impacts to support cross-carrier scheduling. On the other hand, in order to support cross-carrier scheduling for CA with more than 8 cells (up to 32 cells), aspects to be discussed are as follows: 
· Serving cell index
· Cell grouping
· Mapping of serving cell ID to CIF for a scheduling cell
Serving cell index
In Rel-12, CA with at most 5 cells is supported and then serving cell index was defined from 0 to 7. In order to support CA with up to 32 cells in Rel-13, the serving cell index should be naturally extended to 31. Then, the serving cell index should have a value from 0 to 31 in Rel-13 CA.
Proposal 1: Serving cell index should be extended to 31 for Rel-13 CA.
Cell grouping
Keeping 3 bits for CIF in Rel-13 needs to limit cross-carrier scheduling from a serving cell to another serving cell in a cell group with at most 8 cells (including the serving cell). Taking into account the number of both scheduled and scheduling cells, and the number of cells in a cell group, an eNB divides cells into cell groups and then can control cross-carrier scheduling between cells within a cell group. Cell grouping can be realized by two different ways. Alternative 1 is that cells can be implicitly grouped by the eNB via current higher layer signaling for cross-carrier scheduling. In this case, although there is no explicit signaling to the UE regarding cell grouping, the UE can be aware of grouped cells from relations between scheduling cells and scheduled cells by the higher layer signaling for cross-carrier scheduling. Alternative 2 is that cell groups for cross-carrier scheduling can be explicitly configured to the UE by a new higher layer signaling (e.g. a cell group consists of at most 5 or 8 cells) and some cells in a cell group can be configured as scheduling cells with (E)PDCCHs. 
Figure 1 and 2 show a comparison between two alternatives for cell grouping according to the number of scheduling cell in a cell group. In both Figure 1 and 2, each arrow line shows the relationship between scheduling cell and scheduled cell and the direction of arrow indicates the linkage from cell sending (E)PDCCH to the cell with corresponding PDSCH/PUSCH. Also, the cells bound by dot line indicate the cell group by Alternative 1 while the cells bound by solid line indicate cell group by Alternative 2. In Figure 1, there is only one scheduling cell in a cell group. In this case, we can expect cell groupings made by both alternatives are identical and then, even if explicit signaling for cell grouping is not introduced, the same cell grouping can be realized by Alternative 1. On the other hand, Figure 2 considers the case where there are more than one scheduling cell within a group. In this case, cell grouping by Alternative 2 would be different from one by Alternative 1. Therefore, if an eNB wants to constitute a cell group bound by the solid line in Figure 2, new higher layer signaling for the cell grouping should be introduced. Therefore, taking a necessity of explicit signaling for cell groups into account, cell grouping should be further discussed.
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Figure 1: A comparison between two alternatives when the number of scheduling cell in a cell group is only one.
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Figure 2: A comparison between two alternatives when the number of scheduling cell in a cell group is more than one.
Proposal 2: Taking a necessity of explicit signaling for cell groups into account, cell grouping should be further discussed.
Mapping of serving cell ID to CIF for a scheduling cell
In Rel-12, CIF value is the same as a serving cell index of a serving cell and then in case of Rel-13 CA with up to 32 cells, serving cells with 8 to 31 as a serving cell index would not have the corresponding CIF value by current specification. Thus, mapping of a CIF value to a serving cell with 8 to 31 is necessary for Rel-13 CA. Also, in Rel-12, if a UE is configured with more than one serving cell, configuration information for scheduling of the serving cells includes a serving cell index of a scheduling cell with (E)PDCCH. Then, in order to define a CIF value for a serving cell in Rel-13 CA, first alternative is that a CIF value can be added in the configuration information for the serving cell with data transmission. In this case, a UE can apply the CIF value for the scheduled cell when the UE monitors (E)PDCCH on the scheduling cell with the serving cell index in the configuration information. As another alternative, mapping of a CIF value to a scheduled cell can be fixed by an equation (e.g. modulo operation). Note that CIF mapping by the above two alternatives can be signaled for Rel-13 UEs supporting CA with more than 5 cells even in case the UEs are configured with at most 5 cells.
Proposal 3: Mapping of a CIF value to a scheduled cell can be configured by higher layer or fixed by an equation.
3 Conclusions 
This contribution discussed remaining issues to support cross-carrier scheduling by 3 bits CIF in CA with up to 32 CCs and proposes the following depending on discussion in the contribution:
Proposal 1: Serving cell index should be extended to 31 for Rel-13 CA.
Proposal 2: Taking a necessity of explicit signaling for cell groups into account, cell grouping should be further discussed.
Proposal 3: Mapping of a CIF value to a scheduled cell can be configured by higher layer or fixed by an equation.
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