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Introduction
The benefit of multi-cell scheduling via a single DCI is being studied based on evaluations/analyses under the agreed simulation assumptions in the past two meetings [1, 2]. The scenarios being considered include the followings:
Agreements (RAN1 #102-e):
· For the study on single DCI scheduling PDSCH on two cells 
· Consider the following scenarios as baseline for evaluation 
· UE configured with Inter-band CA with PCell and an SCell 
· PCell for the UE is operated on a DSS carrier (i.e., same carrier is also used for serving LTE users)
· Case 1: Different SCS for PCell and SCell
· Case 2: Same SCS for PCell and Scell
· Additional scenarios can also be evaluated, e.g. as below 
· Intra-band CA case with multiple serving cells having same SCS (all cells operated on non DSS carriers)
· Inter-band CA case with PCell and more than one SCell (at least the SCells are operated on non DSS carriers)
· Note: other combinations not precluded
· Note: Further details of evaluation framework (including carrier BW, slot format etc.) to be discussed in next stage
Agreements (RAN1 #103-e):
Further study with below simulation assumptions:
Simulation scenarios:
· For two-cell scheduling via a single DCI, PDCCH transmitted on a first cell schedules one PDSCH on the first cell and another PDSCH on a second cell.
· For single-cell scheduling (baseline), one PDCCH transmitted on a first cell schedules one PDSCH on the first cell via self-scheduling and another PDCCH transmitted on the first cell schedules another PDSCH on a second cell via cross-carrier scheduling.
· Companies can optionally compare to the case of PDCCH transmitted on each of the two cells via self-scheduling. In this case, company should provide details on how to calculate the PDCCH blocking rate.

In this contribution, we discuss some high-level considerations in support of the single DCI-based multi-cell scheduling. This tdoc is a revision of R1-2009024.

Discussion
In order to improve the scheduling capacity for NR PCell containing a DSS carrier, the cross-carrier scheduling from SCell to PCell/PSCell will be introduced in Rel-17 as an outcome of the WI. In addition, as a means to further improve the capacity, potential benefit of multi-cell scheduling based on a single DCI is being studied. The main discussion point is if the joint multi-cell scheduling can offer PDCCH resource savings and blocking rate reduction on the scheduling cell (e.g., sSCell in the DSS scenario) while not degrading the throughput of the scheduled cells. The design of the joint DCI should target to achieve the best trade-off between two goals, i.e., the DCI size reduction and the scheduling flexibility.
The evaluation scenarios include both the DSS scenario and the non-DSS scenario. In our view, although the main motivation of the WI is the NR DSS enhancements, the functionality of the joint multi-cell scheduling should be generally applicable (if introduced) for any CA scenario where the gain is expected, similarly to the cross-carrier scheduling enhancement as captured in the WID.
Observation 1: Multi-cell scheduling via a single DCI should be generally applicable for any valid CA scenario.
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The required level of scheduling flexibility of the joint DCI would depend on the considered scenario. Different flexibility may be required for the DSS scenario and for the non-DSS scenario. In the DSS scenario, the resource grids and the available resource regions of PCell and SCell would not resemble each other due to difference in multiplexing with LTE signals, carrier bandwidth, numerology, etc. As a result, PCell scheduling and SCell scheduling would not be highly correlated. In contrast, in some intra-band CA scenarios, the shape of multiple carriers can be very similar to each other, in terms of their SCS, bandwidth, available resources, scheduling unit, etc. In that case, many scheduling parameters can be commonly applied to the scheduled cells. For example, TDRA and FDRA fields can be jointly designed or even completely shared by the multiple cells, from which the joint DCI size can be largely reduced. Other fields such as MIMO- or HARQ-related fields may also be shared depending on their channel conditions. The joint multi-cell DCI should allow such different levels of scheduling flexibility.
Observation 2: Multi-cell scheduling via a single DCI should allow a sufficiently wide range of scheduling flexibility to support different scenarios.

For the PDSCH scheduling, two different approaches can be considered depending on the number of scheduled TBs:
· Alt. 1: A single PDSCH is scheduled on multiple cells.
· Alt. 2: Multiple PDSCHs are scheduled (one for each cell).
Based on Alt. 1, the PDSCH decoding performance may be improved due to the frequency diversity gain, and the DCI overhead can be minimized basically because only one TB is scheduled. However, transmission of one TB spanning multiple cells may require several spec changes besides the DCI format design itself, and it may also impact RAN2 work. On the contrary, the impact from Alt. 2 is smaller since the legacy scheduling mechanism can be reused for each of the cells. Considering the limited time budget and that the benefit of Alt. 1 is not clearly identified, Alt. 2 is considered more appropriate.
Observation 3: For multi-cell joint scheduling, the principle that one PDSCH is allocated within a cell needs to be kept the same to minimize the specification workload.

It seems trivial to extend the number of cells that can be scheduled by one joint DCI to more than 2 cells. Hence, it is suggested to consider up to N cells (N>2) for the multi-cell scheduling in this WI. On the other hand, regarding the applicability for UL scheduling, it is preferred to keep the current scope (including PDSCH only) until the spec impact by supporting the UL multi-cell scheduling is well identified.
Observation 4: For multi-cell joint scheduling, scheduling more than two cells using a single DCI can be considered.

According to the WID, the total PDCCH blind decoding budget should not be influenced by the work. This requirement can be interpreted as the 3+1 DCI size budget should also not be changed. Under that assumption, there are two options in handling the monitoring of single-cell DCI when UE monitors multi-cell DCI.
· Alt. 1: UE monitors only one of the single-cell DCI and the multi-cell DCI in a serving cell (e.g., by RRC configuration).
· Alt. 2: UE can monitor both the single-cell DCI and the multi-cell DCI in a serving cell, with zero-padding for their size alignment.
One advantage of Alt. 2 is that dynamic switching between single-cell scheduling and multi-cell scheduling can be supported. However, the gain from the dynamic switching to the single-cell DCI would be attainable when the size of the single-cell DCI is not much increased due to zero-padding. Therefore, this issue is highly related to the design of the multi-cell DCI, and the two issues can be discussed together.
In our understanding, Alt. 2 is similar to the approach applied to the multi-PUSCH scheduling in Rel-16 NR-U. In the multi-PUSCH scheduling, UE reads TDRA field to distinguish the single PUSCH case and multi-PUSCH case. For Alt. 2, further discussion on how UE distinguishes single-cell DCI and multi-cell DCI is needed.
Observation 5: Need of dynamic switching between single-cell DCI and multi-cell DCI can be discussed together with the design of the multi-cell DCI contents.

Conclusion
In this contribution, we provide our initial view on multi-cell scheduling via a single DCI. The following observations are drawn:
Observation 1: Multi-cell scheduling via a single DCI should be generally applicable for any valid CA scenario.
Observation 2: Multi-cell scheduling via a single DCI should allow a sufficiently wide range of scheduling flexibility to support different scenarios.
Observation 3: For multi-cell joint scheduling, the principle that one PDSCH is allocated within a cell needs to be kept the same to minimize the specification workload.
Observation 4: For multi-cell joint scheduling, scheduling more than two cells using a single DCI can be considered.
Observation 5: Need of dynamic switching between single-cell DCI and multi-cell DCI can be discussed together with the design of the multi-cell DCI contents.
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