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Introduction
[bookmark: _Hlk528931115]In the RAN#86 meeting, a Rel-17 work item on NR Dynamic spectrum sharing (DSS) was approved. The objective of this work item is to provide a useful migration path from LTE to NR by allowing LTE and NR to share the same carrier. The detailed objectives are shown below: [1]

	This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· [bookmark: _Hlk27038352]Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation



One of the objectives is to study and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI, which has been extensively discussed in the previous RAN1 meetings. Companies have provided abundant simulation results in terms of PDCCH blocking possibility and PDSCH throughput for different scenarios. Lengthy and heated discussion happened in the last three RAN1 meetings, but there is still no consensus on whether to support multi-cell PDSCH scheduling via single DCI. In this contribution, we provide our views on multi-cell PDSCH scheduling via single DCI.
Discussion
Per the objectives for NR Dynamic spectrum sharing WI, RAN1 studied PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI in the past several meetings. Companies provided insights on the pros and cons of multi-cell PDSCH scheduling via a single DCI, solutions on potential DCI design and especially abundant simulation results from several aspects. The potential benefits include flexibility for network configuration and scheduling, improvement on PDSCH throughput, reduced PDCCH blocking probability and power consumption. On the other hands, the drawbacks, mainly including higher requirement on PDCCH reliability and heavy standardization efforts, have been understood very well via the back-and-forth discussion in the previous three RAN1 meetings. Considering the current status, more discussions in RAN1 would not help to decide whether to support multi-cell PDSCH scheduling or not. Furthermore, there are only 5 or even 4 meetings left according to the Rel-17 timeline. It would become impossible to complete the feature if we use additional one or two meeting(s) to conclude that we need to specify it. Therefore, it is proposed to have some guidance from RAN in order to step forward.

Proposal 1: Discuss and decide whether to support PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI in Rel-17 DSS WI in RAN#91-e.

Until RAN1#104 e-meeting, many companies provided simulation results from different aspects following the agreed simulation assumptions, which are summarized as below:
· CCE consumption: 7 companies observe significant CCE saving by using a single DCI to schedule multiple PDSCHs on multiple carriers.
· PDCCH blocking possibility: 15 companies provide the simulation results of PDCCH blocking probability using a single DCI to schedule multiple PDSCHs on multiple carriers, wherein 12 companies observe decreased PDCCH blocking probability via simulation while the other 3 companies observe marginal benefits.
· PDSCH throughput: 6 companies provide the simulation results of PDSCH throughput using a single DCI to schedule multiple PDSCHs on multiple carriers, wherein 5 companies observe PDSCH throughput gain, i.e. 4 companies think the gain is non-negligible and 1 company thinks it is marginal, and 1 company observe PDSCH throughput loss.
· Power consumption: 6 companies observe UE power saving by using a single DCI to schedule multiple PDSCHs on multiple carriers.
It can be seen that the benefits from multi-cell PDSCH scheduling via single DCI have been simulated and analysed from many aspects, as shown above, at least including CCE consumption, PDCCH blocking possibility, PDSCH throughput and power consumption. From our perspective, multi-cell PDSCH scheduling via single DCI should be supported and specified in the work item. Also, based on the extensive discussion and simulation results, majority companies, i.e. 13 companies, support this feature while 5 companies still have some concerns. More detailed observations can be found in feature lead summary [2]. 
From our point of view, we can at least harvest gains from multi-cell PDSCH scheduling via single DCI in terms of CCE consumption and PDCCH blocking possibility [3]. For the other aspects, e.g. PDSCH throughput gain and power saving gain, they also have been justified by majority companies. The study on multi-cell PDSCH scheduling via single DCI is sufficient and the WID should be updated accordingly. Hence we have the following proposal.

Proposal 2: Update the objective parts in Rel-17 NR Dynamic spectrum sharing WID as below.
	This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed sSpecify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation



Conclusion
In this contribution we discuss multi-cell PDSCH scheduling via single DCI for Rel-17 NR Dynamic spectrum sharing work item. The proposals are summarized in the following:

Proposal 1: Discuss and decide whether to support PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI in Rel-17 DSS WI in RAN#91-e.
Proposal 2: Update the objective parts in Rel-17 NR Dynamic spectrum sharing WID as below.
	This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed sSpecify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation
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