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Introduction
[bookmark: _Hlk58595024]In this contribution we share our views on the remaining aspects of UE features for multi-carrier enhancements in Rel-18.
Discussion on UE features for multi-cell scheduling 
For the current set of FGs agreed for multi-cell scheduling in RAN1#113 [1] and RAN1#112bis-e [2], one of the main aspects that was discussed, but not concluded is whether we should keep the FG separate for the case when scheduling cell is not within the set of cells, i.e. whether we agree on FG 49-1a for PDSCH and similarly FG 49-2a for PUSCH. 

One key difference we see between the two cases is the need for monitoring both legacy DCI formats (non-fallback) as well as multi-cell scheduling DCI format. In case when the scheduling is included within the set of cells, then it is not necessary for a UE to support the monitoring of legacy DCI formats (except for fallback DCI) because the multi-cell scheduling DCI could be used for self-scheduling as well. However, for the case when scheduling cell is outside the set of cells, then the UE will be required to support legacy DCI formats for self-scheduling. Overall, based on the previous agreements, the BD/CCE budget and DCI size budget is not changed in Rel-18 compared to Rel-17. Therefore, in case of UE supporting both legacy and multi-cell scheduling DCI formats, the budget will be shared. Also, UE will be required to monitor more DCI formats. Another factor that we envision could be different for the two cases is the maximum number of co-scheduled cells. From UE implementation perspective, it may be beneficial to have a lower number for the maximum number of co-scheduled cells in case of scheduling cell outside the set of cells. Also, another component that would be different between the two cases is the maximum number of sets of cells that can be scheduled by the same scheduling cell. For the case of scheduling cell within the set of cells, it may be easier for UE’s implementation to keep the scheduling cell for only one set of cells. However, for the case when scheduling cell is outside the set, then UE might prefer to support more than 1 set of cells that can be scheduled by the scheduling cell. Based on these factors, we think that the two FGs should be separate, i.e. agree on FG 49-1a and FG 49-2a for PDSCH and PUSCH, respectively. However, other possible option could also be considered a new component is added under FG 49-1/49-2 to report one of more of the following cases for scheduling cell including:
· Case 1: scheduling is within the set and is the reference cell
· Case 2: scheduling is within the set and is not the reference cell
· Case 3: scheduling cell is outside the set and is not the reference cell

Proposal 1: One of the two options is supported for separating the two cases, i.e. first case of scheduling cell is included within the set of cells and second case of scheduling cell is not included within the set of cells:
· Option 1: FG 49-1a and FG 49-2a are agreed to be supported, i.e. separate FGs for the two cases when scheduling cell is within the set of cells (FG 49-1/49-2) and when scheduling cell is not within the set of cells (FG49-1a/FG49-2a)
· Option 2: a new component is added under FG 49-1/49-2 to report one of more of the following cases for scheduling cell including:
· Case 1: scheduling is within the set and is the reference cell
· Case 2: scheduling is within the set and is not the reference cell
· Case 3: scheduling cell is outside the set and is not the reference cell

In RAN1#113 [2], following agreement was made related to UE capability on number of unicast DCIs that the UE can process:

Agreement
· Following component is introduced in FG 49-1
· The number of unicast DL DCI to process [for a set of cells] configured for multi-cell PDSCH scheduling by a DCI format 1_3 
· One unicast DCI per slot of scheduling cell [for the set of cells] for FDD/TDD scheduling cell
· FFS whether to count DCI format 1_3 only or both legacy DCI formats and DCI format 1_3
· Introduce advanced UE capability for larger number of unicast DL DCI, details FFS
· Following component is introduced in FG 49-2
· The number of unicast UL DCI to process [for a set of cells] configured for multi-cell PUSCH scheduling by a DCI format 0_3 
· One unicast DCI per slot of scheduling cell [for the set of cells] for FDD scheduling cell
· Two unicast DCI per slot of scheduling cell [for the set of cells] for TDD scheduling cell
· FFS whether to count DCI format 0_3 only or both legacy DCI formats and DCI format 0_3
· Introduce advanced UE capability for larger number of unicast UL DCI, details FFS

One key aspect for unicast DCI processing is whether the agreed values are applied only for DCI format 0_3/1_3 or for both legacy DCI formats and DCI format 0_3/1_3. Another aspect is whether to consider the processing of unicast DCI for a set of cells or for each cell within the set.

In our view, one straightforward option is to consider the counting for legacy DCI formats as well as new DCI format 0_3/1_3 for UL/DL. This has the benefit to reduce the UE’s processing requirement and being able to schedule all cells within the set. In this case the processing is considered for a set of cells. Essentially, for a set of cells, either one legacy unicast DCI  or one DCI format 1_3 is processed per slot of scheduling cell for the set of cells for FDD/TDD scheduling cell. Similarly for UL as well. 

However, if further flexibility is considered beneficial from network perspective, another option can be considered. In this option, for each cell within the set only one unicast DCI including either legacy or new DCI format can be processed and additionally, for the set of cells only one unicast DCI format 1_3 can be processed per slot of scheduling cell for FDD/TDD DL. For example, consider the case that there are 4 cells (cell 1, cell2, cell 3 and cell 4) within a set. In a given slot, UE receives DCI format 1_3 scheduling cell 1, cell 3 and cell 4. Since this DCI format 1_3 scheduled cell 1 and cell 2, then UE is not expected to process any more of DCI format 1_3 for this set of cells. Additionally, UE is not expected to process legacy DCI format for cell 1, and  cell 2. However, since cell 3 and cell 4 are not scheduled for DCI format 1_3, therefore one legacy DCI format can still be processed for each of cell 3 and cell 4.
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Figure 1: Illustration of unicast DCI counting per set of cells and for each cell within the se


Proposal 2: For reporting number of unicast DCI(s) to process for a set of cells, adopt one of the options:
· Option 1: Both the multi-cell DCI formats and the single-cell DCI formats are counted per set basis
· For DL, a total of 1 unicast DCI (DCI format 0_1 or legacy unicast DCI) can be processed for set of cells per slot of scheduling cell for both FDD and TDD
· For UL, a total of 1 unicast DCI (either DCI format 0_1 or legacy unicast DCI) can be processed for set of cells per slot of scheduling cell for FDD and a total of 1 unicast DCI (DCI format 0_1 and/or legacy unicast DCI) can be processed for set of cells per slot of scheduling cell for TDD
· Option 2: Both the multi-cell DCI formats and the single-cell DCI formats are counted per cell basis and multi-cell DCI formats are also counted per set of cells basis. If multi-cell DCI format schedules only sub-set of cells within the set, then counting is applicable only for the actually scheduled cells and in that case, legacy DCI format could be processed for cells that are not scheduled. For example, consider the case that there are 4 cells (cell 1, cell2, cell 3 and cell 4) within a set. In a given slot, UE receives DCI format 1_3 scheduling cell 1, cell 3 and cell 4. Since this DCI format 1_3 scheduled cell 1 and cell 2, then UE is not expected to process any more of DCI format 1_3 for this set of cells. Additionally, UE is not expected to process legacy DCI format for cell 1, and  cell 2. However, since cell 3 and cell 4 are not scheduled for DCI format 1_3, therefore one legacy DCI format can still be processed for each of cell 3 and cell 4.
· For DL, for set of cells, a total of 1 DCI format 0_1 can be processed per slot of scheduling cell and for each cell within the set a, total of 1 unicast DCI (DCI format 0_1 or legacy unicast DCI) can be processed per slot of scheduling cell for both FDD and TDD
· For UL
· For set of cells, a total of 1 DCI format 0_1 can be processed per slot of scheduling cell and for each cell within the set a, total of 1 unicast DCI (DCI format 0_1 or legacy unicast DCI) can be processed per slot of scheduling cell for FDD
· For set of cells, a total of 2 DCI format 0_1 can be processed per slot of scheduling cell and for each cell within the set a, total of 2 unicast DCI (DCI format 0_1 and/or legacy unicast DCI) can be processed per slot of scheduling cell for TDD

Conclusion
In this contribution, we have discussed our views on the initial list of UE features for multi-carrier enhancements in NR Rel-18 and provided following proposals:
Proposal 1: One of the two options is supported for separating the two cases, i.e. first case of scheduling cell is included within the set of cells and second case of scheduling cell is not included within the set of cells:
· Option 1: FG 49-1a and FG 49-2a are agreed to be supported, i.e. separate FGs for the two cases when scheduling cell is within the set of cells (FG 49-1/49-2) and when scheduling cell is not within the set of cells (FG49-1a/FG49-2a)
· Option 2: a new component is added under FG 49-1/49-2 to report one of more of the following cases for scheduling cell including:
· Case 1: scheduling is within the set and is the reference cell
· Case 2: scheduling is within the set and is not the reference cell
· Case 3: scheduling cell is outside the set and is not the reference cell

Proposal 2: For reporting number of unicast DCI(s) to process for a set of cells, adopt one of the options:
· Option 1: Both the multi-cell DCI formats and the single-cell DCI formats are counted per set basis
· For DL, a total of 1 unicast DCI (DCI format 0_1 or legacy unicast DCI) can be processed for set of cells per slot of scheduling cell for both FDD and TDD
· For UL, a total of 1 unicast DCI (either DCI format 0_1 or legacy unicast DCI) can be processed for set of cells per slot of scheduling cell for FDD and a total of 1 unicast DCI (DCI format 0_1 and/or legacy unicast DCI) can be processed for set of cells per slot of scheduling cell for TDD
· Option 2: Both the multi-cell DCI formats and the single-cell DCI formats are counted per cell basis and multi-cell DCI formats are also counted per set of cells basis. If multi-cell DCI format schedules only sub-set of cells within the set, then counting is applicable only for the actually scheduled cells and in that case, legacy DCI format could be processed for cells that are not scheduled. For example, consider the case that there are 4 cells (cell 1, cell2, cell 3 and cell 4) within a set. In a given slot, UE receives DCI format 1_3 scheduling cell 1, cell 3 and cell 4. Since this DCI format 1_3 scheduled cell 1 and cell 2, then UE is not expected to process any more of DCI format 1_3 for this set of cells. Additionally, UE is not expected to process legacy DCI format for cell 1, and  cell 2. However, since cell 3 and cell 4 are not scheduled for DCI format 1_3, therefore one legacy DCI format can still be processed for each of cell 3 and cell 4.
· For DL, for set of cells, a total of 1 DCI format 0_1 can be processed per slot of scheduling cell and for each cell within the set a, total of 1 unicast DCI (DCI format 0_1 or legacy unicast DCI) can be processed per slot of scheduling cell for both FDD and TDD
· For UL
· For set of cells, a total of 1 DCI format 0_1 can be processed per slot of scheduling cell and for each cell within the set a, total of 1 unicast DCI (DCI format 0_1 or legacy unicast DCI) can be processed per slot of scheduling cell for FDD
· For set of cells, a total of 2 DCI format 0_1 can be processed per slot of scheduling cell and for each cell within the set a, total of 2 unicast DCI (DCI format 0_1 and/or legacy unicast DCI) can be processed per slot of scheduling cell for TDD
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Counting of Unicast DCI processing within a slot



- Number of unicast DCIs processed for set of cells =                 1
- number of unicast DCIs processed for cell 1 (scheduled) =       1
- number of unicast DCIs processed for cell 2 (scheduled) =       1
- number of unicast DCIs processed for cell 3 (unscheduled)=    0
- number of unicast DCIs processed for cell 4 (unscheduled)=    0











